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Spin Dependence 1n Elastic Scattering

Five helicity amplitudes describe proton-proton elastic scattering

¢1(S,t) o d <++ |M | ++> < non — ﬂlp ¢l~(S,l‘) _ ¢fm(S,t) + ¢l~had (S,Z)
9,(s,)  (++| M | ——) < double - flip b= V(6 + )

¢5(s,t) < (+— | M | +-) <= non —flip 2

bi(5.0) o (bo | M |—+) — double —ip = /2499

@5 (s,1) & (++ | M | +=) < single — flip 91 = ¢ + P

Some of the measured quantities are:

4
O (8) = —ﬂlm[qb+(s,t)]t= ,» Where o, gives s dependence of ¢,
s

2
‘;_‘: ~ZZ (1@ P 419, P +1¢, P +1¢, P +41¢, P) contributes to the shape of A,
\)

!

O -0
A =
N 1 y
O +0
RHIC/AGS Users Mtg. Wlodek Guryn BROOKHEAEN

June 21, 2005 NATIONAL LABORATORY

for pp2pp collaboration



Source of single spin analyzing power Ay

Single spin asymmetry A, arises in the CNI region is due to the interference of
hadronic non-flip amplitude with electromagnetic spin-flip amplitude.

Any difference from the above is an indication if other contributions, hadronic
spin flip caused by resonance (Reggeon) or vacuum exchange (Pomeron)
contributions.

B. Z. Kopeliovich and L. I. Lapidus Sov. J. Nucl. Phys. 114 (19) 1974
N. H. Buttimore, B. Z. Kopeliovich, E. Leader, J. Soffer, T. L. Trueman, Phys. Rev. D59, (1999) 114010.
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Experimental Determination of Ay

o' -o! 1 N/I'-N'/L
orAy = TR S
P. N /L +N'/L

beam

Use Square-Root-Formula to calculate spin ( 11, || ) and false asymmetries (1}, |1 ).

(P, + P)cosp- Ay \/N}T ()N (7 - @) - \/NIJ (7w - )N} ()

en(@) = = Asymmet
N 1+ \/NTLT (Q)NY (- @) + \/NLT (- )Ny () g v
e (@) = (P, —P)cosp- Ay _ \/Nii (@)N} (7 - @) - \/Nie¢ (- )N} (@) “False”
F
1-6 \/ N ()N (7 - @) + \/N}l (m-@)N' (@) Asymmetry

where 6 = PIPZ(ANN cos’ @ + A sin’ <p), in our case § = 0.028

Since the above is a relative measurement the efficiencies o(t, ¢) cancel
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Principle of the Measurement

* Elastically scattered protons have very small
scattering angle 0, hence beam transport

magnets determine trajectory scattered protons

| | |

o .. i o * The optimal position for the detectors is where
LMJ:% A A ~ AmB LI L] scattered protons are well separated from beam
Arm B Arm A _rm‘l_F"H

protons

T o
. || Elagtic trigger d etector

m""m% {scintillator)

x-detector (silicon)
Scattere d y-detector (silicon)
praton

* Need Roman Pot to measure scattered protons
close to the beam without breaking accelerator
vacuum

Beam transport equations relate measured position at the detector to scattering angle.
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The Setup

RP* Top View

IP
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Elastic Event Identification

7 Seinfllater Arm A" = RP3-UP & RP1-DOWN

An elastic event has two
collinear protons, one on
each side of IP

p=-p,=©.0)-(Ce-e)

1. It also has eight S1 detector “hits”, four on each side.
2. Clean trigger: no hits in the other arm and in inelastic counters.

3. The vertex in (z,) can be reconstructed using ToF.
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Trigger Active area

Silicon Detector Active Region
. N . SVX Readout OFF

Acceptance beam
pipe shadow

Only “inner” pots used for trigger and analysis, biggest acceptance

Analyze the data for the closest position (34 of all data)
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Hit Correlations Before the Cuts

Events with only eight hits

Note: the background appears enhanced because of the “saturation” of the main band

It is due mainly to beam halo and beam-gas interactions

550 -
- Width is mainly due to
5001 i
- beam emittance
450|—
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Q400[—
c & d f o« e
X [ spread o1 vertex position
350 -
: 0,=60cm
300}
250- PYRIER TG TR0 TR (R GO W Gy thats I T TR Sk TA] RSl TRty NN tiha! TR, Hb S0 W SRR |
200 250 300 350 400 450 500
x[RP1D]
After the cuts the background in the final sample is = 0.5% + 2% depending on y (vertical)
coordinate
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Hit selection

Pedestal value, pedestal width (o) and dead channels (only six) were
determined;

Valid hit, single strip, has dE/dx > 50 above the pedestal;

Cluster size is = 5 consecutive strips above pedestal cut;

Valid hit in the Si plane for event reconstruction:

e isa cluster whose dE/dx > 20 ADC counts above pedestal and
* 1s within fiducial area of the detector (slide);

*  has foray-plane y > 0.2mm from the edge of the detector.

Coordinate for x and y formed from adjacent hits in Sin for each Roman Pot
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Elastic Events
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Elastic Event Selection III

1.  Match of coordinates on opposite sides of IP; within 30 for x and y coordinates.

2. Hit coordinates to be in the acceptance area of the detector.

3. Events with multiple matches were excluded.

[ Distribution of elastic events over -t |
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After the cuts 1.14 million elastic events in ¢-interval [0.010, 0.030] (GeV/c)?

Loss of elastic events due to the selections < 0.035
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Collinearity:A®, before and after z-correction,
and AQ,

arm-A AO, at IP arm-A AO, at IP
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Determination of Ay

Use Square-Root-Formula to calculate raw asymmetries.

1. It cancels cancel luminosity dependence and effects of apparatus asymmetries.

2. Ituses 11, || bunch combinations.

(P, + P)cosp- Ay N\ (@)NY (7 - @) =N (w - )N (¢)

= Asymmet
1+6 AN (@)NY (7 - @) + /N (7w - @) NH (@) g N

ey (@) =

where 6 = PIPZ(A v €OS” @ + A sin’ <p), in our case § = 0.028

Since Ay 1s a relative measurement the efficiencies a(t, ¢) cancel

RHIC/AGS Users Mtg. Wlodek Guryn BROOKHIAVEN

June 21, 2005 for pp2pp collaboration NATIONAL LABORATORY



Preliminary Results: Full bin 0.01 < -t < 0.03 (GeV/c)?
Fit £ cos(¢p) dependence to obtain A

P, (++,--)=0.345 = 0.0734 Py (++,--) =0.532 = 0.0988
POt w2 /ndf  26.0573/23
ool 8N = 0.0187 = 0.0020
i, | Polarization values
n S are working numbers
%0.01
; - | Preliminary
€ o
0 01;_ Statistical errors
“80 0 @0 20 0 20 a0 0 80
¢ (deg)
< > < >
Arm A Arm B
P (+-,-+)=0.430 = 0.084 P, (+-,-+)=0.479 = 0.089

Note: The calculated false asymmetry € =-0.0011 is consistent with measured & =-0.0016
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Systematic Errors on Ay

luminosities ans detector efficiencies cancel -
background 4.5%
beam positions at the detectors 1.8%
corrections to the standard transport matrices 1.4%
uncertainties on L* ,and L” 6.4%
neglected term with double-spin asymmetries 2.8%
All above 8.4%
Beam polarization error (systematic 13% + 16.6%
statistical)
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Ay tor pp—pp 1n the CNI Region
\/—_t Nom

Ay (t)= m Denom
Nom =[x(1-p )+ 2(6 Rer;—Imry) ] % —- 2(Rery - p Imry)
Denom = (t—c)z -2(p + 6)t—c + (1 + pz)
t t
where . = -8t/ 0,,,and K i1s anomalous magnetic moment of the proton

The fit to measured A,(t) gives Re 5, Im r;
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Preliminary Results: Ay and 15

0.08 1
n o
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0.07 O, =51.6mb - . - — 30
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Rerg

-t (GeV/e)’

Rer; = -0.042 +£0.037 , Imr; = -0.51 £0.60

Statistical and systematic errors added in quadratures

16.6% normalisation error due to beam polarisation uncertainty, not included
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Summary

. We have measured the single spin analyzing power A, in polarized pp elastic
scattering at Vs = 200 GeV, highest to date, in t-range [0.01,0.03] (GeV/c)2.

. The Ay is = 4-50 from zero (statistical error.)

. The Ay is = 0 away from a CNI curve, which does not have hadronic spin flip
amplitude.

. In order to understand better underlying dynamics one needs to map Vs and t-
dependence of A, and also measure other spin related variables (A y,, A ¢,

ALL’ ASL)‘

RHIC is a unique place to directly probe spin coupling of Pomeron and
search for and Odderon.
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Future Possibility — Big Improvement

dN/dt

dN/dt
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m ‘- .-_.IIIIIIIIIIII I: .
00 | F . ] Full acceptance at Vs 200
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The world data on Ay (pp)

pp2pp Preliminary run 2002 Ay = 0.033%£0.018
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N. Akchurin ef al. PRD 48, 3026 (1993)
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RHIC/AGS Measurements

E950 elastic pC
J. Tojo et al. PRL 89, 052302 (2002)
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—0.1 0 0.1 0.2 0.3 FIG. 3 (color online). The analyang power. A, for pC

¢ l’.; clastic scattering in the CNI region. The aroe bars on the data

. points are statistical only. The solid line is the Oited function

I . . . . i . from theory [4]. The detted lines are the 1-sigma crmor band of

FIG. 4 fcolor online).  Rato of hadonic spin-flip to nonflip . fitting result. The dashed line is the theoretical function with
amplitude. ro, and the 1-, 2-, and 3sigma contours of . o hudonic spin-flip amplitude (rs =),

There are also be results from polarized jet at RHIC
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