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Abstract

We report on the first measurement of the single spin analyzing patwve} at /s = 200 GeV, obtained by the PP2PP experiment us-
ing polarized proton beams at the Relativistic Heavy lon Collider (RHIC). Data points were measured in the four momentun namgpéer
0.01< |7] £0.03 (GeV/c)Z. Our result, averaged over the whotginterval is about one standard deviation above the calculation, which uses
interference between electromagnetic spin-flip amplitude and hadronic non-flip amplitude, the souxceToke difference could be explained
by an additional contribution of a hadronic spin-flip amplitudetg.

0 2005 Elsevier B.VOpen access under CC BY license.

PACS:13.85.Dz; 13.88.+e

Keywords:Polarization; Elastic scattering

1. Introduction mechanisms involved in elastic scattering in the forward region
[13]. In particular, such analysis will allow us to extract infor-

The PP2PP experimefit—3] at RHIC is designed to sys- mation on the spin dependence of the diffractive mechanism

tematically study polarized proton—protopp) elastic scatter- dominating at high energies.

ing from /s = 60 GeV to./s = 500 GeV, covering ther|-

range from the region of Coulomb—Nuclear Interference (CNI)>  The experiment

to 15 (GeV/c)2. Studies of spin dependence of pp scatter-

ing at small momentum transfers and at the highest energies

presently available at RHIC offer an opportunity to reveal im- The two protons collide at the interaction point (IP), and

portant information on the nature of exchanged mediators 0§ince the scattering angles are small, scattered protons stay

the interaction, the pomeron and the hypothetical odderon (sé’é'thm the b_eam pipe of the accelerator. They f.OHOW trajecto-
Refs.[4,5] and references therein). The theoretical treatmenf®S determined by the accelerator magnets until they reach the

of small+ scattering is still being developed, hence the expergeteCtorS' which measure they coordinates in the plane per-

imental data are expected to provide significant constraints forr)endlcular to the beam axis. Those coordinates are measured

various theoretical approaches and models (se®efnd ref- by S de'tectors n the Roman Pc‘)‘ts, which are posmon'ed"at
erences therein). the location that satisfy so-called “parallel to point focusing”.

More details on the experiment and the technique used can be

In this Letter we present the first measurement of the anaf dinf.2]. The | fth . ' ShownRiD. 1
lyzing powerA y in pp elastic scattering of polarized protons at ound in[1,2]. The layout of the experiment is shownfig.

RHIC at./s = 200 GeV and @1 < |¢| < 0.03 (GeV/c)Z. Ay The identification of elastic events is based on the collinear-

is defined as the left-right cross section asymmetry with respe&ty (:t?terlgn, htence_lt ;ﬁqU|r§s t?;S|multag1iOl|J?sPdeJeftlon of the
to the transversely polarized proton beam. In this rangeAf scattered protons in the pair of Roman Pot (RP) detetdis

originates mainly from the interference between electromag(—)n eithersid_e of the ”?‘ _ . .
The elastic event trigger required a coincidence between sig-

netic (Coulomb) spin-flip and hadronic (nuclear) non-flip am- . . . :
( ) SP P ( ) b nals in the RPs scintillators, belonging either to arm A or arm

plitudes[6]. However, it was realized thaty in the Coulomb— ) . .
eB' seeFig. 1 For each arm the trigger counters in RP1 and RP3

Nuclear Interference (CNI) region is a sensitive probe of th 4. Th  tri he logical OR of o
hadronic spin-flip amplitudé7]. A possible hadronic single Vere used. The overall trigger was the logical OR of a coinci-

spin-flip amplitude would alteA 5 and its effect would depend P4 RP3 Top View RP1 RP2
on the ratio of the single spin-flip amplitudes) to non-flip o
amplitudes ¢; andes):

X

<G+

m¢5 Inelastic detectors (scintillators)
s = , (1) % % %
V_tlm(¢1+¢3)/2 57 m 0 57m
wherem is the nucleon mass (see RE] for definitions). S Side View
Other measurements dfy performed at small have been el ATA
obtained at significantly lower energies, by at least a factor of o —"Ams

RP4D RP3D / RP1D RP2D

10, than the present experiment. These measurements includ
recent high precision results from the RHIC polarimeters ob-
tained at./s = 13.7 GeV for elastic pg8,9] and pC[8,10]
scattering, as well as earlier results from BNL AGS for pC Seattered
scattering11] at /s = 6.4 GeV and from FNAL E704 for pp proton

scattermg[lZ]_at \/E = 19'_7 Gev. . Fig. 1. Layout of the PP2PP experiment. Note the detector pairs RP1, RP2 and
_ The Comblneq ana'_y5|5 of the present result with the earrp3 Rp4 lie in different RHIC rings. Scattering is detected in either one of two
lier ones, especially with the very accurate results of R8fs. arms: arm A is formed from RP3U and RP1D. Conversely, arm B is formed

10], will help to disentangle contributions of various exchangefrom RP3D and RP1U. The coordinate system is also shown.

Elastic trigger detector
(scintillator)

x-detector (silicon)
y-detector (silicon)
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550

dence between up (U) and down (D) pots: (RP3U AND RP1D)
OR (RP3D AND RP1U) in coincidence with the beam crossing
signal derived from the RHIC master clock.

500

450
3. Selection of elastic events

=y
82400

The detectors in the inner Roman Pots were used for eIastic%
event reconstruction, as this provided the highest acceptance for asof-."
the experiment. Particle hits in the silicon detector were identi-
fied for each strip requiring that the energy deposited’) was 300
AE > 50 of its pedestal value. From those hits a cluster of con-
secutive strips was formed and the coordinate for that cluster 2500
was calculated as an energy-weighted average of the positions
of the strips.

For each RP a hit was formed for &n, y) coordinate using Fig. 2. Correlation ofx c_oordinates as measured by the two detectors of arm
the clusters in twaor planes &L, xz) and twoy planes Ql, yz). Q:gﬁ:&ﬁnge:ﬁeaggzﬁdgaﬁzte that the background appears enhanced due to
A hit required that the distance between two clusters from adja- '

cent planes wapr; — x2| < 2 strips, the same for coordinate

505 Y L o R R U LR

ey PR g T S U
300 350 450 500
x[RP1D]

the focusing quadrupoles located between IP and the RPs. In

|yh._ yt2| S2 strllps.l Fto:jmatched_tcrllust(talrs a smglan?tyhcot\-/v Icase that there were more than one match between the hits on
ordinate was calculated as an arthmetic average ot the two. ig posite sides of the IP the following algorithm was applied.

case there was no match with the second plane one coordina\ there is only one match with number of hits equal to 4, it

was used. . . is considered to be the elastic event. If there is no match with 4
Because of the collinearity of the scattered protons one haﬁ

i . . Hs or there are more than one such match, the event is rejected.
to require a correlation between coordinates measured on eac The average detector efficiency was 0.98, and the upper
side Of. the IP. Hence the 'T‘a'” crl_terlon to selept the eIast"f)ound of the elastic events loss due to all criteria w&s5%.
scattering events was the hit coordinate correlation in the cor- The background originates from particles from inelastic in-
responding silicon detectors on the opposite sides of the IP. Aﬂer

le of th lati f the dinat f the detected actions, beam halo particles and products of beam—gas inter-
example of Ine corretation o coordinates of the delecled o ions. The estimated background fraction varies from 0.5%
protons is shown ifrig. 2 Note the diagonal band of the elastic

. to 9% depending on the coordinate. Since in our analysis
events and relatively small background. o dep g ® 4

Si th s f hich th i detected | he coordinate area was essentially limited te 30 strips, the
Ince the events for which the prolons were detected in a ackground in the final sample does not exceed 2%.
four RPs allowed reconstructing of the momentum vectors o

the scattered protons at the detection point, a subset of thoie
events was used to get better knowledge of the mean coordi-
nates of the collision vertex and of the mean angles of the beams -

9 After the above cuts, the sample of 1.14 million events, for

in the IP. The mean values and widths of those distribution
™M W inati i i

were also used to determine the correction to the calculate?y and N bungh compmaﬂons, 'T‘ theinterval 0010<
t < 0.030, subdivided into three intervals000 < —f <

transport matrices, and the beam position at detectors in the
horizontal plane. The widths of these distributions are domirj&OlS’ 00155 —¢ < 0.020, 0020< —r < 0.030, was used to

nated by the beam emittance of about 16m mrad for both- determineA y. In eacty interval the asymmetry was calculated

andy coordinates and by an uncertainty of about 60 cm (rm:s)aS afunction of azimuthal angleusing 3-bins. Azimuthal an-

of the vertex position along the beam axis. The latter does ncﬁ:e \cjeﬁ[ientljlenc? ?ifzths crrotssn s?ctmi)\/n fnotr) the elastic collision of
contribute to the width at zero angle scattering in the horizon- € vertically polarized protons 1S given by

tal plane but contributes significantly at large scattering angles. 2, 44

Determination of analyzing power Ax

Thus thex coordinate of correlation distribution with the mini- an = Z(l-l- (Pp + Py)Ay cosp
mal width defines the position of tracks scattered at zero angle )
(or the position of the beam in the detectors) in the horizon- + Pp Py (ANNCOS ¢ + AssSir? ¢)), @)

tal plane. The mean coordinates of non-scattered beams in th@,are Py and Py are the beam polarizations amt, Ass
detectors were used for planar scattering angle determinatiaf}e qouble spin asymmetries (see Réf for definitions). Then

instead of the mean coordinates of IP and mean beam anglege square root formuld.5] for the single spin raw asymmetry
This approach eliminates the contribution of the detector POSIz (4) can be written as
tion survey errors, see also discussion of systematic errors.

To select an elastic event, a match of hit coordingies’) o (Pp + Py)Ay cosp

from detectors on the opposite sides of the IP was required t0 '~ 1+ Pg Py (Ann co2 ¢ + Asssir? ¢)

be within 3 for x andy coordinate. The hit coordinatés, y) T Ry~ I S
of the candidate proton pairs were also required to be in the = VNTT@NH (= ¢) = VNH@NT ¢),
acceptance area of the detector, determined by the aperture of VNN ONH (1 — ) + VNH(@)NT (r — ¢)

®)
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0.04

x?/ndf  26.0573/23 As mentioned earlier, neglecting the term with double-spin
En 0.0187+0.0020 asymmetries in formul&3) results in an error 2.8%.

Since all the above errors are uncorrelated adding them in
guadrature results in the systematic erronofy /Ay = 8.4%.
J( J( This error is smaller than the statistical errors of the measure-

0.03

ment, cf.Table 1
1 The polarization values of the proton beams were obtained
- from the C—-AD[16]. They were evaluated usingy mea-
J( J( surements for elastic proton—carbon (pC) scattering at small

|I||||II|IIII|!III

Raw Asymmetry <(¢)

|t|-values, in the range 0.01-0.02 (G&Y2. The details are de-
scribed in Ref[10]. During the period in 2003 when the present
ol el data were taken the beam polarizations w&je= 0.345+
¢((‘j’eg) 20 40 60 80 0.066 andPg = 0.532+ 0.106. The errors include the contri-
bution of the systematic part of the error due to the calibration
Fig. 3. The raw asymmetmy(¢) for the full |¢| interval. of pC polarimeter of 13%, which is correlated for both beams
and the uncorrelated statistical errors of the measurement. This
Beam polarizations for our run wef@6] Py = 0.345+  gives the statistical and systematical errors of the measurement
0.066 andPp = 0.532-+ 0.106, leading to an upper constraint in the sum of the polarization8y + Pp = 0.877+0.149.
of 0.028 for the termPg Py (ANn COS ¢ + AssSir? ¢), even if The total systematic error is comprised 4f, scale error
both double-spin asymmetriesyy and Asswere as large as  ©f 17.0% mostly due to the systematic error of the polarization
0.15. This term is small in comparison to the systematic erMeasurement, and 8.4% error due to the experimental system-
rors onAy and was therefore neglected in E8) but included ~ atic effects as described above.
in the systematic error, as described below. A cosine fit to the An important check of a possible false asymmettyvas

raw asymmetry (¢) was used to determine values 4f, see  obtained from the asymmetry calculated for spin combina-
Fig. 3 tions NT and N'" with a formula similar to(3). This term

is ¢’ ~ (P — Py)Ay. Given that the polarization values for
N and N¥T bunches wereP;, = 0.476+ 0.085 andP, =
0.430+0.089 and thed y in ourz-range, one gets = —0.0011
to be compared with the value we measurg@dl0016, a good

Eq. (3), from which the asymmetry is calculated has impor-agreement indicating that there is no major source of a false
tant features; namely, luminosities of the differently polarizedasymmetry.

proton beam bunches cancel as do the relative detection effi-
ciencies, including geometrical acceptance, for gaade. .
N . 6. Resultsand conclusions
However, two other contributions to the systematic error
have to be considered: backgrounds, which affect the asymme-
try value, and sensitivity to the transport matrix parameters and The values ofA y obtained in this experiment and their sta-
to the beam position with respect to the detectors that affect thistical errors are shown iRig. 4 for the threer intervals, and
determination of and¢. they are summarized ifable 1
To check the effect of background, additional selection cri- The curves shown in the figure represent theoretical calcula-
teria were applied: (1) rejection of the events with a hit in onetions using the formula foA » in the CNI region. The general
of the two y-strips closest to the beam; (2) rejection of eventsformula is given by Eq. (28) of Ref6]. With reasonable as-
close to the boundary in th@, t) plane. From these studies, sumptions that the amplitudg, and the differencep; — ¢3
we have found that the upper limit of the systematic error dueould be neglected at collider energies, the formula becomes
to the background is 4.5%. simpler
The final results were obtained with a transport matrix,
which was obtained by correcting the standard transport matrix V=7 [k(1— p8) + 2(5 Rers — Imrs)] — 2(Rers — pImrs)
provided to us by the accelerator physicists from the Collider£'~ = “m (2 _2p+8)k +t WD) - (4)
Accelerator Department (C—AD). The corrections were calcu- ' '
lated using the fully reconstructed tracks in all four RPs. Then this formulaz. = —8ma /oo, « is the anomalous magnetic
results were compared with those obtained with the standanhoment of the protony is the ratio of the real to imaginary
transport matrix. The relative differenceny for the two cases parts of forward (non-flip) elastic amplitude, adds the rel-
is 1.4%. The systematic error due to an uncertainty of beam pative phase between the Coulomb and hadronic amplitudes.
sitions at the detectors is 1.8%. Since the total cross sectiom;) and thep parameter have
Sensitivity to the variation irLes was also studied and es- not been measured in this energy range, we have used values of
timated to be 6% assuming upper values of transport un-gy,; =51.6 mb ando = 0.13. These values come from fits to the
certainties ofLy; and Ly as large asALy/Li; = 0.1 and  existing pp data taken at energies below 63 GeV and wasld p
AL;‘;ﬁ/Léff = 0.05, correspondingly. data. They also agree well with the predictions of various mod-

-0.01—
| L L L
80 60 -40 20

5. Systematicerrors
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Table 1

Ay results

—t interval (GeV/c)? 0.010-0.015 0.015-0.020 0.020-0.030 0.010-0.030
(—1) (GeV/c)? 0.0127 00175 00236 Q0185

AN 0.0277 00250 Q00178 00212

AAy (stat) +0.0061 +0.0043 +0.0030 +0.0023

AAy (syst.) +0.0023 +0.0021 +0.0015 +0.0018

AAp due toA(Py + Pg) +17.0%

* Contributions to systematic error were added in quadrature.

0.08 2
- 150
0.07 1~ G o =51.6mb o F — 8o
C — L
C p =013 e 1
0.06 - b =163 (GeV/o)? = b e
- 0.5
005_— C
C o
= r -
0.04 C
< C 0.5
0.03— Ak
0.02[— 1.5
001 2 o 1, fitted
E C A no hadronic spin flip
o_l L1l | L1l | L1l | 111l | L1l | L1l | 111 | 111 -2.5:_
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 E
_IIII|IIII|IIII|IIII|IIII|IIII|IIII

2 02 015 -01 005 -0 005 01 0.5
-t (GeV/c)
Rer,

Fig. 4. The single spin analyzing powgtry for threer intervals. Vertical error i i ) ) )

bars show statistical errors. The solid curve corresponds to theoretical calcul&id- 5. Fitted values ofs (full circle) with contours corresponding to the

tions without hadronic spin-flip and the dashed one represents fite different confidence levels. The point corresponding to no hadronic spin-flip
(triangle) is also shown.

els[17-20] The Coulomb phasgis calculated as in Ref6], . . A
! } P fo] that our results are suggestive of a hadronic spin-flip term, but

cannot definitively rule out the hypothesis that only hadronic
n 111(b+8/42) @y, (®)  non-spin-flip amplitudes contribute.

] ) ) ) Recent measurements afy at substantially lower cms en-
whereb is the slope of the forward peak in elastic scattering,grgies than the one reported here indicate small, but signifi-
« is the fine structure constant, Euler's constant 0.5772  cantly different from zero, contribution of spin-flip amplitude
and A% = 0.71 GeV~. The value oy comes from our previous i case of proton—carbon scatterifig),11] and are consistent

measuremerft]. ~_with no spin-flip contribution for proton—proton scatterif8
The solid curve irFig. 4corresponds to the calculation with- 5t /s — 137 GeV.

out hadronic spin-flip (Re; and Imrs set to 0 in Eq(4)). To

quantify a possible contribution of the single helicity-flip ampli-

tudegs, the formula given by Eq4) was fitted to the measured Acknowledgements
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