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Program with Tagged Forward Protons at STAR

1. Need detectors to measure forward protons: t - four-momentum transfer squared,
§ = Ap/p, My invariant mass Roman Pots of PP2PP and;
2. Detector with good acceptance and particle ID to measure central system: STAR

Phase | RPs

— Phase Il RPs 55.5,58.5m

oy T PP e —
o o ] S

Q4 Q3 DO e

1. Roman Pot (RP) detectors to measure forward protons
2. Staged implementation for wide kinematic coverage
* Phase |, present- low-t coverage

* Phase II*, no special conditions required, expect data taking in
2015 higher-t coverage, large data samples
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Helicity amplitudes for spin 2 %

Witodek Guryn

Matrix elements

¢, (s,t) = (++| M | +-) single spin flip
¢, (s:1) = g™ (5.1)+ 4" (s.2)
da — 4 1
Ay (s,) ” Im{ s (¢ + by + 5 — ¢4)J

N = o (f)+(7 (t) 1 ﬂlp non ﬂz 2 ﬂzp non flip

Im[p ;® me
() B e - e

do/dt
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Polarized cross-sections and spin parameters

Cross-section azimuthal angular dependence for transversely polarized beams:

n -is the normal vector to the scattering plane
X P

§=—=
_ |nxp]
P,; P, - polarizations of two colliding beams

- is the vector in the scattering plane, normal to the initial momentum

Ay — polarization normal to
o1 the scattering plane
1i+11  Ags — polarization vector in
the scattering plane

ot _

Double-spin asymmetry Ay A =

T+l +

O (o)

d*o _do
didg  dr

2T (1 +(P, + P)A, cosp + ISBPY (Ayy cos” @ + A, sin’ ¢)j)

v

e9(p) = PpPy((Ann + Ass)/2 4+ (Ann — Ass)/2 - cos 2p)
N J
Y
No angle dependence

Luminosity normalization required to obtain g(¢)

Witodek Guryn Diffraction 2014, Primosten, Sept. ,2014 4



Cross sections and spin asymetries

4

4
Oor = Tﬂ Im{ ¢1 + ¢3 }t=0 = T Im¢ ‘

a’o 2n
{|¢1| |0y P+ 037 + (¢4 +4|¢5|}
dt S
Aoy = 0”—0T=——Im{q)2}t0

Ay (s:) = 47 _ 4’5 {2\@\2 +Relg'p, — 5, )}

gy (5,1) 6;‘: M Relpds + 0,0 )
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Probing Odderon in polarized pp elastic scattering

E.Leader, T.L.Trueman
“The Odderon and spin dependence of
high-energy proton-proton scattering”,
PR D61, 077504 (2000)

Pomeron and Odderon are 90deg out of
phase 5% Odderon contribution — 5% Ay

T.L.Trueman
“Double-spin asymmetry in elastic
proton-proton scattering as a probe

for the Odderon”,
arXiv:hep-ph/0604153v1 (2006) -

08y
.ot Regge poles only ‘l‘

.04}
.02} 100 x Ann(200, t, BOf=0)

0.005 0.0L0.015 0.02 0.025 0.03
-t

o o o o

-0.02¢
-0.04;

-0.06H -

ANN(200, t,BOf=Bpf)

S=5002 GeV?
0.002
ANN R
0.001
/ $=2002 GeV?
0.
-0.001
-0.002
Aw  270%° Odderon spin-flip coupling =

0.004

0.002

Pomeron spin-flip coupling

0.005.014.0150.020.0250.03 4

ANN

(b)

Odderon spin-flip coupling =
p spin-flip coupling

Regge poles and cuts  (c)

Witodek Guryn
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RPs at STAR —small t setup

Vertical AND Horizontal RP setup for a complete ¢ coverage

Two separate beam lines

EV EH Top View WH WV
p P —e—9 A A0 GE ? 5 [
ot 3m 7 IT 1
P awal = &v awa)
% W/ DX STAR DX W/ 4
L hd @3-Q1 DO DO Q1-Q3
P P 0 n | { |
-555m 0 555 m
P+tp—>p+p

Side View

y
EVU EHO WHO WwWJ
p--p=@.0)-(C6-0) LT - 3. L,

Scattered y-detector (silicon)
proton

An elastic event has two collinear
protons, one on each side of IP
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The Setup: few pictures

TN

Roman Pot station in RHIC tunnel Roman Pot and Si detector package
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Experimental Conditions for this Data Set

« Both beams were transversely polarized with Pg,P, ~ 60%
polarization.

» Excellent detector performance — nearly 100% efficiency and
only 5 dead/noisy strips per ~14000 active strips.

21T acceptance in .

* |deal optics B*=21m and terms other than Lg¢ in the transport
matrix were very small.

« 0.003 <-t<0.03

A good statistics of about 2-107 elastic events with background
less than 1%, in four days of data taking.

PP, = 0.372+0.052

*Averaged for data period from the official Run’09 CNI polarimeter results
https://wiki.bnl.gov/rhicspin/Results
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Single spin Ay asymmetry result
Phys. Lett. B719 (2013) 62-69

g

o

W
lll!lllllllllllll

-

o

—h
-H'_L.i I

o

==r,=0

— best fitted r,

¢,(s,2) ¢ (++ | M | ++) < non - flip
¢, (s,1) x (++ | M | ——) < double - flip
¢ (s,t) x (+— | M | +-) < non - flip
¢,(s,2) x (+— | M | —+) < double - flip

@< (5,1) « (++ | M | +=) < single — flip

PORE TN T NN TRNNE TRNNE TN TN NN TN N WY TN [NNNY TN TN TN T NN ST TN Y TN (Y T 1
0.005 0.01 0.015 0.02 0.025

-t [(GeV/c)]

Witodek Guryn

1 !
o (1)-0'(1) <on * | had A had
b= oG I A 9

AN(t,m)“M r5 ﬁf£¢+

do/dt
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Result on A

Phys. Lett. B719 (2013) 62-69

* a) This work\'s=200GeV

- —— Stat. Error ; L * i b) RHIC pp2pp \s=200GeV

0.05- ----- Stat.+Syst. Error | .-~ .
i Lo ; : ¢) RHIC H-jet\s=21.7GeV

® d) FNAL E704\s=19.4GeV
_________ e Ay ® e) RHIC H-jet\s=13.7GeV

f) RHIC H-jet\'s=7.7GeV

Im rg
o
I
AN
[ ]

\/ T g) RHIC H-jet\'s=6.8GeV

= 1) anomalous moment

-0.05 _— : —.— : 2) quark-diquark
'_6.60'5 —— (”) —— (')Olos' — '- 3) two-pion exchange
Re r5 1 | | . | 11 I.i | I | |4)|";n!)a|clt IpIICtlurIeI 1 | 11
-0.4-02 0 0.204 0.6 08 1
Imr,

Re r; =0.0017 +-0.0017 (stat.) +-0.061 (syst.)
Im r = 0.007 +-0.03 (stat.) +- 0.049 (syst.)

Pomeron spin-flip is consistent with zero
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Ay — EXisting data

0.06
- e \s=6.8 GeV
- HJet@RHIC o N\s=13.7 GeV
0.04 — PRD79(09)094014 fit \s=6.8 GeV
e fit \s=13.7 GeV
0.02 — N | T
= B |
Z 0 =L
< - [
-0.02 |
) - pp2pp@RHIC
0.04 B Vs =200 GeV
- _— ______—___ PLB647(07)98
-0.06 - e —
10 10

-t (GeV/c)’
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Raw Double Spin Asymmetry

K’ Luminosity normalized

counts
LK @K (@)= (K @)+ )
(K™ (@) + K™ (¢) + (K (¢) + K™ (¢))
e,/(P_Py) forall -t 1 I ndf 79.29/70

(A FAss)2 -0.005988 + 0.000599
(A Ass)2  0.00147 +0.00089

£ (®)=P.P,(4, cos’ ¢+ A sin’ ¢

0.01

-0.01

o
T ==l
——
[ S—
. |
———
[ ——
———
R T—
T
t ———
R S —
——
R —
[ S—
R V—

-0.02

STAR PRELIMINARY

1 I 1 1 1 1 I 1 | 1 1 I Il 1 Il 1 I 1 1 1 1 I 1 1 1 Il I
-2 -1 0 1 2 3

-0.03

c-»_llllllll
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Ay result

(Ag*Ass)2 2 I ndf 2.594/3
0.02F- Re r 0.002156 + 0.007588
= [[7] stat. errors only Imr,  -0.002569 + 0.0003854
0.015 = —a&— Stat.+backgr. Rer, 351+ 0
0.01 ;— Imr, 0122+ 0
0.005— Rer, 0.0017+ 0
0 = 2 Imrg 0.007+ 0
0.005 i— * }
-0.01 E— T
0.015 f—
'0'02%. PR BT R S U NSRS A NS SR N S SR AR R
0 5 01 0.015 0.02 0.025 0.03 0.035
{ (9]» -t, (GeVic)
(A AsI2 7/ ;14) »2 1 ndf 4.2521/3
0.02 A Rer, 0.00216+ 0
Y Imr, -0.00257+ 0
0.015
Rer, 3.513+2.019
0.01 Imr, -0.1216 + 0.09552
0.005 Rer;g 0.0017+ 0
DA ST T S PRI Y-, SO 0.007+ 0

I|IIII|I\H‘IIII|HH III‘HH|IIIIJJHI|

* Error bars represent statistical only errors
(boxes) and total uncorrelated errors including
those due to background subtraction.

e Accurate formulas from: N.H. Buttimore et al.
[hep-ph/9901339]

* r; taken from A result from the same data
sample at STAR: Phys. Lett. B719 (2013) 62-69

* Grey bar — common systematic uncertainty on
(AyntAss)/2 due to luminosity normalization

0.005 * (AyntAss)/2 is small and consistent with Hjet
001 _ data, but higher precision
0.015 — Fitr
0.02 r;=0 (?INDF = 7.36/5 [ ! =‘ |
0 6005 001 0078 0.02 0.025 0.034! (Gewg.)g% (ANN ASS)/Z points average consistent with zero
Witodek Guryn Diffraction 2014, Primosten, Sept. ,2014 14



A\y Result: r, and r,

(]

EN 0 E Uncorrelated errors o *
S e £ 0% S
-0.001 f_ Total error 0 ; Total error

E C 7
-0.0015 ;— STAR -0.05 = (
002 PRELIMINARY 21—
-0.0025 f -0.15 f—
-o.oosi— 02F )
0.0035F— = STAR -

- | | 0B PRELIMINARY
-0.004 5565 0 0.005 0.01 Reor.f15 0.3k 01|2|§)‘ééRer

Avny + Agg do 4 .
' ~ 5 Re D1 P9 _ ) _
2 dt S *Imr, is well constrained — small negative value
Anny — Agg do 47 : : :
NN S5 ~ ——Re o407 *Rer, is consistent with 0
2 dt 52
*r, components are only 1.2¢ and 1.70 from O
‘had . . .
o) 11172)(_'),’4’“"1 *Rer, is large because of kinematic factor m?/t.
’)t) p— l- —
2 9 Lhad 4 L had : -
2 Im off [m o' * Assumption r,=0 is reasonable
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Summary

1. We have measured the single spin analyzing power A in polarized pp
elastic scattering at Vs = 200 GeV, with greatly improved precision at the
highest V's to date, in the CNI region, -t-range [0.005,0.035] (GeV/c)2.

2. Result on Ay is consistent with CNI, which does not have hadronic spin flip
amplitude (Phys. Lett. B719 (2013) 62-69 or arXiv 1206.1928 nucl-ex).

Re r; =0.0017 +-0.0017 (stat.) +-0.061 (syst.)
Im r = 0.007 +-0.03 (stat.) +- 0.049 (syst.)

3. This is the most precise measurement of the transverse double spin
asymmetries in the CNI region at collider energies performed. Over the
whole interval A, and A, are small and

Ayn=Ass= — 0.0051+0.0006(stat)+0.0010(sys)

4. The result may indicate non-zero Odderon spin flip coupling. More
theoretical work is needed.
5. The new Ay, Vvalue is in the region where lower energy results are.
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