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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 at 
Brookhaven National Laboratory. It is funded by the “Rikagaku Kenkyusho” 
(RIKEN, The Institute of Physical and Chemical Research) of Japan. The Center is 
dedicated to the study of strong interactions, including spin physics, lattice QCD, 
and RHIC physics through the nurturing of a new generation of young physicists. 

During the first year, the Center had only a Theory Group. In the second 
year, an Experimental Group was also established at the Center. At present, there 
are seven Fellows and eight Research Associates in these two groups. During the 
third year, we started a new Tenure Track Strong Interaction Theory RHIC Physics 
Fellow Program, with six positions in the fast academic year, 1999-2000. This 
program has increased to include ten theorists and one experimentalist in the 
current academic year, 2001-2002. Beginning this year there is a new RIKEN Spin 
Program at RBRC with four Researchers and three Research Associates. 

In addition, the Center has an active workshop program on strong interaction 
physics with each workshop focused on a specific physics problem. Each 
workshop speaker is encouraged to select a few of the most important 
transparencies from his or her presentation, accompanied by a page of explanation. 
This material is collected at the end of the workshop by the organizer to form 
proceedings, which can therefore be available within a short time. To date there are 
thirty-four proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center on February 19, 1998, was completed on August 28, 
1998. 

T. D. Lee 
August 2,200l 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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The sixth meeting of the RHIC Spin Collaboration (RSC) took place on Oc- 
tober 1,200l at Brookhaven National Laboratory. RHIC is now in its second 
year of operation for physics production and the first polarized proton col- 
lision run at fi=200 GeV is expected to start in eight weeks. The RSC 
has developed a-plan for this coming run through two previous meetings, 
RHIC Spin Physics III (August 3, 2000) and IV (October 13-14, 2000). We 
requested the following: 
l two weeks of polarized proton studies in AGS 
l three weeks of polarized collider commissioning, and ’ 
l five weeks of polarized proton physics run. 
As a result, we have obtained all we asked and the above plans are imple- 
mented in the current opearation schedule. 

The focus of the present meeting was to bring all involved in the RHIC 
Spin activities up-to-date on the progress of machine development, theory 
issues, and experimental issues. This meeting was right after the Program 
Advisory Committee (PAC) meeting and it started with the comments on the 
PAC discussion by Gerry Bunce, who was informed about the PAC delibera- 
tions by Tom Kirk. The PAC was fully supportive to complete the proposed 
spin program within the currently available budget for RHIC run 2 opera- 
tions. Gerry further explained the expected luminosity to be J Ldt =0.5 pb-l 
per week, reflecting the current machine status. The introductory session also 
had a talk from Werner Vogelsang that reviewed the progress in perturbative 
QCD theory focused on spin effects. 

Following the introduc‘tion, the meeting had three sessions to present and 
discuss the detailed status of the acceleration complex required for the spin 
program, the polarimeters that will be used to measure the beam polariza- 
tion, and the experiments that will make measurements to obtain physics 
results from the first polarized proton collisions. All of the talks were ex- 
tremely stimulating and indicated a good state of readiness for the upcoming 
collision program with polarized protons. Because the information content 
was so high, this volume contains complete copies of the transparencies from 
all of the talks. 

There were many highlights from the meeting. This summary selects only 
a few that are particularly encouraging. 
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l The optically pumped polarized ion source is achieving its goals of 
delivering 200 PA of polarized beam with polarization in excess of 75%. 

l The AC dipole for RHIC, that will be used to induce rapid polarization 
reversal of the beam stored in ,RHIC, is ready for installation. A plan 
for completing its installation and its commissioning was presented. 
When completed, the AC dipole will allow independent polarization 
reversal of the RHIC beams, thereby playing a pivotal role in controlling 
systematic errors in spin asymmetry measurements. 

a Polarimeters are in place in both the Blue and Yellow rings. The po- 
larimeters will measure recoil carbon ions from proton+carbon elastic 
scattering at very small ItI in the vicinity of the Coulomb-nuclear in- 
terference (CNI) maximum in the analyzing power. 

These encouraging developments suggest that the goals of the tist polarized 
proton run can be accomplished. 

Several issues regarding the longer term goals of the RHIC spin collab- 
oration remain to be resolved. A primary concern is the calibration of the 
CNI polarimeters, to achieve accurate measurements of the beam polariza- 
tion magnitude. At the end of the meeting, it was discussed that a one day 
meeting of the RSC will be organized for a date in November to discuss 
methods of calibrating the RHIC beam polarization. Furthermore, bi-weekly 
meetings of the RSC will be held to review progress and to discuss outstand- 
ing issues in the remaining time before the start of the first polarized proton 
run. 

We are grateful to Ms. Tammy Heinz and Ms. Pam Esposito for their 
extremely efficient help throughout the meeting,’ and in preparation of these 
proceedings. Without their help it would not have been possible to hold 
this meeting, especially because both of us were taking shift during most of 
the preparation time. We thank RIKEN BNL Research Center for gener- 
ous support for this meeting and Department of Energy for the supporting 
facility. 

L.C. Bland and Naohito Saito 
8 October 2001 



RHIC Spin Plan 

Gerry Bunce, RBRC and BNL 

RHIC Spin Collaboration Meeting, Oct. 1, 2001 

This presentation was an introduction to an excellent meeting, 
discussing the plans for the spin program, set to start next month. 

The running plan starts with tuning the AGS for polarization, 
where we have a dedicated 2 weeks scheduled from the beginning of 
November. This work will occur during heavy ion fills in RHIC, and 
the goal is to reach 50% polarization at the RHIC injection energy. 
The heavy ion to pp changeover is scheduled for Nov. 19-23, and we 
discussed the work and required time during the presentations. The 
pp and polarized commissioning is scheduled for the 3 following 
weeks. Then the first polarized proton collision physics will start. 
Five weeks are scheduled for polarized collisions at 100 GeV x 100 
Gev, Pbeam= 50%, luminosity 4 x 103’ cmW2s-‘, 1.5 pb-’ per week. The 
agreed split is I week/l 5 pb-’ transverse spin, 4 weeks/6 pb-’ 
longitudinal spin. 

The second transparency addresses the likely luminosity, listing 
a number of “real world” factors, compared to “design”. The 
conclusion is that 0.5 pb-‘/week would be a more achievable (but 
perhaps still difficult) goal. The split transverse to longitudinal will 
need to be decided depending on success and circumstances. 

The third transparency lists issues. Many of these items were 
addressed very positively at the meeting. The last item, preparations 
and plans for the future, will need to be the focus of a future meeting. 
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Theory topics 

in year-l and beyond 

Werner Vogelsang 

RIKEN-BNL Research Center 

and Nuclear Theory, BNL 
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I. Introductioii : “Basic theory” 
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. . 
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I. Introduction : “Basictheory" 

polarized DIS : 

Wr(P, q, S) = i M F’p=qp dx, Q2) + ‘dpd - pdsd 

(P cl>* 
g2(x 7 Q2> 

Parton model : 
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map of nucleon spin structure at leading power ! 
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.I 1 : a(4 L G J dl-eiEmxP+ (P,Sl$(O)~+$ (0,~~,01) IP,S) 1. 
: . . . . :,. . . ..,.:..-- . ..A i 2. 4 .i. . _ >\n...n.\.-.,-~. :..:‘:.:-~q,.i.,r:;,::..,?.:,.:, :“:.:i; ~~“~:~~:~~i:~:,y,:y 

; Aq(x) =. -J-& J dJ-- eic-xp+ (P9 Sliw) 7+ 75 @ (0,5-, 01) Ip, s> 

; sq(x> = -& Jdt-e"crzP+ (P,sI+(o)Y+~L~~+ (o,~-,Q IP,S) 

,._. . . 2.‘. ..; 

‘K::.,.:f: ,:$,l:. : 

: In full QCD : 

0 definitions of pdf’s (essentially) same 

l gluon distributions N F.T.(G+j Gs~) etc. 

l inA+- - 0 gauge; to be made gauge-invariant 

0 “moments” w local operators, 

e.g. Ji di A&t) a <Rs lFYPY5 QI es) 

0 operators involved require renormalization 
+ scale-dependent q(z, p), . . . : “evolution”’ 

0 definitions vital in proofs of factorization 
theorems 

0 a measure of nucleon structure ! 



Collinear factorization : 
(St’erman,Libby; Ellis et al.; Amati et al.; 

Curci et al.; CoIIins,Soper,Sterman; Collins) 

Hard scale (A4 = Q, pi, ~HQ, . . .) 

d”AB+C(M)X = 
cl ijk 

dx dy dx fi/A(x, P) fj/B(Y, P> 

x d6ijk(xPA, YPB,-%IX, PL, as(P)) DC/k(z, P> 

. l . up to inverse powers in hard scale M 

12 



0 pdfs are universal : same in all reactions 
(holds separately for unpolarized, 
longitudinally pal., transversity) 

0 * notion of “nucleon structure” meaningful 

. l allows tests of QCD 

l enables us to iook for / study new things 

- fragmentation (spin) effects 

- polarized photon structure 

- physics beyond the Standard Model 

l scale ,U is arbitrary; should be - A4 

d 

pck-J 
-dQB = 0 

at finite order, residual scale dependence; 
to decrease with each new order of PT 

13 

a partonic cross sections d%ijk are 
perturbative, and predicted by QCD 



Example : 

scale dependence of unpolarized cross sections 

relevant for measurements of gluon density 

HERMES 
(hadron pairs) 

1 E’k (dir. y) 

- RHIC (dir. y) - 

/ I 
eRHIC (1 -jet) / 

CDF (dir. 7) 

0 I I II I , I III,, I I I III,, 

0.5 1 5 10 50 100 

pGbs (GeV) 
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.,: : :. ,:,);’ 7 

,:: ‘.;‘ ..::..:. ::, 
.:.- 

II. ATL at RHIC 

High-pTjets at the Tevatron : 

l- 

10-l - 

1O-2 - 

-3 
10 

-4 
10 

-5 
10 

0 1994-95 

0 1992-93 

NLO QCD prediction (EKS) 

cteq4m p=E{2 R&.3 

Statistical Errors Only 

-6 
10 ( , I,, I,,, I I I I I I 1 I I I , , I / I I I I I , I I 1 ! 

50 lb0 150 200 250 300 350 400 

Transverse Energy (GeV) 

(among other things) 
l source of information on gluon density 
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Jet production at RHIC : 

Spin asymmetry 

A.kt = da++ 
-do+- _ dAo 

LL 
da++. + da+- = da 

gives access td ng : 

.,. 

2 

0.04 - 
/ / / GRSV maxg 

/ , / / / / / / 

20 

NLO (de FIorian,Fri 

30 

??T cGeV) 

40 

xione,Signer,W..V.) 
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0.06 

ATIJ 
0.05 

leading pions as jet surrogates : 

0 useful at lower energies 

0 can go to lower pT (- few GeV) 

0 do not require “47~” angular coverage 

Pion production .at RHIC 

spin asymmetry sensitive to Ag : 

0.04 

0.03 

0.02 

0.01 

0.00 

I I I 

- L=5/pb 

GRSV-max __--cH- 
/ . -I . / / 

--- _--- I 
/ 

/ 
/ 

/ 

I 
I 
I 

I I I 
0 10 20 30 

PT / GeV 
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Scale dependence 

I I I J 

1.4 F La *....**-* 
*....-*- *....**- **....-**- 

Nlo_ 

; r 
F 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I I I 

PT / GeV 

0 same in polarized case ? 
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..9:. .: (;;.-L. 

p:.‘...-.~l’~l .‘i 

:‘_ .:’ ,I y,... .: 

,:. . . . . . .._...... 

:’ .;. ‘. 

:, “...;:.::,.‘: 

1:;; ?‘,. :: 

. ,;. :&++ 

.,:.:‘“. 

: 

. . . 1 

. :, :i’ :::“.: ::;;.; :;; .: 

.,. . . .._. ..,i’ . . . 

. . . . 

0.06 

0.05 

.Y 
.A> 
.I.. 

0.04 

0.03 

Spin asymmetry and fragmentation fcts. : 

PT / GeV 
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Comparison to data from unpol. colliders : 
KniehI,Kramer,Piitter 

102 

101 

100 

10-l 

10-2 

10-3 

10-4 

10-5 

t&II 'II"'("" Ill1 I I I I 
=0 
-0 

- ge\ 1800GeV E 
I6= 630GeV 5 6=630GeV 1 

0 4 6 

??T LGeVl 



III. ‘“Global analvsis” 

To learn from data need to efficiently evaluate 

0 a lesson from unpolarized case 

l need “global analysis” 

- input pcifs at scale ~0 in terms of ansatz 
with free parameters 

- evolve to scale p relevant to a data point 

- compare to data and assign x2 value 

- vary parameters and minimize x2 

0 requires typically 1000’s of evaluations of 

the cross section 

l want 5ijk at order “as high as possible” 

- theoretical uncertainties decrease 

- but already NLO often numerically 
involved and time-consuming 

l very hard to reconcile I 

21 



unpolarized case : 

0 

l 

0 

gross features of pdfs known 

often ok to use LO -+ NLO ‘IT’ 

even here, not always the case 

(gluon distribution at large X) 

factors 

polarized case : . 

l pdfs known with much less accuracy 

l pdfs and .partonic cross secti 
may have zeros ! 
+ locally large NLO correcti 

ons 

ons possib le 
(bad convergence of fits based on K fact.) 

l want fast and practical way of using exact 

higher-order cross sections in global fits 



“Mellin technique” 

Moments of a function f(x) : 

s 1 f ?2- - - 0 dx x-l f(x) 
Consider general cross sec. for producing final 
state H with observed variable 0 

x fa(xa, PF) fb(xb, PF) @(-%T pk) 

d”b (Xa-?A, XbpB, pH/% T, PR, PF, t+> I 
x dOdT 

Express pdfs by their Mellin inverses : 

d7-L qy-v,n(/-w> 
n 

fb(“b#F) = & s, dmx;mfbm(pF) 
m 

23 



0 $&2, m, 0, pR, pF) is cross section for 

“dummy” pdfs 5~;~ x zarn 

0 contains all tedious integrations 

i(~~~)..:.‘..:~)i;~~,,‘,~~~~,..., 

l can be pre-calculated on a su.itable 
grid in n,m 

0 for optimal contours, 

exponential decrease of . 
-n 

xa yxa -m along contours 1 

l pdfs fall off at least as 

fast as 1/1~21~, 1/17-711~ 

Finally, v, m integrations are all that’s left. !. 

24 .‘- -. .-.-. .--__ ..,. xI ..,,, ., _ ,,-- -“. ,: .., . ,.. 



Example : Prompt 7 at RHIC 

.. ..’ ,.a 
;.. 

dA%zb = + . . . 

Toy analysis : 

l NLO, Scales &7 = pR =pT 

0 *-Js = 200 GeV, [VI < 0;35, isolated cr.. sec. 

l “fictitious” data points at 

PT = 1!2.5,17.5,22.5,27.5,32.5 ‘GeV 
talc. with GRSV $ random Gaussian 1~ shift 

l fit to DIS and prompt photon “data” 
ans.atz for gluon density : 

l perform large number of fits; 

allow for Ax* = 4 to obtain “error band” 

25 



Accuracy of method : 

1.1 

s 
.z 1.05 
2 
8 

0.9 

A 

* * * * A * A A A h 

-0 O o-- o 0 
A 0 

0 A-- 0 

- l 64x64 grid 

A 56x56 grid 

0 48x48 grid 
0 

1 t I 1 . I I I 1 1 1 I I 

15 30 15 30. 15 
PT WV1 

30 

Evaluation of cross section extremely fast : 

l generation of grids in n;m takes N 5 hrs. 

l after that : 

1000 evaluations of cr. sec. in N 10 sec. 
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0.2 

AY LL 

0.1 

0 

(a> 

Ag”(pJ = 0.8 (DIS only) . - - 
. - 

. * 
. - . . 

n 

- . . . - - . . . - . . . - . . . 
NLO Ag’(l*,)‘=’ * * ’ * -0.8 (DIS only) 

11 11 I In I1 t I I I, I I I I ,,I,,,, 1 

10 15 20 25 30 pT [GeV135 

. . .“I 
. .a.. 

. - . . . . . . 

- * . . . 

- . 

* . 

(W 

* . 

1 
. - Ag’(Q = 0.8 (DIS only) 

. . . . . 

prompt-y data * * . 

200 Gev - - - - * - . . 

. . 
. 

- . 

. - 
. - 

f - . . . . . 
. . . 

&‘(/-+J = -0.8 (DIS only) . . . ’ ’ 
-2 - . - . - NLO 

. - - 

0.5 
X 

(further constraints by data at a = 500 GeV) 
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.V. Transverse two-spin asymmetries 

.: 
:._ 

‘.. 
. . ./ Factorization formalism valid for cross sections 

with two transversely polarized beams (Collins) 

l involves transversity densities 

.- ..: 

l probably not preferred way of measuring 6~; 
promising : “interference fragmentation fcts.” 
(Jaffe,Jin,Tang; Grosse-Perdekamp et al.) 

Re-emphasize : ATT is expected small, ‘l&y << ALL” (Jaffe,Saito) 

l Drell-Yan process in (pi? : 
- presumably @(z) small 
- in addition, low rates 

l dir. photons, jets, inclusive hadrons,... : 
- no gluon transversity, however, gluon 

contribution to unpolarized cross section-! 
- relevant hard scattering cross sections 

typically color-suppressed 
- Soffer’s inequality limits size of 64 

+ rates can be substantial 
3 small asymmetries may be measurable 
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Estimate “maximal” A$--,-, based on 
Soffer’s inequality : 

O.OSl I I , I I I I I I I I I I I I I I I I I I I I I 

: :y .:. 
-0.35<1771<0.35 

/ / / / . 
/ 

/ 
/ 

/ 
/ 

/ _...-- 
/ . . . . . _ . . . . . . -.- 

0.00' ' ' ; ' .I. I I I I 1 I I , I I I I 

0 5 10 15 20 25 30 

(dotted : wwo) = &l(?Po)) 
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lusive jet production : ATT in single-inc 

(a = 500 GeV) 

0.005 r 1 , 1 ( 
Ill, I I I I I,, 

-1<?7<2 

0.000 I 1 M=j=ff ,.I, 1, I I I / / I I II 

0 20 40 60 80 

PT cGeV) 

(de Florian, Stratmann, WV) 
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::: . . i’ 

. ,... ;:,;.. . . 

.,: ,, 

._/’ 

,- :~~“&,x * .: 

; . . 
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.. ..i : 

ATT for prompt photon production : 

(8 = 200 GeV) 

-0.35+1<0.35 

;I 

I 

-0.01 I I I I I I I I 1 I I I I I I 1 I 

0 5 10 15 20 

(Soffer, Stvatmann, WV) 
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VI. A: at RHIC 

‘0 sizable AN seen in fixed-target expts. 
E581/704... 

l pQCD : AN to vanish at leading power 
(Kane,Pumplin,Repko) 

Qiu & Sterman : can AN be understood as a 
- 

nonleading-power effect in pQCD ? 
l prove factorization to first non-leading power 

in unpol. / pal. hadron?hadron collisions 
(earlier work in DIS : Vairlstlteirl,S111!ryak.; 

Eiiis,Furrl~arlski,Pet:rorItio; Jaffe,Soldate; Qiu) 

l typical structure for AN is : 

+ other terms + higher power corrections 
‘pp” 

0 factorization * universality 

0 interference +- interpretation not easy 
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0 gluon propagator : 

0 argue 

d 

l calculable short-distance cross sections : 

0 no evolution yet 

l other approaches : 
- Sivers, Anselmirlo et al.; Boer et al.; Leadef... 

kL--dependent distribution/fragmentation fcts. 
- @m7s et a!. 
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p/2001 Polarized Proton Commissioning 

W. Mackay 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKEN BNL Research Center, Brookhaven National Laboratory 
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‘;’ 

. .-. 

_’ ‘, ‘, 

k Layout of Accelerator complex. 
AM Goals for FY2001 Run. ; 
~lnr Setup for Snake Charming. ? 

~lnr Ho&. the snakes work. 
d 2 + 1 snake ramp for longitudinal polarization. 
JM Schedule 

RHIC Spin Collaboration 
1 October, 2001 

RHIC pC Polarimeters 

70% Polarization 

2 x 10’1 Pol. Protons /Bunch 
=2Onmmmrad 

200 MeV Polarimeter AGS Internal Polarimeter 
y Rf Dipoles 

36 

RHIC Spin Collaboration 
1 October, 2001 



: ._ ._ ‘. ._. ‘B Go&ls. fix FYZOOI. Run 8 .j 

& 2 PC-CNI polakmeters (1 per ring) installed.f 
ti 4 sn,&es (2 per ring) instalkd.d 
AU s power supplies (2 per snake). 

0 installed.J 
0 not yet operational. 

-nn~ Provide 100 GeV x 100 GeV collisions with long. pol. at all IR’s. 
l Hope to achieve at least 50% polarization per beam. 

-nn~ .Accelerate polarized protons to 250 GeV. 

BROOdEN 
NATlo,NaL LABORATORY 

RHIC Spin Collaboration 
1 October, 2001 

Gr 
7 
U (total energy) 
PI4 
Idipole 

InjectiOn 
46.5 
25.9364 
24.3354 GeV 
81.1138 Tm 

473.923 A 

Nominal Store 
192 
107.0922 
100.4817 GeV 
335.1561 Tm 

1954.18 A 

Top Energy 
477.6991 
266.4472 
250 GeV 
833.9044 Tm 

5067.303 A 

(G = 1.7928474 me2 = 0.93827231 GeV c = 299792458m/s) 

BROO &‘&EN Nfc 
RHIC Spin Collaboration 

SATlONAL LARORATORY 

1 October, 2001 
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,._. 
Systems to commission: ,. 

I. 2 polarimeters (yellow, and new electronics for. blue). 
2. ac dipole (spin tipper) 
3,. 4 snakes (8 power supplies): orbit; spin 
4. phase-locked loops for betatron-tune control 
5. polarization info transfer to experiments (CDEV) 
6. injection pattern program (new version) 

New ramps (p* = 10 m): 
1. acceleration Gr : 46.5 .+ 192 (all snakes on) 
2. deceleration Gr : 192 + 46.5 (all snakes on) 
3. at fixed field 2 + 1 snakes at fixed energy 
4 possible cammissimi:ng~ &B-squeeze at WC) G& 

BROOlCfGL 
NATIOJML LABORATORY 

RHIC Spin Collaboration 
1 October, 2001 

Orbit correction: 
l Locally correct the orbit at snakes. 
* Flatten vertical orbit in ring (a,gO.2 mm). 
l Keep orbit flattened during the ramps. 

Energy ramps: 
o May have to ramp snakes slightly with energy (“6 A). 
o Ramp local corrections to snake orbits? 

(First snake required 0.18 mr vertical correction at injection.) 
l First try with constant currents in snakes. 
l Decelerate beam back to injection energy. ’ 

Polarimeters: 
o Vert polarization with both snakes at injection. 
l Horiz polarization with single snake at storage 
0 Measure polarization during certain intervals during energy ramps. 

.A7 
BROOKBikl#EN 

RHIC Spin Collaboration 
1 October, 2001 

SATIONAL LABORATORY 
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BROOK&i&N 
NATlO,N&L LABORATORY 

00. 

23 

z 0 

P 

-2s . 

do. 

10 

5 

0 

-5 

40 

< 

RHIC Spin Collaboration 
1 October, 2001 

d Inject vertically polarized protons with both snakes on. 
E N 24.3 GeV (Gr - 46.5) 

d Accelerate beams to 100.48 GeV (Gr = 192) 

ti Turn off one snake in each ring: polarization + horizontal plane. 
(Long. Pol. at IR’s.) 

BBOOKfii&EN 
NATIONAL LA11”RATORY 

39 

RHIC Spin Collaboration 
1 October, 2001 



The rotation axis of the 
snake is qS, and p is the 
rotation angle. 

Note that the (b con- 
tours shift slightly . 
from injection (red) 
at 25 GeV to storage 
(pink) at 250 GeV. 

-60 

-50 

-40 

-30 

-20 

-10 

-3 

B1 CT1 
-2 

RHIC Spin Collaboration 
1 October, 2001 

Spin tune with two snakes 
[PI, 411 ad [IQ, 421 on opposi+ 
sides of ring: vSp = 6/2n where 

6. 
cos - 2 = cos &ff cos $- cos Gy?r - sin F sin $ ~os($~ - $1). 

and G = y = 1.7928 for protons. 

For /Lo = x, 
6 

cos - = 
2 

- sin $ cos(& - &), 

vsp = 0.5 for either 1~2 = 0" or c#+ - 43, = 90”. 

BROOK&&EN 
SATtONAl. LABORATORY 

40 

RHIC Spin Collaboration 
1 October, 2001 



Two snakes: 
l Set two snakes in one ring for best guess at ,!~1,2 = 180” and 9+,2 = 3~45”. 
l Adjust currents to move along /-L = 180’ contour to have A+ = 90” 

(% = 0.5). 
We can assume equal but opposite currents for the 2 snakes. 

2 * 1 snake ramp: 
l Ramp down one snake and measure horizontal polarization. 
l Do energy scan through at least one full unit of A(G7). 

This should give a calibration of energy vs current. 

BROOKfii&W 
NATly,NAL LABORATORY 

RHIC Spin Collaboration 
1 October, 2001 

BROOK&lEN 
SATIONAL LA8”RATORY 
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Snakeone Snaketwo 
?prn~ my& phh mu2 phl2 cc4pPnu) nu l-ml au2 

180 45 o.ooou 0.5ooo 0.5400 
192 175 45 170 38.5 -0.1089 0.5347 0.4653 
192 170 -45 180 34 -0.1721 0.5554 0.4450 
182 185 -45 150 30 -62141 0.5667 0.4313 
192 160 45 140 26 -02419 0.5778 0.42z 
IQ2 160 -45 130 23 -02610 o.!5edo 0.4160 
IQ2 160 45 129 20 -02736 0.5882 0.4118 
IQ2 160 -45 110 17.5 -02723 0.58m 0.4120 
192 160.5 -45 100 15 -02686 0.5886 0.4134 
192 162 -45 90 13 -02535 0.5a3e 0.4164 
192 164 -45 80 11.5 -02447 0.5787 0.4213 
IQ2 186 -45 70 IO -02267 0.5726 0.4272 
IQ2 168 -45 60 8.5 -02053 0.5.%33 0.4342 
192 170 45 50 7.1 -0.1796 0.5575 0.4425 
192 172 -45 40 51 -0.1506 0.5481 0.4519 
IQ2 174 45 30 4.4 -0.1176 0.5375 0.4625 
IQ2 176 -45 20 3 .0.0818 0.5261 0.473s 
192 178 45 10 1.5 -0.0426 0.5136 0.4x4 
182 18045 0 ‘0 -0.oooa0.5ooo0.5o4M 

i'gmm; try& 5f.i ml", phi2 cdpi*nu) M l-ml case3 
45 o.ooao 0.5ow o.!xoo 

192 175 -45.8 170 23.5 -0.0945 0.5301 m6!39 
192 170 46.7 160 34 -0.1440 0.5460 0.45,0 
192 165 -47.5 1-w 30 -0.1735 0.5555 0.4445 
192 160 -46.3 140 26 -0.1805 0.5510 0.43Qo 
192 160 -49.2 130 23 -02ooo 0.5641 0.4359 
192 160 -50.0 1M 20 -02649 0.56570.4343 
IQ2 160 -50.0 110 17.5 -02oQl 0.5671 0.4329 
192 160.5 -50.0 loo 15 -02102 0.6674 0.4326 
192 162 .w.o 90 13 -02065 0.5662 0.4338 
192 164 -50.0 60 11.5 -0.1971 0.5832 0.4368 
192 166 -50.0 70 IO -0.1848 0.5592 0.4408 
192 168 -50.0 al 8.5 -0.1693 0.5541 0.4459 
IQ2 170 -50.0 50 7.1 -0.1497 0.5478 0.4522 
192 172 49.0 40 5.7 -0.1316 0.5420 0.4580 
192 174 -48.0 30 4.4 -0.1071 0.5342 0.4658 
192 176 -47.0 20 3 -0.0772 0.5246 0.4754 
IQ2 178 -46.0 10 1.5 -0.0415 0.5132 0.4963 
192 180 -45.0 0 0 -o.oooa 0.5ow 0.5ooo 

RHIC Spin Collaboration 
1 October, 2001 

i. 
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G-y= 192 = 3 x 64 
601. at IR’s may be 7” from long. 

cos(7O) N 0.999998. 

For 9 = f0.001 

STAR/BRAHMS: CQ, [cos ae] 

32 x % x 360” = f12” [0.98] 

PHENIX: 

64 x % x 360’ = f23’ [0.92] 

PHOBOS: 

96 x $’ x 360” = f35O [0.82] 

Polarization in Blue Ring with One Snake On 

Note: Effect of momentum spread degrades polarization by a few percent. 

BROOK&&EN 
RHIC Spin Collaboration 

NATIONAL LABORATORY 1 October, 2001 

L 13 J 

B (A m.bj.tious) Sc.hedti.fe 8 
d -3 weeks before end of Gold run: 

tune up injectors with pol. protons. 

d -3 weeks of commissioning pol. protons in RHIC. 
d -5 weeks of collisions with pol. protons. 

BROOKdikN 
SATIONAL LAIIORATORY 

42 

RHIC Spin Collaboration 
1 October, 2001 



!=78kHzx 
lOI1 x loll x 55 

2 x 2x1F&J m x 10 m 
(Here p* = 10 m for scaling.) 

- 1 X 103* cms2ss1 - 

l For the energy ranips we, want equal and constant /3* at all IFL’s. 
o We plan injection studies to see if ,0* =3 m works at PHOBOS. 

0 Can we accelerate 55 X loll protons per ring? 
o So far with gold, we have reached only - 30% of design intensity. 

RHIC Spin Collaboration 
1 October, 2001 
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Optically-Pumped Polarized H - Ion 
Source for RHIC Spin Physics 

A. Zelenski 

A.%elenski1~2, L41essi1, 13.Bris@oe1, G.Dutto3, 
H.Huang’,A.Kponou’, S.Kokhanovski2, V.Klenov2, 

A.Lehrach’, P.Levy3, V.LoDeqtro’, Y.Mori4, 
M.Bkamura’, D.Raparia’,J.Witter”, T.Takeuchi5 , 

G.Wight3, VZoubets2 

1 - Brookhaven National Laboratory, USA 
2 - INR, Moscow, Russia 

3 - TRIUMF, Canada 
4 - KEK, Japan 

5 - RIKEN, Japan 

PST 2001 
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Polarized proton collis’ions in RHIC 

RHIC pC Polarimeters 
\ 

70% Polarization 

&=50-k 500 GeV 

BRAHMS&PP2PP!jf) 
Absolute Polarimeter .(6 jet) 

8 
2 x lo1 * Pol. Protons / Bunch 
&=20n;mmmrad 

- 

i-4 

200 MeV Polarimeter AGS Internal Polarimeter 

BROOKWWEN 
NATlOh’AL LAl3OKAl’OKY 



_ . 

The polarized RHIC injector layout 

750 
keV 

H-MINUS SOURCE 



1. Reliability. 
Maintenance. Downtime. 
fiscbUp. 

2. Stability. ’ 
Current fluctuations, drift. 
Sparking. 
Constant polarization. 

3. Performance. 
Current 206 UA at 200 MeV. 
Polarization > 75% at 200 MeV. 

% 4 00 

00 % P 

4. Control and monitoring. 
Polarization direction. 
On-line polarization monitoring. 

48 
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NOZZLE 

-COLLECTOR 
120°C 

‘-SOLENOID YOKE 

DELRIN INSULA’T 
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TRAP N 

RETURN LINE 
200°C 
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iSODIUM - JET IOlVIZER CELL ._ I: ‘; 
FEATURES 

1. Low sodium losses for a large ( 3.0 cm ) eelI 
aperture diameter 

2. The ionizer cell can be biaskd to - 32,O kV, 
for producing of a 35.0 keV H- ion beam 
ready for injection to RFQ 

3. The H’ polarization is ltl&her due to: 

a). Na vaDor is comDletelv conmd within 1.4 kG 
ionizer magnetic field 

b). Na vapor density in the Rb neutralization cell 
is reduced 

c). energy separation of the ions produced outside ? 
the ionizer cell 

d).B fdr the spin-transfer collisions can be 
set optim for efficient polarization 

(about 3.0 keV) transfer and ionization without 
the current losses 

. - 
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29 36 31 
&Tlc~o:3energ; (KeV;5 

H- beam polarization at 200 MeV vs RFQ injection energy 
P kQti )t 1’ O8 

A. Zelenski PST 2001 



7.6 ICI 12.5 1.5 17.5 20 22.6 : 5 

Rb vapor thickness x 10” 

The proton beam polarization in Lamb-shift polarimeter vs 
the optically- pumped Rb vapor thickness 

A. Zelenski PST 2001 
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,,,I ,111 ,,,I 
Y I 

\ 

The polarized H - ion current pulse: top trace-the OPPIS 
beam at 35 keV energy; bottom trace - the 200 MeV 
beam current. A vertical scale is 0.2 mA/div, a horizontal 
scale is 100 us/div. 
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BROOKHAVEN NATIONAL LABORATORY 

PROPOSAL l’NFORaMATION QIJESTONAIRE 

LABORATORY DIREZTED RESEARCH AND DEVELOPMENT 

PROGRAM 

PRINCIPAL INVESTIGATOR : A. ZELENSKI PHONE : 334-8387 

DEPARTAMENT: CAD DATE :March 22,200l 

OTHER INVESTIGATORS: J.Alessi, M.Anerella, SKokhanovski, A.Kponou , 
V. LoDestro, H.Huang (BNL), 
VKlenov, V. Zoubets QNR, Moscow), V. Davydenko (BINP, Novosibirsk) - 
collaborators 

TITLE OF PROPOSAL : FEASIBILITY STUDY OF A 20-50 mA 

POLARIZED H - ION SOURCE FOR HIGH-ENERGY COLLIDERS 

PROPOSAL TERM : OCTOBER 200 1 TO : OCTOBER 2003 

S-Y OF PROPOSAL 

The objective of this LDRD project is a proof of principle of a very high intensity 
polarized H- ( D ‘) ion sources, based on spin-transfer collisions between atomic 
hydrogen beam ( of a 1.0 - 5.0 keV energy) and optically-pumped alkali -metal vapors. 
The advantage of this technique is that atomic beam intensity is not space-charge 
limited, therefore an atomic H beam intensity of about 500 mA equivalent current 
through the polarizing cells was already demonstrated. With a 10-l 6 % ionization 
efficiency in the sodium or rubidium ionizer cell a polarized H- ion current of about 20- 
50 mA can be achieved ( some beam losses occur in the intermediate helium gaseous 
ionizer and optically pumped Rb cells). Favorable results in obtaining a high (m 
excess of 80% ) nuclear polarization in the spin-transfer collisions would finally solve 
the problem of a polarized beam injectors for high-energy accelerators and colliders. 
The first application will be the polarized beam intensity increase for future polarized 
RHIC luminosity upgrade and also for eRHIC proposal . 
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Calibration of the 200-MeV Linac 
Polarimeter 

E Stephenson 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKEN BNL Research Center, Brookhaven National Laboratory 
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Calibration of the 200-MeV Linac Polarimeter 
E.J. Stephenson, and R.M. Toole, Indiana University Cyclotron Facility 
H. Huang, K. Kurita, and A. Zelenski, Brookhaven National Laboratov 

In response to concerns about the calibration of the p+Carbon scattering used 
routinely to measure the polarization of the 200-MeV proton beam at the BNL linac, we 
undertook a recalibration based on the precise analyzing powers for p+d scattering 
determined at IUCF. When the recoil deuteron is observed at 0=42.6E, the analyzing 
power is known to be A=0.507K0.002. The objective at BNL was to make a setup for 
the linac that would generate a clean sample of p+d elastic events. IUCF provided the 
target material and the deuteron arm detectors. The proton arm detectors were taken 
from the 1 GE-detectors from the p-tC polarimeter. 

Several modifications were made to the setup used at IUCF to handle the large 
instantaneous rates from the pulsed beam at BNL. Each arm (p and d) had two 
scintillators required to be in coincidence (4 total). In front of these scintillators, 
aluminum absorbers removed lower energy protons. The thickness was chosen so that 
the deuterons stopped in the second scintillator on that arm. Behind this scintillator, a 
veto scintillator was installed to remove higher energy protons. The coincidence timing 
between the arms was 15 ns. Thresholds were adjusted to be just under the pulse heights 
of the p+d events. In this configuration, a 20 pA linac beam gave a random coincident 
rate in this system that was lo-20% of the real p+d rate. 

Figure 2 shows a cross section of the original IUCF polarimeter with only single 
detectors on each arm. The target was a CD2 polyethylene.foil. An absolute polarization 
standard was provided by double scattering using the K600 magnetic spectrometer and its 
focal plane detector. The resulting calibration between 80 and 200 MeV is shown also. 

Figure 3 contains’s scale drawing of the proton and deuteron arm layout. CD2 
foils were mounted on the target ladder drive along with a pure a pure carbon target. The 
calibration involved making measurements with this new setup for p+d scattering 
interspersed with p+C scattering at 12E. Sample data is shown in Fig. 4. Note cuts on 
energy. Peak sums were taken from the time spectra. ’ 

Figure 5 shows a plot of the p+C analyzing powers as a function of the laboratory 
angle. The solid curve is the angular distribution reported by McNaughton at 200 MeV 
for proton inclusive scattering. The two open points are the original calibration, 
completed at IUCF in 1982. At that time, mounting difficulties required that a sideways 
polarized beam be used, and this made an accurate transfer of the calibration from lower 
energy scattering from 4He difficult. The errors on the original calibration are statistical 
only. The new calibration value for p+C scattering (A=0.576K0.013 at 12E) is shown by 
the solid point. This value is 8% below the old calibration, a change that will be reflected 
in linac beam polarizations that are higher than before. The beam current during the 
calibration was limited to 20 PA because of random pileup in the p+d scattering 
detectors. The error bar reflects the statistics obtained for p+d scattering and at present is 
not limited by our knowledge of the reference analyzing power. 

Further improvements are possible with additional running time. This may 
become available during the upcoming RHIC polarized proton running period. For this, 
pulses from the linac could be shared with this polarimeter and the calibration taken 
during normal proton production running. 
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Recalibration of 200-MeV Linac Polarimeter 

H. Huang, K. Kurita, and A. Zelenski - BNL 
R. Toole (REU student) and E.J. Stephenson -- /UCF 

0 biective: 
Recalibrate 12%-detector system on p+C linac polarimeter 

Use p+d scattering as analyzing power standard. 
(A = 0.507 0 0.002 for deuteron recoil at elab = 42.6~ 

IUCF provides CD, target material and deuteron arm detectors. 
BNL provides stands and alignment help, electronics, data acquisition. 

Attempt to observe clean sample of p+d elastic events: 
(plastic scintillation detectors) 

observe both deuteron and proton 
use multiple detectors on both arms (IUCF had only one) 

proton arms are actually old 16m p+C detectors 
use one detector on deuteron as a veto 
make timing coincidence tight 
use absorbers on both arms to reduce lower energy rate 
set high thresholds on scintillators 

(if clean enough, count events in scalers) 
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Calibration of beam line polarimeter at IUCF 

Polarimeter used CD, target 
and p+d elastic scattering. 

PROTON 
(RIGHT) 

DEUTERON 
(LEFT) 

HOTOMULTIPLIER 

SCINTILLATOR 

SCALE (cm) 

BEAM 

BRASS 

The calibration made use of double scattering 
in the K600 spectrometer and focal plane 
polarimeter as the absolute reference standard. 
At 200 MeV, the p+d analyzing power is known 
to better than 0.5% absolute. 

Cnl I MATAR ----.. ..,,. -. . 

0.48 I I I I 

80 120 160 200 

proton beam energy (MeV) 

A= 
0.507 
00.002 

I- -l 

PROTON 
. WW 

PLAN: Duplicate the critical geometry at the BNL linac, 
then set up a system to extract only p+d elastic events. 



Setup at the BNL linac . I 

1 

/ I 
/ 

/” 
Aluminum absorbers were I rcf 
used in front of each arm to / >(*, deuteron arm * 
reduce the rate from low --- 
energy protons (leading to 

4 #l’ 
/ 

random coincidences). 64.1” /I 
1 /I 

I’/ 42.6’ 
,. 

/ 

CD, target 
/ ‘;\ 

‘\A The deuteron telescope 

‘\ included a veto detector 

4 ‘1 that constrained the 

proton arm ’ 
\ ‘xt 

range of the particles. 

The event trigger \ k 
consisted of a 4-fold \ 
coincidence (plus I 

\ I ‘\ \ \ 
veto) with a time 0 25 50 \ \ 

acceptance of 15 ns. cm 



SAMPLE DATA 
scintillator pulse heishts 

deuteron right 

800 

AE 
600 

400 

1000 

800 

AE2 

600 

400 

/ E 
ADC thresholds (events at lower 
pulse height come from triggers 
on the other arms) 

.* 
\ AEI 

Endpoint (200 MeV) of 
proton locus 

proton left 

timing Desks for deuteron arm 

L 

50 - 

40 - 

30 '- 

20 ,- 

10 ,- 

3ol Itan 377.t 
I_ zzu 57.84 

O.Wt 

*r 

1l.U 

random events show as tail (10%) below the peaks 

40 ,- 

30 - * 

20 - 

10 r 
r 
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Results 
original ZOO-MeV calibration from IUCF 
F.Z. Khiari et al. Phys. Rev. D 39, 45 (1989) 

0.6 

A 

0.5 

M.W. McNaughton et a/. 
NIM A241,435 (1985) 

A = 0.576 0 0.013 
12 16 20 8 lab Linac running at 20 p.A 

Other analyzirig powers: 

p+CD, at12* 0.534 0 0.012 

- p+d scalers 0.456 0 0.010 
(value depends on random rate) 

Other Issues: 

Improving 12 ==-detector reliability: increase detector separation 
to remove sensitivity to nearby sources of events. 

Making system operate better for larger beam currents: opens 
possibility to use pfd scattering during RHIC polarized running. 
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AGS Commissioning Plan 

H, Huang 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKEN BNL Research Center, Brookhaven National Laboratory 
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AGS Commissioning Plan 

Status of last run: 

LINAC 200MeV polarimeter: 60~70% 
before extraction from AGS: 30~50% 
average extracted fkom AGS: 33% 
average injected into RI-UC: 19% 

H. Huang 10/01/01 BROOK#iii.ER 
NATIOXAL LA&ORATORY 

’ 

INew DeveloPment since last run 

Source polarization reached 60~70% last year. 75% polarization 
has been measured at LINAC end with MOpA. See no problem 
to reach 75% with 2OOpA for the coming run. 

AGS will use less powerful Westinghouse for next run. The 
acceleration rate will be about half of Siemens. This will have 
direct impact on beam polarization. 
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IPolarization in the AGS 

Problems during last run: 
1. Tune setting is critical for AC dipole operation. A 
hardware problem prevented us from monitoring the betatron 
tunes constantly. ( fixed). 
2. Beam emittance not stable. Horizontal emittance reduced to 
15n, but still have room to go further down. 
3. Total of > 10% depolarization at weak resonances 24+v, 
and 48-v, not touched. 
4. Polarization measured at end of LINAC disagreed with 
measured at AGS injection. 

lt~OOKlii6kN 
XATLON-AL LABORATORY 

Update on AGS polarimeter 
Install forward arms to detect inclusive p-p scattering for several low 
energies: G y=4.7,7.5, 13.5. Combined with the recoil arms, we can 
select elastic scattering. The hope is to solve the puzzle of injection 
beam polarization. The installation will be done soon. 

To standardize the polarized proton operation, the E880 polarimeter 
will be controlled by VME modules for normal operation. The system 
we currently use should still be used as testing and debugging tool. 
The hardware has been installed. 

.,--y 
BROOKHM#EN 

NATIOSAL LABORATORY 
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Spin Tracking for the AGS 
Resonance IpPiI lpPil 

5% snake, 3% snake, 
Siemens Westinghouse 

o+v 0.9640 0.9460 
24-v 0.9864* 0.9729 
12+v 0.9863 0.9907 
36-v 0.9718 0.9870 
24+v 0.9692” 0.9357 
48-v 0.9051” 0.8294 
36+v 0.9142 0.9452 

Total 73.1% 
75% LINAC 54.8% 
AtR 96% 52.6% 
* (no correction) 

66.0% 
49.5% 
47.5% 

BROlWiGEN 
NATIOWAL LABO,RATORS 

Attacking the weak resonances 

1 .Change the quads setting around 24+v, and 48-v, to reduce the weak 
depolarizing resonance strength. The optimum setting requires move vertical tune 
from 8.70 to 8.83( need to confirm beam is happy with this tnne setting). The 
consequence is that the AC dipole frequency will have to be moved. The 
improvement factor is 1.06. More simulation is underway. (Vahid Ranjbar) 

2.Use polarized proton tune quads to correct the resonances. With 2 quads, the 
resonance crossing speed can be increased by a factor 2. The improvement factor 
is 1.04. Beam test will be done with gold beam. (Mei Bai). 

3. Reduce horizontal emittance to 10~. The improvement factor is 1.04. 

NATiOS:AL LAt+R+TORY _.. 
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AGS Performance 

Green line: Simulation with 
2000 commissioning conditions, 
68% as input from LINAC. 

The two expt. points: 

68 +-3% at Gy7.5; 
(taken at the end of the run) 

41+-7% at Gy46.5 
(averaged over 6 consecutive 
runs in 2 hours) . 

Blue line: same beam condition 
except higher input from 
LINAC: 75% and Westinghouse. 

m?ooKi&N 
NATTIONJIL LABORATOR’i 

I Polarization ext3ectation 
Machine chains . 
LINAC to AGS 
AGS 
AtR 
RHIC 

IpPiI 

100% 
66.0% 
96% 

100% 

Total 63.4% 

LINAC input ‘75% ------>47.5% 

If better efficiency at 24+v, and 48-v, and coupling resonances 
achieved, the output will be higher: 50% to 55%. 
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RHIC Spin Flipper Status 

RHIC Spin Collaboration Meeting 
October 1,200 1 

RKEN BNL Research Center, Brookhaven National Laboratory 
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RHIC Spin Flipper Status 

Mei Bai 

Collider Accelerator Department 

RHIC Spin ColIaboration Meeting 
Oct. 1,200l 

. 

l RHIC Spin flipper 

l a dipole magnet with horizontally oriented oscillating 
magnetic field. 
l maximum magnetic field: 

100 Gauss-m, spin resonance strength 
l oscillating fi-equency: 37.5 kHz 
l time for getting a full spin flip: 2seconds 
l capable of independantly achieve spin flipping in each 
ring. 

RHIC Spin Collaboration Meeting 
Oct. 1,200l 
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l project status 

- Magnet: 
l DC magnetic field measurement: 

- transfer function: 
106.8 Gauss-n&Amp 

- multipole components: < 1% 
- integral field angle: 6 mrad 

l AC magnetic field measurement: 
- 2nd & 3rd harmonic distortion: -60 dB 

l ready for installation. 
l Location : IP4 

RUIC Spin Collaboration Meeting 
Oct. 1,200l 

l project status 

- Electric system: 
l magnet inductance: 

- iO4.96 @I @ 37.5 kHz 
- 26.362 pH @ 64.0 kE4z 

l Q factor: 
- 320 @ 37.5 kHz 
- 309 @ 64.0 kHz 

l 6 kwatt power supply testing done 
l cap-bank assembly done 
l vertical testing 

RHIC Spin Collaboration Meeting 
Oct. 1.2001 
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l project status 

- Control system: 
l Front end computer installed 
l PA remote control PLC in progress. 
l Programing the Lecroy scope for digitizing magnet 
current readback done. 
l Application ready for integrated testing. 

RI-UC Spin Collaboration Meeting 
Oct. 1.2001 

l schedule 
- magnet installation: 

l estimated time for installation: 2 -3 shifts 
l between Oct. 1 and Oct. 15 

- system review: 
l before Oct. 15 

- system testing: 
l second week of Oct. 

- Power supply and cap-bank installation: 
*estimated time for installation: l-2 shifts 
l after Oct. 15 

CHIC Spin Collaboration Meeting 
Oct. I,2001 
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* commission the RHIC spin flipper 
- at injection 

l with both snakes 
l move the spin tune away from half integer by tunning 
the two snakes’ axis slightly away from being 
perpendicular. 
l Slowly ramp the spin flipper frequency across the 
spin tune and measure the beam polarization after the 
frequency ramping. 

- At storage: 
l with both snakes 
l with one snake 

RHIC Spin Cdlaboration Meeting 
Oct. 1,200l 

l application of the RHIC spin flipper 
- flip the spin direction for reducing the systematic error. 
- measure the spin tune: 

l slowly move the spin flipper frequency towards the 
spin tune and then let the induced spin resonance be on 
top of the spin tune. 
l measure the beam polarization 
l the spin tune= 

RHIC Spin Collabor&ion Meeting 
Oct. I,2001 
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l in the f&me which rotates at the same fi-equency as the spin 
flipper’s frequency, the stable spin direction is 

RHIC Spin Collaboration Meeting 
OA 1,200l 
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Spin Tracking for Spin Run2001 
(Spin RHIC Collaboration Meeting VI, BNL Ott 1,2001) * 

A.U. Luccio, Brookhaven National Laboratory, Upton, NY 

October 3, 2001 

1 General Strategy. RHIC with errors 

During Run2001 we plan to inject polarized protons in both rings of RHIC, 
accelerate them to an energy of approximatively 100 GeV and make beams 
collide. We want to produce a polarization state either transverse or longitudinal 
in all interaction regions. 

Since in each ring we have installed two Siberian Snakes but there will be 
no spin rotators yet, to produce longitudinal polarization at the IR’s a possible 
strategy is to gradually turn off one snake in each ring, as shown by Waldo 
MacKay in a contribution to this meeting. With this, the spin orientation 
rotates adiabatically from the vertical to the longitudinal at all EL’s if the proton 
spin tune G7 is kept constant to a value multiple of 3. For this exercise we have 
chosen a value G7 = 192 that corresponds to a proton energy close to 100 GeV. 
A possible (optimized) path to produce this effect is shown in Fig.1, where the 
spin rotation angle /I and the axis of spin precession angle 4 in both snakes are 
shown as a function of turn number. Along this path the currents in the two 
pairs of helices that constitute each snake are kept within allowed limits. 

In the following we show results of spin tracking with the code Spink. The 
used RHIC contiguration. is the closest to the actual machine, that includes 

. position errors in all elements. To create an input file for Spink, MAD reads the 
database containing the measured values of the displacements of all elements, 
using the Doom protocol. The machine is shown in Fig.2 

For non polarized beams a good orbit correction in a lattice affected by 
errors is normally obtained when the orbit is forced to pass as close as possible 
through the centers of the machine quadrupoles. For polarized particles, that 
behave as gyroscopes, it is instead more effective to correct the orbit on the 
absolute horizontal plane, as shown in the figure. The correction within 0.2 mm 
is being calculated by MAD using the it&ado algorithm. 

*Work performed under the auspices of the U.S.Department of Energy. 

1 

83 



- psnake-1 

-. psnake-2 
---- @snake-2 

H 9 
5o 8 y--------‘- i --.- --- . . -.-.- ---._ 
O- 

-50 

I 

------mm__ ----_ ---~~~~~~~~~~~~~~--~ ___---.w-_______ 

i 

-100 t 
0 2e+05 4e+05 6e+05 

turns 

wed act 3 09:19:15 2001 AUL SnakeTable 

Figure 1: Snake Table 3. Spin precession angle p and axis angle 4 for Run2001 

2 Scanning the tune space 

An example of successful Spin tracking in shown in Fii.3. The figure shows the 
three components of the- spin S, (radial), S, (vertical) and S, (longitudinal) 
at the IR’s CLOCK6 (STAR) and CLOCK8 (PHENM). For this tracking one 
particle has been brought and then stored for 60,000 turns at an energy equiv- 
alent to G7 = 192. The initial particle spin was oriented along the stable spin 
direction (sensibly vertical). During storage Snake 2 is turned gradually off and ’ 
Snake 1 is maintained close to its initial setting of /J = 180’ and 4 = -45O. 

As shown, the spin rotates from the initial vertical orientation to the EnaLl 
longitudinal orientation. The noise of the spin curves are due to the imperfec- 
tions of the lattice. 

The polarization will be continuously measured at POLAR, a location close 
to CLOCK12 (within 2% of the ring circumference). When the spin is oriented 
longitudinally at the IR (CLOCK) locations, its radial component S,, measured 
at POLAR, reaches a value of M 0.55. Fig.4 shows the result at POLAR for the 
“good” case of Fig.3. 
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Figure 2: RIIIC with errors. Measured vertical displacement errors are shown 
with crosses. The orbit has been corrected by MAD with Micado to the absolute 
horizontal. Corrected orbit and corrector strengths are also shown 

In the same figure we show the spin tune of the particle under the action of 
the snakes. The value of the spin tune, calculated from the trace of the spin 
matrix for one complete spin turn (i-e when the particle returns to its starting 
position in the orbital phase space), is 0.5 with two snakes at the beginning of 
the tracking and returns to 0.5 with only one snake at the end of the tracking. 
In-between, the spin tune reaches lower values, z 0.45 for the present energy 
equivalent to G7 = 192. When the spin tune is not constant at 0.5, i.e. when 
we temporarily operate with a full snake and a partial snake, combinations of 
the spin tune with the betatron tunes of the particle in its orbital motion may 
create spin instabilities. It is then imperative to explore the betatron tune space 
to find where conditions are adequate to preserve spin polarization. 

Fig.5 shows a.few results of spin trackiug at POLAR for different values of 
the betatron tunes. In the figure, case #402, corresponding to the example of 
Fig.4 above is one of the good ones, while case #338 and #408 are bad. The 
former seem to show a spin depolarizing resonance when the sum of the betatron 
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Figure 3: Components of the spin at two IR’s. ‘Ikack one particle on a phase 
contour of 10x mm-mrad for 60,000 turns at Gr = 192. Use Snake Table 3 

tunes is equal to the lower average value of the spin tune and the latter when 
the sum of the two tunes crosses the spin tune curve twice. 

Fig.6 shows a betatron tune landscape with good and bad cases. F’ull dots 
represent bad cases. Empty circles represent good cases. Three lines delimit 
regions. For points above the upper horizontal line the vertical tune alone 
interferes with the spin tune curve of Fig.4. The diagona3 curve represent the 
sum of betatron tunes V, + vsr = can& where the constant is the deepest 
point reached by the spin tune curve. Tune values in the region in the right 
upper corner of the chart above this line are unstable. The lower horizontal 
line represent vv = l/6 a notoriously unstable band for spin for a machine with 
periodicity 6. 

Fig.7 shows a zoomed-in area of Fig.6, around tunes that best seem to suit 
RHIC!. The “good” cese described at the beginning in Figs.3 and following is 
labeled as case #402 on this plot. 

All tracking examples so far assumed that the snake gymnastics at Gr = 
192 could be done in 60,000 turns. This is hardly realistic for the ramping 
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0.6 

2e+05 4e+05 6e+05 

WedOd 311:18:232001 
turns 

Figure 4: Spin Tune and radial component of the spin at POLAR for the con- 
ditions of Fig.3 

capabilities of the present snakes and power supplies. If spin resonances are 
present, the growth rate of the resulting instabilities and the final value of the 
polarization depend on the speed of resonance crossing- It is then important 
to examine in deeper detail and with a slower tracking rate some of the good 
candidates. Fig-8 shows the same tracking of case #402(at POLAR) in 60,000 
turns compared with tracking at 6.105 and 6.106 turns. ,@n.nk is symplectic 
enough to deal with a few million turns in RHIC without showing any non 
physical growth of emittance. The latter number, 6 million of turns is of the 
same order of what can be realistically achieved, and shows clearly the onset of 
some instability in the polarization (this tracking took about 32 hours on a 1.5 
GHz Lmux Box). 

More systematic work is in progress. 
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Figure 7: Zoomed-in Chart of the betatron tune for spin stability in Run2001 
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Figure 8: S, at POLAR for Case #402 with snakes being ramped at different 
rates 
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RHIC Polarimgter Updates 

D. Svirida 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKEN BNL Research Center, Brookhaven National Laboratory 
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E950 Results 

JI Tojo 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKETN BNL Research Center, Brookhaven National Laboratory 
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E950 Results 

Junji Tojo 
Kyoto University / RIKEN 

RHIC Spin Collaboration Meeting 

October lst, 2001 

BNL-AGS E950 Collaboration 
I.G. Alekseev“, M. Bai2, B. Bassalleck*, G. Bunce2y7, A. Deshpande’, J. Doskow3, 

S. Eiler@, D.E. Field#, Y. Goto’, H. Huang2, V. Hughesg, K. Imais, M. Ishihara’, 

V.P. Kanavets4, K. Kurita’, K. Kwiatkowski3, B. Lewiss, B. Lozowski3, . 

Y. Makdisi2,H.0. Meyer3, B.V. Morozov“, M. Nakamura5, B.V. Przewoski3, 

T. RinckeP, T.Roser2, A. Rusek2,N. Saito 6y7, B. Smiths, D.N. Svirida4, M. Syphers2, 
A. Taketaniq T.L. Thomas*, J. Tojo”‘j, K. Yamamoto5, L. Zhu5, D. Wolfe*, 

D. Underwood1 

lArgonne National Laboratory 
2Brookhaven National Laboratory 

31ndiana University Cyclotron Facility 

%stitute for Theoretical and Experimental Physics, Russia 

sKyoto University, Japan 

%IKEN, Japan 

‘RIKEN BNL Research Center 

*University of New Mexico 

gYale University 
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Two Aspects of E950 results 
l Analyzing power AN for RHIC CNI Polarimeter 

The only calibration point at 2 1.7 GeVk ( G ~4 1.5 ) 
up to the operation of the polarized gas jet target 

(MIC injection energy: 24.3GeVk (G-6.5) ) 

l Physics interest 
Hadronic spin-flip rs at high energy 

PRD48(1993)3026 

FS (q) :spin-Alip amp., F,(q) :spin-nonflip amp. * 

Recent theoretical developments 

on pA elastic scattering including rS 

B.Z. Kopeliovich and T.L. Trueman, PRD64(2001)03400 

Kinematics /Detector configuration 
‘: : 

‘I, A 
,/-y L! 

v------+ :: $: 

Scatkred Carbon 

TOF measurement 

CM region: IO-” < -t < IF2 (GeVlcj2 
-t (GeV/c)’ E, (keV) 

0.001 45 

0.005 224 

450 

2236 

4473 

detector Carbon foil 
Energy measurement 5pglcm2 0 13 25 cm 

6ch>4mmistrip 

surface:bare Si 
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Experimental Run Condition 

l Bunched polarized proton beam in the AGS ring 
Momentum : 2 1.7 GeV/c 
Polarization : -40% ( from the AGS-internal/E925 polarimeter) 
Polarization sign : Up and Down alternated every spill (T&T&T& ) 
1 bunch/ring, 5 x 10’ protons/bunch 
Bunch length : 25 ns ( 0 = &ZS ), Bunch crossing freq. : 370 kHz 

l Trigger 
(c 0 Si) 0 RF’ , Trigger rate : 2 x 10’ / spill 

All 

0 Data 
ADC/TDC for all Si’s and MCP’s 
Beam Polarization, its sign and beam intensity fkom the AGS 
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Detector Performance 
l Si strip detector 250 

Recoil carbon detection WI Si 
Clearly seen in T-vs-E corr. 

$11 
.i 

100 

Successfully detected inside the ring. 5O 

Energy resolution 0 
Energy(keV} Energy(W) 

fi-om low energy exp. and E950 data 8 o 

E==O(0.05-0.12) 
E&i?’ 

Tirne resollution 

dominated by bunch length 

AT; 7ns 

l Micro Channel Plat 
Improved Time resolution 
Intrinsic Time resolution of Si 

Analysis Procedure 

l Calibration of detectors 

l Event selection 

l Study of detector resolution 

l Defhition of Momentum transfer 

l Backgrounds estimation 

l Beam polarization from E925 Polarimeter 

l Analyzing power 

l Systematic errors 
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Event Selection 
l Selection on -t-w-Mass 
(-t was defmed fkom Time and Energy) 

l Cut using Mass 
Based on -t-dependent mass resolution 

zw SW ?J( m a5 *m m xm PJC xw 
Energy (kev) 

Study on Detector Resolution 
l Strip-by-strip resoiutions for Energy, Time and Mass 

Important to define cut and momentum transfer 
Mass resolution from Kinematics 

Energy resolution 1 
i 0.3 _ .s I 

From Low E test exp. and E950 data ,,S 1 .,“,,,/ =I‘ ‘-- 
,+ 

Time resolution 
Dominated by bunch length 

AT (7.0+0.5)& -= 
T. 'T. 

Energy (keV) 

f ,-- . t I 

AT 
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Momentum Transfer 

l Define w/weighted mean 
in terms of resolutions 

-t = 
wit, + WTIT _-.--. 

wE+wT 

wE +tE it,)“, wT = (AtT it,>” 

Beam Polarization Measurement 
l E925 pollarimeter: pp eiastic scattering at --t = 0.15 (GeV 1~)~ 
Analyzing Power: Aiv = 0.040 310.0048 from global analysis 

Target: CH,, ( Carbon for BG study), Two Forward/Recoil detector arms 
Setup figure Corn K. Krueger et al., PLB459(1999)412 

0.1 , 
- - PuicdZ 

0.08 - f Period3 

- 4 Period5 

0.06 - A 

- 
:- 

-Ii 

Beam was extracted to E925 bearn line. 
I -0.06 “2;“,“,,““““““““’ 28 W 33 31 

Dare on Much 1999 

Beam Polarization had been measured during E950 run. 
PB ; 40%. 



Analyzing Power 
. Combine raw asymmetry from E950 and polarization from 

E925 polarimeter 

BGs are contained. 

BGs subtraction will be done soon. ollB 
At most -20% fkom Promp 
and Alpha fragments. 

Systematic error estimation 
are on going (almost done). 

--t ( G~V/C)~ 

Possible Size of Systematic Error 
Comparison w/ different-t binning 

A N 0.02 

-OaM Statistical errors only 1 
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Summary 

l Analyzing power AN(t) of pC elastic scattering in the 
CNI region was measured for the first time at 21.7 
GeV/c. 

l Preliminary result of AN(t) are shown. 

l Background and systematic error estimations are on 
going. The final result are coming soon! 
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Analysis of RHIC Polarimeter-2000 

Osamu Jinnouchi* 

The current status of the data analysis on RHIC com- 
missioning run 2000 is reported. Detailed analysis based 
on the mass identification is firstly applied for this data 
set. The quality of the analysis procedure is confirmed 
by several aspects. Those are t-dependence of the cross- 
section, angle-dependences, and mass distributions. It is 
also shown that RHIC polarimeter is expected to have 
very low background, and little contamination of ar par- 
ticles. Carbon events are well separated from that of the 
Q’S, owing to the good time and energy resolutions of the 
detectors. 

*email:josamuObnl.gov 
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Analysis of RHIC Polarimeter-2000 
Commissioning Run 

Osamu Jinnouchi (RIKEN) 

RHIC Spin Collaboration Meetincr VI ~2001.10.1~ 

Detecting the recoiled Carbon (CNI region) 
with Si detectors instalied obliquely by 45” 

Measurement with CNI pdlarimeter 
Si #3 

What had been already understood i #4 

904 in Lab frame 
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Kinematical fit is performed with 

T 

Fitting Constraints 
Mnc : Carbon mass Ii .l~eV~z? 
i%kC: s%f.?hS MXX.4 ~.~%+?~k2 
TO : Eommon to ci am3 carboas 

Known parameters 
-rime s6aie, Siewing, Distsnca(L) I$: 

Fitting Assumptions 
Dead Bayer Q&i% on SJ surface 

= ?4pg!m2 (from -r.an&?rrl test) 

Mass Reconstruction 
- (i.e. particle HI) 

-I) Extract Energy Stalk 
(no direct calibration 

has performed) 

G140 

5 

E 
= 

i 
120 - 

i 
loo I 

1 

i 

80 

- 

60 

I 1 III III ,I ,I$ ‘0) ’ I” 
0 0.01 0.02 0.03 0.04 0.05 0.06 

1 ./Sqlt(Elnc keV) 

RHIC Spin Collaboration Meeting VI (2001.10.1) 



RHIC Spin Collaboration Meeting VI (2001.10.1) 

Scattering angle is estimated 
from strip distribution& 

Scattered angle distribution 
fits well with kinematical curve 

800 F...._....... i j... _........_ 4 .,.. &&v IrTzI+z ._..... 
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Raw asymmetry is calculated with O-O4 - 
square-root formula, 

with 6-bunches (‘l?ufiti$u) 

Extract Polarization by fitting to 
E950’s result, 

P = A(t) ! A&) 
= O.f81 2 0.029 

This result is obtained with typical 
run set 

I) need much more statistics 

- Detailed analysis has been carried.out using Mass IID 

- Several features of analysis indicate that 
the procedure of analysis works well 

- Firstly confirmed t-dependence of cross-section 
- Angle dependence 
- Mass distribution 

- Need to precisely study run depedence of 
- the spin direction during Snake runs 
- the energy dependencies of the polarization 

- To extract asymmetry with Alpha (from physical interest) 
these are under progressing now 

- The energy scale will be confimed by 
direct calibration measurement 
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Determination of RHIC Beam 
Polarization 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKJZN BNL Research Center, Brookhaven National Laboratory 
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-.~.::i:::. Determination of RHIC Beam 9 *::‘j:i \ .,:‘: 
Polarization 

l Results from E950 - Junji Tojo. 
- Determination of A,,, using P, from E925. 

l Results from RHIC Polarimeter - Osamu 
Jinnouchi. 
- Expected uncertainties from RHIC polarimeter. 

l How do we use these to determine beam 
polarization at full energy? 
- How to determine polarization at injection energy 

without an absolute polarimeter. 
- How to determine polarization after acceleration. 

RSC Meeting IV Douglas E. Fields 
October I,2001 UNM/RBRC 

1 

R 
L-J 

General Process at Injection 
: Energy . 

l Use RHIC p+C CNI polarimeters to measure 
beam polarization at injection energy. Need 
physics analyzing power. I 

l Get physics analyzing power from E950 
asymmetry measurement. E950 needs beam 
polarization from E925. 

l E925 determines the beam polarization from pp 
elastic measurement. Needs pp elastic 
analyzing power from fits to previous calibrated 
data. Weak link. 

RSC Meeting IV Douglas E. Fields 
October I,2001 UNM/RBRC 

2 
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Results from E925 

l E925 determines beam 
polarization to be 
0.407&0.035(stat) kO.048 
(syst) during E950 running 
(total uncertainty -15%). 

l The systematic uncertainty 
(12%) is dominated by the 
determination of the analyzing 
power calculated from other 
measurements (at different 
energies) to be 
A,=0.0400+0.0048. 

RSC Meeting IV 
October I,2001 

Douglas E. Fields 
UNMlRBRC 

3 

Results from E950 

l E950 has very small statistical 
uncertainties (-10% in low-t 001 

region). *&?s - 

am - 

l The value of the asymmetry at *a i 
low-t is very stable with even 
gross changes in the analyzing $“I i - 
procedure, and therefore has *a - i + + ;, 
small systematic uncertainty 
(-5%). 

*m - 
*I - (I L -f + 

*ox - 

RSC Meeting IV Douglas E. Fields 
October I,2001 UNMlRBRC 
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I :‘I.. y.. 
1 O”. 
9 r. ‘.‘? Results from RHIC Polarimeter 

l Needs extrapolation from 0.04 

E950 energy to RHIC 0.035 

injection energy. 0.03 
i 

. l Statistical uncertainties O.W!!G 

expected to be -1% . 
during upcoming run. ’ oaks 

;. 

l Well understood 0.01 

B 

m i 

n n 

systematic uncertainties. 0.005 j 
l Match to E950 shape in oi 

very good agreement. 
L--.--d -c-----L-.-----: Q o.uos tl.01 0.1115 0.02 0.025 .0.03 0.035 a04 om5 

-t 

RSC Meeting IV 
October I,2001 

Douglas E. Fields 
UNM/RBRC 

5 

m 
i l “1’ 

Calibrating the RHIC Polarimeter at 
..’ 

d Injection Energy Using E950 

l Energy differences. 
- E950 was at &=24.7GeV 
- RHIC injection is at &=25.9GeV 
- AGS internal polarimeter during RHIC polarimeter 

run has large systematic uncertainties. 

- Uncertainty in the theoretical energy dependence of 
asymmetry -5% (from fits to E950 data using range 
of real part of j.+, extrapolated to injection energy). 

l No shape differences, only scale uncertainty. 

RSC Meeting IV 
October I, 2001 

Douglas E. Fields 
UNM/RBRC 
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Theoretical Determination of Energy- 
Dependence of Analyzing Power 

l E950 does not fix the determination of the 
hadronic spin-flip amplitude to a high 
enough degree to be able to say the even 
what sign of the energy dependence of the 
asymmetry will be at full energy. 

RSC Meeting IV Douglas E. Fields 
October 1.2001 UNM/RBRC 

7 

Method of Accelerating and 
Decelerating Beam 

l E950 Energy is too low for injection (-transition). 
l Injection energy at Gy46.6, E = 24.3GeV. 
9 Plan Uo make asymmetry measurements at “stepping stones” along 

the way, or also possibly during the ramp (ramp time vs. 
measurement time!). 

l Then plan to decelerate and make measurements, although beam 
loss back at injection energy may require measurements during 
ramp down. 

l Scenario #I: Asymmetry is the same at low and high energies and 
is the same upon return to low energy. 

0 Scenario #2: Asymmetry is different at low and high energies, but is 
the same upon return to low energy. 

l Scenario #3: Asymmetry is different at low and high energies, and is 
also different upon return to low energy. 

RSC Meeting IV 
October I,2001 

Douglas E. Fields 
UNM/RBRC 
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1. ;..:y: . . 
0 

: ~~;;,~~~;, Method of Accelerating and 
;; : 

L-lP Decelerating Beam 

l Scenario #I : 
- Analyzing power is the same at injection and full energy, and 

there is no polarization loss. 

l Scenario #2: 
- Analyzing power is different at injection and full energy, and 

there is no polarization loss. 

l Scenario #3: 
- .Difference upon return to injection energy is due to polarization 

loss, equally distributed between ramp up and ramp down (?). 

- Difference between injection and full energy due to energy 
dependence of analyzing power. 

l Consistency check with E950 hadron spin-flip measurement. 

RSC Meeting IV 
October I, 2001 

Douglas E. Fields 
UNM/RBRC 

9 

Estimate of Beam Polarization 
Uncertainty 

l Injection Energy: 
- From E950. (-19%) 4 

l Full energy: 
- From Acceleration/Deceleration. (Statistics 

dominated, -1.4%) 

l From Theory: 

l Overall double spin asymmetry scale 
uncertainty from beam polarization)<50%) 

RSC Meeting IV 
October I,2001 

Douglas E. Fields 
UNM/RBRC 

10 
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RHIC Polarimeter Data Format 

K, Kurita 

RJ3C Spin Collaboration Meeting 
October 1,200l 

RIKJZN BNL Research Center, Brookhaven National Laboratory 
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RSC collaboration meeting 
Oct. I, 2001 

Kazu Kurita (RBRC) 

Si design -..v.Tuli.,swv.-F.-~..~ <- . . . . . 
- Boron(front) and Phosphor(back) implantation 
- Bare Si surface 
- 2mmxlOrn1n x 12 strips 
- small capacitance + thin dead layer 
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-! sign -**--_-b.,w_l/ ,.. 
Detector sorts Micro ribbon C target(5um/cm2 thick) 

Tarzet control 
Detector ports and 
targets arrangement 

Si Detector Orientation X--%**.~.~*.. ,..,. ,_ ._ 
45 degree Si 

90 degree Si 
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ad Out .~?,.“.,s/. .*..r, / I 
48 ch total 

Mode I 

Mode 

EJ 

f 

/ 

Mode 3 

Carbon counts 
Nc(-t) for each 
butitih 

R&i .: ’ RMIC control .. ,.. .-, .‘... :. ‘. ., .:. 
4 

Move target start data Data through 
CDEV 
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Data Collection and 
rocedure 

-,H I, Command in’PFT page initiate a run 
H 2, ‘Mowi the target. in 
H 3,. Send Ycommand, to the DAQ pc to take data 

(or diagnosis, .mod@ 
I 4:1. DAQ, .pc coilects~ carbo,n counts and :process 

them:and .shi.ps out all info to the control,ler 
m 5, Control& distfibuts the data to 

experiments through CDEV 
m 6, Move.the target out 

Criteria of the data’format m%-m,a-,.I.., -_ . .r . . 
= II Provides sufficient information for all 

experiments. 
n 2, Detail enough to spot problems by many 

people. 
H 3, Do not allow different results from the 

same data set. (everybody has to use the 
same formula agreed upon) 

B 4, Ready to use. 
w 5, Upgrade should be transparent 
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I Proposed Information for 

H I, run ID m Fill ID+ y/b+ seq.# I 
n 2, time stamp ; begin and end time 
I 3, version #‘s ; DAQ version +cut id 
n 4, Beam Energy ; dipole current 
n 5, target ’ target ID + position 
n 6, Quality bit(s) ‘; O.K. or not 

_Y..v,>.,..._ ,..: .1 . . * 

n 7, Total, up,down and unpol carbon counts 
n 8, Carbon counts per Si per bucket 

6x360 integers 
(-t integration range by polarimeter crew) 

1 9, average asymmetry 
asymmetry size terror, ang. +-error 

n IO, bunch by bunch asymmetry 
2x2~360 floats 

(taking pair with unpol. bunch or non-square 
root method?) 
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‘~-Yfg ?J$, -1% Bunch by bunch polarization .‘..-r”s~.~m.,, ...~.-.,,. 
q I, Using one un-polarized bunch 

n In case of pol. Bunch pair 
NLU =cq,(l+PA,)A,L,. 

NLLI = q,(l- P AN)ALLD 

N RU = m-pA,M&u 

%I = q,(l+ P AN)ARLD 

n In case of one un-pol. bunch 
N LU = 00 Cl+ WV ML4J 

NL* = q,ALLD NRu =q(l-PA,)ARLu 
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n 2, after knowing stability of A and L, 
calculate left right asymmetry with 
corrections. 

Issues -UN.ICT_.-.T- .- 
n What dia$nosis mod& and quality check ,‘. 

.$hould be. used? : : . . .. 

.= “Stable btinch :bq -bunch asymmetry 
.&t&min&ofi m&h&j is to & 

&t&min’&da ..: .‘. ,., 
.‘_ ,.. ‘. 

n -W,hat- is the procedure to update the ’ 
.’ ‘data, ‘a,lrtiady distributed? ,. ! 

: _. . . . 
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Status of Phenix “Local” Polarimeter 

B, Fox 

RHIC Spin Collaboration Meeting 
October 1,200l 

RIKEN BNL Research Center, Brookhaven National Laboratory 
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Shower Profile 
l Scan the entire calorimeter: all towers at their centers 
l Wow 3, blsck 6 (approx. center of the calorimeter) 

l Edge block (has crystals on 3 sides) and corner blocks (has crystals on two 
sides only) + See how showers look there 

+ kith 1'4 u 5. Ic?,l 5 & 20 Gc\~ cIt~ttw~.: 5 c'lct*fr!.~rz/'buxl~h. 2,3,4,5 &xtrons/bu~;c~ 
l 10 GeV data with pre-shower counter in front of the calorimeter to see what 

happens to the energy/position resolution by adding material in front of the 
calorimeter 

l Steel plate to simulate the wall of the DX magnet (1 O-G&’ data) 
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0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

Deign and Safety Review 
Analysis of SLAC test beam data 
Check calibrations at LEGS using -1 GeV photons 
Temperature Control and Monitoring 

GMS Upgrade 
Bunch bits V124 module 
ZDCs from CAD 
Redesign of the “back” box 

Monte Carlo 
Stand Alone Trigger for the calorimeter 
Trigger counters for IP12 

DAQ I, 



An ep-Polarimeter for RHIC 

-E Meissner 

RHIC Spin Collaboration Meeting 
October 1,200l 

RKJZN BNL Research Center, Brookhaven National Laboratory 
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An ep-Polarimeter 
for RHIC 

F. Meissner, LBNL G. Igo, UCLA 

Use longitudinal spin asymmetry in elastic electron- 
proton scattering for an absolute polarization 

measurement at IXKIC. 

Elastic e-p scattering: e 
l Known large analyzing power 

e . Calculable 

l Many data (Alguard et.al, etc.) +% 

c 

P ‘ 
Scatter a longitudinally polarized electron beam off the 

longitudinally polariz.ed proton beam 
Ee 25 MeV (10 MeV) 111) F Ep 100 GeV (250GeV) 

Setup 
l electron -Linac/Ring ? 
l lOO(250) GeV proton REIC 
l both longitudinally 

l detect both particles back- 
to-back in coincidence 

l Hadronic and 
electromagnetic 2Z 
calorimeters (@-resolution) 

Sum of momenta: 



Kinematics 
da da G& + bGfM 

+ 2bG& tan2 
8 

26 = iavfott x l+b 0 
2 

l 25 MeV-100 GeV and 1OMeV -250 GeV same c.m.s energy 
l Scattering angles in lab: 0.1~ 0p< 1 deg.; 1~ 8e -40 

Longitudinal Asymmetry 

GM pp - = - = 2.79; 
GE /cn 

Asymmetry measured as 

. 
., : 1 _ - - I - - _ I 

.’ 35 .I.;, 8 .“1(j 12 
.I, I --- - I’ - L-I - -L, 

: .; .’ ._: .; .’ 
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Estima ted Signal 
Assume: 
l Acceptance: 27~ x 0.1-10 deg 
l Luminosity: 2*10*31 cm-W 

1% EIC, 10% pp 
40mA (15mA) e-current 

l Counting rate: 1OHz 
(0.2-= Op < 1: 0.6 Hz @25OGeV) 

l Polarizations: P,=0.5,Pe=l 

Average asymmetry 0.04 measurable with 
4% statistical uncertainty within a 1Ohr fill 
Systematic uncertainty determined by the electron beam 

polarization measurement. 
(With EIC luminosity 1.5% within lhr !) 

Feasibility? 
Summary 

l Detector/Calorimeters standard technology 
(Distance of detectors to beam pipe and interaction region) 

l Polarized source and accelerator: 
R&D for EIC ? 

l Reuse equipment ? 
Jefferson, Bates, SLAC, Tesla, Lep.. . . . . 

l Needs expert input . . . Needs to mature . . . 

At Luminosity 2*1031 cm-2s-1 (1% EIC, 
10% pp) a signal asymmetry of A=0.04 
could be measured with 4% statistical 
uncertainty within 10 hours. 
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Previous e-p Proposals 

l Deep-inelastic scattering (Igo et.al, 96) 

x-section and asymmetries small w.r.t. elastic ep 

: Elastic e-p on transverse p-beam (Glavanakov et-al 1996) 

ALL ANN ALS 9 anti-collider, small (<5mrad) scattering angles, 
only e or p detected, magnet to bend out from beam. 

l Elastic e-p fi-om atomic H gas target (Nikolenko et.aI 1996) 

target as for pp, background , fixed target kinematics, 
detect p-and e in coincidence, deflector magnets 

Elastic muon-electron scattering successful used for beam 
polarization measurements by SMC 
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RHIC Spin N Brahms 

RHIC Spin Collaboration Meetinn 
October 1,200l u 

RKEN BNL Research Center, Brookhaven National Laboratory 
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RHIC SPIN 
Brahms. 

presented by F.Videbaek 

Earlier discussions 

.FV “RHIC spin physics, Apr 27-29,98, Riken Vo17 

l A.Bravar “Future transversity measurements” 

Transverse Asymmetries 

Experimental issues 

Acceptances 

Rates 

Resources. 

RHIC SPIN meeting 

October 1,200l 



pp Running in Run-2 

. Commissioning of detector system 

- Comparison to pp as a reference for AA will be useful. 
- Implement the common in-elasticity detectors shared with pp2pp. 
- Spectrometers need time-start counter for spectrometers for TOF PID. Resource limited for implementing this, 

but could be achieved for FS, certainly not for MRS. 
. Exploring possibilities for a spin program (high xr, transverse polarization) for transversity measurements with the 

RHIC spin group. This could be initiated in Run-2 with the one week of c 1.5 pb-* ,but will require a longer period for 
high statistics later. 

Transverse asymmetries 
. Inclusive meson measurements mainly at large xF (.3-.7) and small pt (l-4 GeV/c) 
. Most existing data at lower energy. 
. A,, = N(++)-N(+-)/(N(++)-N(--)) 
. A,,,, (pi+) >O (pi-)< 0, -5-2096 depending pt, xf. 
. A pi- measurements will complement the STAR pi0 measurement. In fact important to map out piO/ pi- for range of 

xF, pt - not a single shot measurement. 
. Theoretical understanding has emerged. 



Perspective Viewlof BRAHMS Spectrometer 

Mid Rapidity Spectrometer 
30<0<95 



Experimental issues 

0 Coverage xF-Pt 
. Solid angle, rates 

- BFS N .6 msr; P-theta acceptance. 

- At xfH.25 pt-1 
. DAQ is event driven 

- Effective data-rate will depend on, trigger setup (using sets of hodo-scope in FS 
- Background issues (already present in AA) 
- -5OO/sec with DC, RICH,Hodoscopes and no TPCs. 

. Polarization counting, scalers,. . . 



.Acceptance & rate 
. The acceptance is comes from the lowest 

angle at 2.3 degrees, and at xfN.25 the pt 
is H 1.0 GeV/c 

. At higher Xf the pt gets relative higher 
since the magnets is ai fixed field. 

. At the lum of -5% the rate at xf-.20 is l- 
2 pion per sec. At xfw.5 it is lower by at 
least l/1000. 



Particle Identification in current setup 
l The High momentum PID is exclusively from the RICH situated at -20 m. 
l C,F,&F,, mixture at l-l.25 atm. 
. Could be replaced in future runs with different gas for lower index, that could give 

pi/K/p sep at higher p. 

Designed for few tracks. 2*2 segmented focal plane. 
150cm Focal length 
- Entrance window - 45*35 cm at 20m 

-20 -15 -10 
reconstructed track mo%mn [GE& 



Issues for pp running 

l Implement the polarization counting (scalers, bunch 
information) 

l Setup of triggering. 
l Determine optimum angles, field setting for short run 
l Add FS hodoscope (both tof+triggering) 
l Include pp2pp (inelasticity counters in setup) 
l Resources for, preparing setup, running exp and analyzing 

data. 
l Aim if sufficient interest to have a feasibility run, and first 

look at data in the - 1 wk of transverse polarization. 



Status of the PP~PP Experiment 

S. Biiltmann (Brookhaven National Laboratory) 

Summary 

The PP~PP experiment at RHIC is going to measure elastic and total cross-sections 
in (un-)polarized proton-proton scattering. The experiment is located at the 2 o’clock 
interaction region (IR) of the RHIC complex. Elastic scattering at the RHIC energies, 
fi = 200 GeV/ c and possibly 500 GeV/c during the first year, requires detection of the 
scattered protons at very small angles. At 57 m from the IR, where parallel to point 
focusing is satisfied, the scattering angle is directly proportional to the measured distance 
between the scattered proton and the beam axist, 0 = ~&&f. With L,ff = 20 m the 
four-momentum transfer range is 0.003 to 0.100 (GeV/c)2 at fi = 200 GeV/c. 

Elastic scattering requires the detection of the two collinearly scattered protons in 
coincidence. To measure their positions, we are installing Roman Pot stations in the two 
outgoing beam pipes, about 57 m on either side of the interaction region. Each station 
consists of two Roman Pots mounted above and below the beam centre, containing a 
detector package of four silicon microstrip detectors and one scintillation counter. The 
active area is about 80 mm x 50 mm, the position resolution better than 0.1 mm. 

During the initial setup and commissioning phase, the detectors will be located 31 mm 
above and below the beam centre, making only a higher /&,I of 0.018 accessible. During a 
special run with reduced luminosity of 1.5-1028 crne2 see-r and probably 6 bunches in each 
ring, the position will be at a distance of 15 mm from the beam centre. For the 6 bunches we 
would iike to have radially polarized protons colliding in this pattern: TJ., .j$, n, $/,., t 0,OO. 
For further systematic studies the polarizations can be reversed via the spin flipper. 

The setup will feature additional scintillation counters close to the interaction region to 
tag non-elastic scattering events. These counters will measure single- and double-diffractive 
scattering events, in the pseudo-rapidity range of 2.6 < 11 < 5.6. 

During the Year-2001 engineering run of PP~PP the main focus of the measurements will 
be on the total cross-section, gtot, its difference between the two transverse helicity states 
of the beam, AQ, the single and double transverse spin asymmetries, AN and ANN, and 
the energy dependence of the nuclear slope, b. This should allow to distinguish between 
different exchange models brought forward for example inr. 

Assuming a cross section of about 40 mb would lead to an expected physics event 
rate of about 600 Hz, the trigger rate being probably higher at around 1 kHz. For the 
above mentioned bunch fill pattern we would collect about 300,000 events per hour and 
pattern. Hence, a store of about 10 hours would be sufficient for our measurements. If also 
250 GeV/c become available, we would like to have additional beam time with reduced 
luminosity at that energy. 

At present the production, assembly, and testing of the detectors measuring the vertical 
position of the scattered protons is underway. The assembly of the horizontal detectors 
is going to start in a few weeks. The Roman Pots will be available by November 26 at 
the switch-over time to proton running, as will be the inelastic detectors, which had been 
previously mounted and tested, 

‘N. Buttimore et al, PRD 59:114010 (1999) and E. Leader and T. Trueman, PRD 61:077504 (2000) 
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Layout of the Experiment 

Roman pot location is determined by parallel to paint focusing. 

Stephen BGttmann RHIC Spin Cdlabofation Meeting BNL October 1,200l 

Expected Run Plan 

l Set up and commissioning concurrent with other * 
experiments at a ‘safe’ distance (3.1 cm from beam centre) 

0 Special low intensity run for pp2pp 
(1.5 cm from beam centre) 

l Total proton intensity m 1.5 10” (6 bunches) 
+ L w 1.5m102* cme2sec-’ 

l Radial polarization direction 

l 600 Hz physics rate for -40 mb cross-section 
(2 million events per hour) 

o Assume 6 bunches with fill pattern 

+ 300,000 events per hour and pattern 

o Need 1 beam store of about 10 hours 
(for each beam energy?) 

o Would like 2 hours during commission early 

* 
Stephen BiNmann RHIC Spin Cdlabomtlon Meeting BNL October 1,200l 



Status of Experiment 

l Vacuum parts for all four Roman Pot stations installed ’ 
(Roman Pots to be installed during switch-over time) 

0 Infrastructure mostly on place 

l Production of silicon detector assemblies started 
(first Y-detector assembled and aligned last week) 

e Testing of detectors to begin this week 

l Silicon detector wafers being manufactured tit InstDiv 

cl (new batch available beginning 3 weeks from now) 
00 

; DAQ work underway (Dima and Igor arrived) 

l Inelastic detectors installed, tested, and dismantled again 
for Au-Au running 

l Plan to install Roman Pots in November 

Stephen Biiltmann RHIC Spln Collaboration Meeting BNL O&bet-l, 2001 

Outlook 

2003 

l Extend measurements to 0.1 < &< 1.3 (GeV/c)2 

Beyond 2003 

0 Measure in CNI region, re 
9 
uiring special tune 

0.0004 <-~0.12 (GeV/c) . 

l Measure in large -t region 
1.3 c -t < 5 (GeV/c)2. 

l Elastic scattering of proton-deuteron, deuteron- 
deuteron, and proton-4He also possible 

Stephen Wtmann RHIC Spin Cdlaboratikn Meeting BNL October 1,200l 



STAR readiness for ji-- ~7 running 

G. Rakness 
Indiana University Cyclotron Facility 

Representing the STAR Spin Collaboration 

The status of the STAR experiment concerning its readiness for polarized proton collisions 

is presented. The goals of STAR Spin for the first year of p’-p’running include: to commission 

the accelerator and detectors for fi-gcollisions, to measure spin asymmetries for the first time 

in a p’- p’ collider, to understand the limiting systematic uncertainties for the measurement 

of ALL, and to collect ‘minimum-bias’ p -p events for the use of the STAR heavy ion physics 

program. The primary focus of STAR Spin for this year is to measure single-spin transverse 

asymmetries, in particular one which is expected to be non-zero, namely, the inclusive produc- 

tion of x0 mesons at low-pr and moderate XF, concurrent with a single-spin asymmetry which 

is expected to be small, that is, the production of leading h* at high-pT and mid-rapidity. 

One of the major efforts in recent months has been the installation and commissioning 

of the Forward Pion Detector (FPD), which detects daughter photons from the decay of r” 

mesons. The commissioning of the FPD with Au-Au collisions so far has met with reasonable 

success. With cuts on the timing information from the STAR ZDC’s, the data suggest that a 

significant fraction of the events seen at the FPD come from collisions at the STAR interaction 

region. This conclusion is further bolstered by the changes in the scaler rates observed in the 

detector during a van der Meer scan of the beams. A portion of these events exhibit features 

in the detector which, from simulation, are expected from highly energetic 7r” mesons. 

The Beam-Beam Counters (BBC) are currently under construction, and are expected to 

be installed during the shutdown just prior to the $-@‘run. The BBC’s will measure the rate 

of double-diffractive scattering events by detecting multiple MIP’s coincident east and west 

of the STAR interaction region, and will be used to measure the relative luminosity between 

beam-crossings with different orientations of the polarization vectors. 

The Barrel Electromagnetic Calorimeter (EMC) is currently being commissioned with 

Au - Au collisions. The Barrel EMC will be used, amongst other things, for calorimetry fn 

the measurement of inclusive h* at high-p* and mid-rapidity. 

In addition to these detector subsystems, there has been work in development of the triggers 

that will be used for @‘-- 3 running. The largest open question is the bandwidth which will 

be devoted to each trigger type, and is currently under discussion within STAR. There has 

also been software development on the STAR spin-sorting database, which contains beam and 

detector information necessary for asymmetry analyses. 

1 
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5 GeV electron beam, Run 252 

The prototype endcap EMC was, 
calibrated at SLAC in January, 2001 
during test-beam experiment T-452 
using beams of 5, IO and 20 GeV. 

Shown in the figure are events with 
nergy electrons 

200 
20 GeV elect;: beom. Run 2%’ 

Run 79 from file, stcrl = 2001/09/29 14:58:14 

Data at RHIC for Au beams with 
E = 100 GeWnludeon 

The summed energy in th!e 
prototype endcap EMC is very 
different for Yellow ring beam-gas ’ 
events versus collision events, North calorimeter summed p.h. (ADC counts) 

as determined by conditions 
on the STAR ZDC’s. eost.west + collision, 23628 events 

For Au-Au collisions, we see events0 
with up to -230 GeV electron- 
equivalent energy. 

A 200 
I” 

21 000 

E 

c5 800 

$ + 600 u-l z 
: 300 z 

ZOO 

North calorimeter summed p.h. (ADC counts} 

The count rate of pulses with electron 
equivalent energy >20 GeV is sensitive 
to collisions, as evidenced by 
measurements during a van der Meer 
scan at the STAR interaction region. 
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We observe single evidence that are similar to those expected for 71’ -+ ‘yy decay 
for Au-Au collision events. These events are rare, but have the expected 
signatures: 

- a significant fraction of the energy deposited into a single calorimeter tower. 

- two peaks in both the x,y shower-maximum detector planes. 

. large energy deposition (-5 MIP’s) in the preshower tile of the high tower. 
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STAR Beam-Beam Counter 
Front View 

rsi l-2 

STATUS STATUS 

l Mechanical support frame manufacturing complete. 

. Photomultiplier tubes and magnetic shields on hand. 

. PMT light-tight box manufacturing completed by -IO/15 

l Scintillator machining completed by -1 O/l 8. 

- Tests of triggering electronics underway. 
I63 
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Primafy detectors: 

l Time-Projection Chamber 

l Barrel Electromagnetic Calorimeter (EMC) pat& 

Currently commissioning Barrel EMC.. . . 

C’c n’(‘I’;l~( ‘: 0 < ‘1) < 1 : 1 .-I *< ; c 2.8 IWl i 12 IIlO~llllf’~) . 

Typical Au- Au ‘central event’ from Sept. 2001: 25-50x tower 
occupancy 

[ Current event for bemc 1 
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PHENIX Status and Plans 

I4 Grosse Perdekamp 

FWIC Spin Collaboration Meeting 
October 1,200l 

RIKEN BNL Research Center, Brookhaven National Laboratory 

165 



Subsystem Readiness 

Tracking 
Calorimetry 
Luminosity Monitor 
DAQ/Level2 Trigger 
Level 1 Trigger 
Slow Control 
Monitoring 
PRDF 

Trigger Mix and Goals 

RHIC Spin Collaboration Meeting. October 1.2001. Matthiar Grosse Pad&amp. RBRC 

DetectorConfQwationfot pp PtiENlX Dckctor - Second Year Physics Ron 

^ . . . I  

Central Arm Tracking 
Ddtl Chamber 
Pad Chambers 
Tie Expansion Chamber 

Muon Am Tracking 
Muon Tracker 

Calorimetry 
F%Gl and PbSc (ran halanc‘c. Iz\cl 

Particle Id 
Muon Identier tlc\cI 1) 
RICH 
TOF 
TEC 

PHENIX Status and Plans 2 RHIC Spin Collaboration Meeting. October 1.2001 
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Central Arm Ir&3&tg 

DC: West chamber re-build. gas additive, 
new high voltage configuration: 

& = 0.85 + 0.97 (single wire) 

o=lZOpm (design: 150pm) 

PC: PC2 + PC3 inserted in west arm 

TEC: Instrumented 2 additional sectors 

PHENIX Status and Plans 3 RHIC Spin Collaboration Meeting. October 1.2001 I 

West Arm: DC+ PC1 + PC2 + PC3 
F&SC Am : DC+ PC1 + PC3 +TEc 

Musn Arm 

South Muon 
Installed 

Tracker 

Raw di-muon 

Correlation: muld hits VI BBC charg 

j :::~ 

Wml MulD Total Hits 

PilENIX Status and Plans 4 RHIC Spin Collaboration Meeting. October 1. 2001 
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L 

l Added 1 PbGl (EO) and 3 PbSC sectors 
(E2,E3,W2,W3) 

l Trigger cards 10 k imtailed tS day51 
l All sectors calibrated and operational 
l l,sv~l 1 tripper rquires raw gain calibration 

PHENIX Status and Plans 5 RHIC Spin Collaboration Meeting. October 1.2001 

- _ . 

RKH 

l Fully operational 
l Trigger car& 10 tx in~talkd ( I dq 1 

Electron spectrum 

PHENIX Status and Plans 6 RHIC Spin Collaboration Meeting. October 1,2001 
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Monitor 

ZDC 
BBC 

: NTC 
BBCljNTC 

x . otot 
1% 

66% 
85% 

90% 

Strategy: 

GIIP: 4 event scalers/bunch crossing (inhibit 
from DAQ busy). 

A large acceptance normalization trigger 
(BBC 1 1 NTC) will be used in low intensity 
runs to calibrate the ZDC and BBC coinci- 
dences as luminosity monitors. 

PHENIX Status and Plans 7 RHIC Spin Collaboration Meeting. Octobm 1.2001 

-- -. - , 

Asynimetries from HMa~a 
-~yw..BaspRa 

L = number of triggers (BBC or ZDC) 

A = (red-black) / (red-tblack) = (1.86H).14)% 

PHENIX Status and Plans 8 RHIC Spin Collaboration Meeting. October I.2001 
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ito Asjrr’nr’neties iri Au + Au 
s&p Bazii 

Select peripheral events 
z’s from event mixing technique 

03 

Runs 26180 and 26183 
with OSMevents: 

0.1 

i’ 

’ 
_ 

A = (:4.3ti.5)% .- 4.. 

PHENIX Status and Plans 9 RHIC Spin Collaboration Meeting. October 1.2001 

Run 26180 (no centrality selection) 
with O.lMevents: 

h+*- : raw asymmetry 1 :I 

PHENIX Statlls and Planr IO RHIC Spin Collabcration Meeting. October I. 2 
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“.. ^ ..^. 

DAQ/J..eveI 2 

Interaction region Countingroom 
& RHIC 
2 Computin 

ll 3 = Facility 
8 

PHENIX Status and Plans 11 RHIC Spin Collaboration Meeting. October 1.2001 

~ 
kvet 3 trigger 

Muon Arm: 
a) Custom FPGA board (muID-LLl) which’finds horizontal 

and vertical roads pointing to the vertex in the muon 
identifier. 

b) CAMAC based coincidence of muon identifier 
gaps. Resolution limited to quadrants. no vertex pointing. 
vulnerable to cosmic+> requires NTC. 

Central Arm: 
a) Custom LLI which analyses and correlates threshold information 

from 172 trigger tiles in the EMC (4 thresholds) and 256 trigger 
tiles in the RICH (l threshold). 

b) CAMAC based trigger using coarse trigger tiles. 16 trigger tiles in 
the EMC (3 thresholds) and 16 triger tiles in the RICH. 

Minimum Bias: 
a) NTC 11 BBC 
b) Clock 

PHENIX Status and Plans 12 RHIC Spin Collaboration Meeting. Octcber 1.2001 
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Item 
bunch pattern 
beam currents 
polarization pattern 

,polarimeter information 
GLl scalers vs bunch, configuration 
GLTP scalers 
level 1 configuration. pre-scale factors 
level 1 rates and rejection 
level 1 trigger bit information 
level 2 configuration. pre-scale factors 
Ieve! 2 rates and rejection 
level 2 scalers. 
level 2 monitoring 
detector performance vs bunch configuration 
NTC 

,Objectivity 

yes 
‘yes 

yes 

no 
no 

Yes 
no 

‘no 
-yes 
no 

.v 
;Yes 
.no 

-yes 

PRDF 
’ yes(header) 
yes(header) 
yes(header) 
yes(header) 
yes(event) 
yes(event) 
.yes(header) 
no 

yes 
.yes(header) 
no 
yes(event). 
yes(header) 
no 

yes 

yes 

Yes 
,yes 
yes 

yes 
yes 
yes 
yes 
yes 

: yes 

yes 
yes 
,yes 
yes 
Yes 

PHENlXStatur and Plans 13 RHIC Spin Collaboration Meeting. October I.2001 

Asstmptions 

NTC and TO detector installation time does not corn& out of the 8 weeks time. 

3 weeks of polarized p-p beam setup. 

Luminosity of 5 x 1030cm2 set-l (raw interaction rate of 250 Khz). 

Greater than 50% beam polarization. 

1 week of running with transverse spin polarization to get about 1 pb-l. 

4 weeks of running with longitudinal spin polarization to get about 4 pb-l. 

I 9 PHENIX Status and Plans 14 RHIC Spin Collaboration Meeting. October 1.2001 I 
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I) Obtain p-p reference data for comparison with the data from the HI runs. 

II) Place first constraints on the gluon polarization in the proton through pion 

production in the central arms. 

III) Establish the first measurement of spin asymmetries in J/Psi production in 

the muon arm. 

IV) Search for any transverse spin effects. 

PHENIX Status and Plans 15 RHIC Spin Collaboration Meeting. October 1.2001 

Spin HI - comparison trigger rate 

2 A:’ Z-” - p, -spectrum EMC 4x4 tiles > 2 and 3 GeV 0.2kHz 

2 
Ah”- 

5 A;.-, A;‘- 

h+‘- - P, -spectrum EMC 2x2 tiles > 0.9 G4V 1.4kHz 

single .57+.-. l/y EMC 2x2 tiles > 0.9 CeV @RICH O.lkHz 

NA Q, 2xRICH+30 O.lkHz 

E 
fi 
6 AI” J/W 1 deep muon (last muld gap) 0.2kH.z 

s 
Clock min bias OSkHz 

NTCl 1 BBC min bias OSkHz 

Total 3.0kHz? 

m Need charged hadron level 2 trigger 

PHENIX Status and Plans 16 RHIC Spin Collaboration Meeting. October 1. 2001 
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0 0.2 0.4 OS 

,.. 

Trigger Bandwidth allocation 
will be finalized from 

PHENIX StaNs and Plans 17 RHIC Spin Collaboration Meeting. October 1.2001 

_ 

SeiWivities 
Yuji Got0 “. 

r: 

* c.04 

,“~‘I~ ~~1’~~‘1~~~‘11~~~1~~‘~ 

GS95-NLO-A for Spb-‘, 50% polarization 

0.335 

0.03 

0.725 

0.02 

0.315 

0.01 

0.305 

- 

PHENIX Status and Plans 18 RHIC Spin Collaboration Meeting. October 1.2001 
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_ 

conclusion 

Balance between HI comparison running and spin 
is possible. 

NTC, trigger, DAQ and spin specific data+monitoring 
need to be finalized. 

Requires 1 week of access between Au and p run. 

PHENIX Status and Plans 19 RHlC Spin Collaboration Meeting. October 1.2CCI 
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Luminosity Monitoring and Bunch 
Current 

ff. sat0 

RHIC Spin Collaboration Meeting 
October 1,200l 

IRIKEN BNL Research Center, Brookhaven National Laboratory 
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Luminosity Monitoring and 
Bunch Current 

Hiroki Sato, Kyoto Univ./RKEN 
CHIC Spin Collaboration Meeting VI 
October 1,200l 

l Introduction 
l Features of bunch-by-bunch current 
l Comparison of bunch-current product and event rate at PHENIX 

Needs for lum.inosity measurement for spin 
physics 

A = 1 N,, / L++ - N+- / L+- 

LL PB1PB2 N++ 1 L,, + N+- /L+- 

l Need to measute crossing-by-crossing luminosity to obtain physics 
asymmetry 

l Our goal is S(L++/L+-) - lo4 
l How to measure luminosity? 

1, Use bunch-current product (from CDEV) 
2. Use scaler values fi-om experiment (BBC,ZDC,NTC,. . .) 

* Actually we need both since 2 can be spin-dependent 
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Features of Bunch Current.. . 

RHIC Beam Intensity Fri Sep 28 00:t~0z012001 

, 
20000 

10000 

;r 0 
03:OQ 06:IHl 09:oo 12.00 159 8~00 21:oo 0o:oo 1 

Time 

- blulons - yellowlons 

Bunch Current 
Bunch-by-Bunch Dependence 

9 
/Bunch-by-Bunch Current: Blue Ring 

I 

0.11 

o;,,,,‘,,,,‘,,,,‘,,,,‘,,‘,‘,, - 
0 10 20 30 40 50 

Bunch-by-Bunch Current; Yellow Ring 
I !.: 

Bunch # Bunch # 

l Maximum difference -20% 
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Bunch Current; Time Dependence 

4” 9/27/2001 
0 

2 
15:53 17:27 - 

% Moan - 254.7 

100 200 300 400 500 

I Current Fluctuation I x10 set 

100 

50 

r 
Jk.5 

n I 
proiection current 

(Data-Fit)/Fit Nat-534 
Mean -0.ooo12~ II 

,,,!1,,~~~~~~~~ ,_,,,,,,,,,,,,,,, 
-0.4 -0.3 -0.2 -0.1 -0 0.1 0.2 0.3 0.4 0.5 

l Bunch current attenuation - 0.3%/min. 
l Time fluctuation - 1.3% 

I Expo Fit: Const Expo donst 

3ok n 
Nent - 120 
MPan -nm 

25 
20 
15 
10 
5 
0 

1 g/27/2001 15:53 - 17:27 

T 

0 0.1 0.2 0.3 Q.4 0.5 0.6 0.7 -0.08 -0.06 -0.04 -o.oi! 0 l/l Osec 

Bunch Current Fit Parameters 

Mean - 0.0119 
RMS -0.0044a3 

l Bunch current and decay slope are different bunch by 
bunch as well as ring by ring 
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Event Rate vs. Bunch Current Product 

I Ram I Projection ofthe Ratio 

’ ym 
6omo- +i++++++*t+ 

sowo-(9 

+ +w +%@++++tw*++ 
0 t+ 

4aooo- 
3wuo- mtio 

0 Nellt-62 
2(1004- 

lOOOIl- 
o’~~~~“~‘~‘~~~~‘~~~~‘~~~~‘*~~~I 
0 10 20 30 40 50 

-L I In 

l Fluctuation found on some bunches 

Coincidence vs. ZDC only 
g/27/200 1 
15:53 - 17:27 

1 Ratio I 
5t I I 

4 1, 

1 
3 +++ 

4 

++ + 
++ + ++4+*+ +rrc+“+++*+?t++ ’ 

Projection ofthe Ratio 
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Fake Asymmetries 

l;iatlon / +-+-... II+-+--... ) y-y----*.. ( 

1 ;~~vem;~~ ) -0.0025 / 0.0076 / -0.035 ) 

Event -0.0002 0.0040 0.0077 
rate/current 
product 

Stat. Error - 0.003 
“bad” crossings are removed 

Summary 

l We need to get crossing-by-crossing luminosity to 
obtain physics asymmetry. 

l Bunch current differs bunch by bunch (-20%). 
l Current decay rate also differs bunch by bunch. 
l There is l-2% time fluctuation of bunch current 
l Fluctuation of the ratio of the bunch-current 

product to trigger rate at PHENIX was found for 
some bunches. 

l Fake asymmetry < 0.003 is achieved 

182 



EWIC Spin Collaboration Meeting VI 
October 1,200l 

RIKEN BNL Research Center 

LIST OF REGISTERED PARTICIPANTS 

NAME 
Christine Aidala 

Mei Bai 

Alexander Bazilevsky 

Les Bland 

Alessandro Bravar 

David Brown 

Stephen Bueltmann 

Gerry Bunce 

Nigel Buttimore 

William B. Christie 

Ernst Courant 

AFFILIATION AND ADDRESS 
BNL 
Bldg. 51 OC 
Upton, N.Y. 11973-5000 
BNL 
CA Dept, Bldg. 911B 
Upton, N.Y. 11973-5000 
RBRC 
Bldg. 510A 
Upton, N.Y. 11973-5000 
BNL 
Physics, Bldg. 5 1 OA 
Upton, N.Y. 11973-5000 
BNL 
Physics, Bldg. 510A 
Upton, N.Y. 11973-5000 
BNL 
Upton, N.Y. 11973-5000 
BNL 
Physics, Bldg. 510 
Upton, N.Y. 11973-5000 
RBRC 
Bldg. 510A 
Upton, N.Y. 11973-5000 
School of Mathematics 
University of Dublin 
Trinity College 
Dublin 2, Ireland 
BNL 
Bldg. 510A 
Upton, N.Y: 11973-5000 
BNL 

E-MAIL ADDRESS 
caidala(iibnl.gov 

mbai@bnl.qov 

shura@bnl.~ov 

bland@bnl.gov 

bravar@bnl.gov 

browndr@rcf2.rhic.bnl.pov 

bueltmann@bnl.~ov 

bunce@bnl.pov 

nhb@maths.tcd.ie 

Wilham.b.Christie@auark.nhv.bnl.gov 

courant@bnl.qov 
C-AD, Bldg. 9llB 
Upton, N.Y. 11973-5000 
RBRC 
Bldg. 510A 
Upton, N.Y. 11973-5000 
BNL 
Bldg. 911B 
Upton, N.Y. 11973-5000 
RBRC / University of New Mexico 
Bldg. 510A / 800 Yale NE 
Uuton, N.Y. / Albuquerque, NM 
li973L5000 187131 - 
RBRC 
Bldg. 510A 
Upton, N.Y. 11973-5000 
Columbia University 
New York, New York 
Texas A&M University 
Cyclotron Institute 
College Station, TX 77843 

abhav@bnl.qov 

drees@bnl.aov 

fields6&rnm.edu 

bfox@bnl.aov or deni@bnl.qov 

$%antz@,phvs.columbia.edu 

cqgroun@comn.tamu.edu 

Abhay L. Deshpande 

Angelika Drees 

Douglas E. Fields 

Brendan Fox 

JustinFrantz ’ 

Carl A. Gagliardi 

list of participants 
183 

10/10/2001 



RHIC Spin Collaboration Meeting VI 
October 1,200l 

RIKEN BNL Research Center 

LIST OF REGISTERED PARTICIPANTS 

: ,‘&A&& .’ ‘- ,. ... AFFILIATION ANDADDRESS E-MAIL.ADDRESS ‘. : 
Yuji Goto RBRC goto@bnl.gov 

Bldg. 510A 
Upton, N.Y. 11973-5000 

Matthias Grosse Perdekamp RBRC Matthias@bnl.gov 
Bldg. 510A 
Upton, N.Y. 11973-5000 

Wlodek Guryn BNL gurvn@bnl.gov 
Bldg. 51OC 
Upton, N.Y. 11973-5000 

Tim J. Hallman BNL hallman@bnl.gov 
Bldg. 510A 
Up&, N.Y. 11973-5000 

Haixin Huang BNL huanghai@bnl.aov 

George Igo 

Osamu Jinnouchi 

Nobuyuki Kamihara 

Tom Kirk 

Joanna Kiryluk 

Kazuyoshi Kurita 

Ming Liu 

Alfred0 Luccio 

Thomas Ludlam 

Waldo Mackay 

Falk Meissner 

Akio Ogawa 

Bldg. 91 IB 
Upton, N.Y. 11973-5000 
BNL 
Bldg. 902B - STAR 
Upton, N.Y. 11973-5000 
RBRC 
Bldg. 51 OA 
Upton, N.Y. 11973-5000 
RBRC / Tokyo Institute of Tech. 
Bldg. 51 OA / Tokyo 
Upton, N.Y. 11973-5000 /Japan 
BNL - Directors Office 
Bldg. 510F 
Upton, N.Y. 11943-5000 
UCLA 
Physics & Astronomy 
405 Hilgard -Ave. 
Los Angeles, CA 90095-1547 
RBRC 
Bldg. 510A 
Up&, N.Y. 11973-5000 
BNL 
Bldg. 902C 
Upton, N.Y. 11973-5000 
BNL 
Bldg. 9llB 
Up&, N.Y. 11973-5000 
BNL - Directors Office 
Bldg. 510 
Upton, N.Y. 11973-5000 
BNL-CAD 
Bldg. 1005s 
Upton, N.Y. 11973-5000 
Lawrence Berkeley National Lab 
1 Cyclotron Rd. 
Berkeley, CA 94704 
BNL - STAR 

&o@phvsics.ucla.edu 

josamu@Xml.gov 

kamihartibnlgov 

tkirk@bnl.gov 

joanna@vhvsics.ucla.edu 

kinin&bnl.gov 

min~@bnl.gov 

luccio@bnl.gov 

ludlam@bnl.gov 

mackav@bnl.gov 

FMeissne&.?lbl.gov 

akio@bnl.rzov 
Bldg. 510 
Upton, N.Y. 11973-5000 

list of participants 10/10/2001 



IXHIC Spin Collaboration Meeting VI 
October 1,200l 

RIKEN BNL Research Center 

LIST OF REGISTERED PARTICIPANTS 

NAME 
Shigemi Ohta 

Satoshi Ozaki 

Stephen Pate 

Greg Rakness 

Thomas Roser 

Naohito Saito 

Hiroki Sato 

Nicholas Samios 

Edward J. Stephenson 

AFFILIATION AND ADDRESS E-MAIL ADDRESS 
RBRC / KEK Shigemi.ohta@kek.in 
Bldg. 510A 
Upton, N.Y. 11973-5000 
BNL - Directors Office oszki@bnl.gov 
Bldg. 510 
Upton, N.Y. 11973-5000 
BNL / New Mexico State University pate@umsu.edu 
Bldg. 51 OC w PHENM 
Upton, N.Y. 11973-5000 
Indiana University rakness@iucf.indiana.edu 
2401 Milo B Sampson Ln. 
Bloomington, IN 47408 
BNL roser@bnl.gov 
Bldg. 91 IB 
Upton, N.Y. 11973-5000 
RBRC / RLKEN saito@bnl.gov 
Bldg. 510A 
Up&, N.Y. 11973-5000 
RBRC satohiro@bnl.zov 
Bldg. 510A 
Upton, N.Y. 11973-5000 
BNL SamioslO,bnl.gov 
Directors Office 
Bldg. 510A 
Upton, N.Y. 11973-5000 
Indiana University Cyclotron Facility stenhens@iucf.indiana.edu 

Dmitry svirida 

Atsushi Taketani 

2401 Milo B. Sampson Lane 
Bloomington, IN 47408 
Jnstitute for Theoretical and 
Experimental Physics 
25 B. Cheremushkinskaya 
117259, Moscow, Russia 
RBRC ’ 

dmitrv.svirida@iten.ru 

taketani@bnl.gov 

Michael J. Tannenbaum 

Junji Tojo 

Hisayuki Torii 

Stephen Trentalange 

Larry Trueman 

Bldg. 510A 
Upton, N.Y. 11973-5000 
BNL 
Physics, Bldg. 51 OC 
Upton, N.Y. 11973-5000 
RBRC / Kyoto University 
Bldg. 510A 
Upton, N.Y. 11973-5000 
RBRC / Kyoto University 
Bldg. 51 OA 
Upton, N.Y. 11973-5000 
UCLA 
Physics & Astronomy 
405 Hilgard Ave. 
Los Angeles, CA 90095-l 547 
BNL 
Physics, Bldg. 510 
Upton, N.Y. 11973-5000 

- - 

mit@bnl.gov 

toio@bnl.gov 

htorii@bnl.gov 

trent@nhvsics.ucla.edu 

trueman@bnl.gov 

list of participants 10/10/2001 
185 



RHIC Spin Collaboration Meeting VI 
October 1,200l 

RIKEN BNL Research Center 

LIST OF REGISTERED PARTICIPANTS 

p&qgfE ‘:, ‘. _. : AFFILIATIOtiAND.ADDRESS. E-M& ADDRESS .’ 
David Underwood HEP Argonne dgu@hen.anl.gov 

Argonne National Labortory 
Chicago, IL. 60439 

Fleming Videbaek BNL 
Physics -‘Bldg. 51 OD 

videbaekG?bnl.r 

Werner Vogelsang 

Yiqun Wang 

Charles A. Whitten Jr. 

A. Zelenski 

Upton, N.Y. 11973-5000 
RBRC 
Bldg. 51OA 
Upton, N.Y. 11973-5000 
BNL / University Texas 
23 Belmont Drive 
Shirley, N.Y. 11967 
UCLA 
Department of Physics 
405 Hilgard Avenue 
Los Angeles, CA 90095 
BNL - CAD 
Bldg. 930 
Upton, N.Y. 11973-5000 

wvogelsang;@bnl.gov 

vowarM&hvsics.utexas.edu 

whitten@vhysics.ucla.edu 

zelenski@bnl.gov 

list of participants 
186 

10/10/2001 



RJKEN BNL Research Center 
RHIC Spin Collaboration Meeting VI 

October 1,200l 
Small Seminar Room, Physics Dept., Brookhaven National Laboratory 

Ouenincr Session Chair: Tim Hallman 

09:OO - 09:lO Welcome ..................................................................... 
09: 10 - 09:2§ Comments on PAC - Presented by Gerry Bunce ............ 
09:25 - 09:40 RHIC spin Plan.. ........................................................ 
09:40 - 10:20 Theory Topics in Year-l and Beyond.. ...................... 

lo:20 - lo:40 Coffee Break 

Accelerator Session Chair: Les Bland 

lo:40 - 11:lO Overall Commissioning Plan ..................................... 
11:lO - 11:2§ OPPIS Status ............................................................... 
11:25 - 11:40 200 MeV Polarimeter ................................................. 
11:40 - 12:00 AGS Commissioning.. ................................................ 
12:00 - 12:15 Spin Flipper Status ..................................................... 
12:15 - 12:30 Spin K Status .............................................................. 
**Room must be cleared by 12:30. Thanks. 

12:30 - 13:30 Lunch 

Polarimeter Session Chair: Ntiohito Saito 

13:30 - 13:50 RHIC Polarimeter Updates.. .......................................... 
13:50 - 14:05 E950 Results.. ................................................................ 
14:05 - 14:20 Analysis of RHIC Polarimeter - 2000.. ......................... 
14:20 - 14:3§ How We Combine E950 & RHIC Polarimeter Results. 
14:35 - 14:50 Data Format for RHIC Polarimeter.. ...................... 
14:50 - 15:0§ Local Polarimeter Status.. .................................. 
15:05 - 15:20 Polarimeter for Longitudinal Polarization ................ 

15:20 - 15:50 Coffee Break 

Experiment Session Chair: Gerry Bunce 

15:50 - 16:15 BRAHMS.. ................................................ 
16:15 - 16:40 pp2pp ....................................................... 
16:40 - 17:05 STAR ....................................................... 
17:05 - 17:30 PHENIX.. ................................................. 
17:30 - 17:45 Luminosity Monitoring & Bunch Current ............. 

N. Samios 
T. Kirk 
G. Bunce 
W. Vogelsang 

W. Mackay 
A. Zelenski 
E. Stephenson 
H. Huang 
M. Bai 
A. Luccio 

D. Svirida 
J. Tojo 
0. Jinnouchi 
D. Fields 
K. Ku&a 
B. Fox 
F. Meissner 

F. Videbaek 
S. Bueltmann 
G. Rakness 
M. Grosse Perdekamp 
H. Sato 

187 



188 



Pictures 

RHICSp/lir Collaboration Meeting VI 
October I, 2001 

RIKEN 6NL Research Center 
Brookha yen National Laboratory 

189 





Additional RIKEN BNL Research Center Proceedings: 

Volume 36 - RHIC Spin Collaboration Meeting VI - BNL- 

Volume 35 - RIKEN Winter School - Quarks, Hadrons and Nuclei - QCD Hard Processes and the 

Nucleon Spin - BNL- 

Volume 34 - High Energy QCD: Beyond the Pomeron - BNL- 

Volume 33 - Spin Physics at RHIC in Year-l and Beyond - BNL-52635 

Volume 32 - RHIC Spin Physics V - BNL-52628 

Volume 31 - RHIC Spin Physics III & IV Polarized Partons at High Q2 Region - BNL-52617 

Volume 30 - RBRC Scientific Review Committee Meeting - BNL-52603 

Volume 29 - Future Transversity Measurements - BNL-526 12 

Volume 28 - Equilibrium & Non-Equilibrium Aspects of Hot, Dense QCD - BNL-52613 

Volume 27 - Predictions and Uncertainties for RHIC Spin Physics & Event Generator for RHIC 

Spin Physics III - Towards Precision Spin Physics at RHIC - BNL-52596 a 

Volume 26 - C&urn-Pan-Pacific RIKEN Symposium on High Energy Spin Physics - BNL-52588 

Volume 25 - RHIC Spin - BNL-52581 

Volume 24 - Physics Society of Japan Biannual Meeting Symposium on QCD Physics at RIKEN 

BNL Research Center - BNL-52578 

Volume 23 - Coulomb and Pion-Asymmetry Polarimetry and Hadronic Spin Dependence at RHIC 

Energies - BNL-52589 

Volume 22 - OSCAR II: Predictions for CHIC - BNL-52591 

Volume 21 - RBRC Scientific Review Committee Meeting - BNL-52568 

Volume 20 - Gauge-Invariant Variables in Gauge Theories - BNL-52590 

Volume 19 - Numerical Algorithms at Non-Zero Chemical Potential - BNL-52573 

Volume 18 - Event Generator for .RHIC Spin Physics - BNL-52571 

Volume 17 - Hard Parton Physics in High-Energy Nuclear Collisions - BNL-52574 

Volume 16 - RIKEN Winter School - Structure of Hadrons - Introduction to QCD Hard Processes - 

BNL-52569 

Volume 15 - QCD Phase Transitions - BNL-52561 

Volume 14 - Quantum Fields In and Out of Equilibrium - BNL-52560 

Volume 13 - Physics of the 1 Teraflop RIKEN-BNL-Columbia QCD Project First Anniversary 

Celebration - BNL-66299 

Volume 12 - Quarkonium Production in Relativistic Nuclear Collisions - BNL-52559 

Volume 11 - Event Generator for RHIC Spin Physics - BNL-66116 

Volume 10 - Physics of Polarimetry at RHIC - BNL-65926 

Volume 9 - High Density Matter in AGS, SPS and RHIC Collisions - BNL-65762 

Volume 8 - Fermion Frontiers in Vector Lattice Gauge Theories - BNL-65634 

Volume 7 - RHIC Spin Physics - BNL-65615 



Additional RIKEN BNL Research Center Proceedings: 

Volume 6 - Quarks and Gluons in the Nucleon - BNL-65234 

Volume 5 - Color Superconductivity, Instantons and Parity (Non?)-Conservation at High Baryon 

Density - BNL-65 105 

Volume 4 - Inauguration Ceremony, September 22 and Non -Equilibrium Many Body Dynamics - 

BNL64912 

Volume 3 - Hadron Spin-Flip at CHIC Energies - BNL-64724 

Volume 2 - Perturbative QCD as a Probe of Hadron Structure - BNL-64723 

Volume 1 - Open Standards for Cascade Models for RHIC - BNL64722 



For information please contact: 

Ms. Pamela Esposito 
RIKEN BNL Research Center 
Building 5 1 OA 
Brookhaven National Laboratory 
Upton, NY 11973-5000 USA 

Ms. Tammy Heinz 
RKEN BNL Research Center 
Building 5 1 OA 
Brookhaven National Laboratory 
Upton, NY 11973-5000 USA . 

Phone: (631) 344-3097 
Fax: (63 1) 344-4067 
E-Mail: pesvositabnl. gov 

(63 1) 344-5864 
(63 1) 344-2562 
theinzmbnl. g;ov 

Homepage: htttx//auark.vhv.bnl.e;ov/www/riken.html 
httw//venrruin.vhv.bnl.rrov/www/riken.html 



RIKEN BNL RESEARCH CENTER 

RHIC Spin Collaboration 
Meeting VI 

October 1,200l 

Li Keran 

Speakers: 
M. Bai 
B. Fox 
T. Kirk 
F. Meissner 
E. Stephenson 
W. Vogelsang 

.1 
..-----.__ 

CopyrightOCCASTA 

Through coilisioti 
Generate new states of matter. 

T.D. Lee 

S. Biiltmann G. Bunce D. Fields 
M. Grosse Perdekamp H. Huang 0. Jinnouchi 
K. Kurita A. Luccio W. Mackay 
G. Rakness N. Samios H. Sato 
D. Svirida J. Tojo F. Videbaek 
A. Zelenski 

Organizers: Les Bland & Naohito Saito 


