k endi
PRL 96, 222301 (2006) PHYSICAL REVIEW LETTERS 9 TUNE 2006

Azimuthal Angle Correlations for Rapidity Separated Hadron Pairs
ind + Au Collisions at ./syy = 200 GeV

S.S. Adler,’ S. Afanasiev,?’ C. Aidala,'° N.N. Ajitanand,44 Y. Akiba,>'*% A. Al-Jamel,*® J. Alexander,** K. Aoki,?
L. Aphecetche,46 R. Armendariz,>> S. H. Aronson,” R. Averbeck,* T.C. Awes,>® V. Babintsev,'” A. Baldisseri,''

K. N. Barish,® P.D. Barnes,”® B. Bassalleck,®* S. Bathe,®*' S. Batsouli,'® V. Baublis,* F. Bauer,® A. Bazilevsky,”*'
S. Belikov,w’17 M.T. Bjorndal,lo J.G. Boissevain,28 H. Borel,1 "'M.L. Brooks,28 D.S. Brown,35 N. Bruner,34 D. Bucher,31
H. Buesching,s’31 V. Bumazhnov,'” G. Bunce,>*! J.M. Burward—Hoy,zg’27 S. Butsyk,45 X. Camard,*® P. Chand,*
W.C. Chang,2 S. Chernichenko,'” C.Y. Chi,'° J. Chiba,?! M. Chiu,'® I.J. Choi,>* R.K. Choudhury,4 T. Chujo,5
V. Cianciolo,36 Y. Cobigo,11 B.A. Cole,lo M.P. Comets,37 P. Constantin,lg M. Csanéd,13 T. Cstirgéi,22 J.P. Cussonneau,46
D. d’Enterria,m K. Das,14 G. David,5 F. Dee’lk,13 H. Delagrange,46 A. Denisov,17 A. Deshpande,41 E.J. Desmond,5
A. Devismes,* O. Dietzsch,** J. L. Drachenberg,1 0. Drapier,26 A. Drees,” A. Durum,'” D. Dutta,* V. Dzhordzhadze,*’
Y. V. Efremenko,>® H. En’yo,40’41 B. Espagnon,37 S. Esumi,* D.E. Fields,>**! C. Finck,*® F. Fleuret,?® S. L. Fokin,>*
B.D. Fox,*' Z. Fraenkel,’* J.E. Frantz,'® A. Franz,” A.D. Frawley,'* Y. Fukao,>>***' S.-Y. Fung,® S. Gadrat,*

M. Germain,46 A. Glenn,47 M. Gonin,26 J. Gosset,11 Y. G0t0,40’41 R. Granier de Cassagnac,26 N. Grau,19 S.V. Greene,50
M. Grosse Perdekamp,'®*! H.-A. Gustafsson,* T. Hachiya,'® J.S. Haggerty,” H. Hamagaki,® A. G. Hansen,?®
E.P. Hartouni,?” M. Harvey,5 K. Hasuko,*’ R. Hayano,8 X. He,'> M. Heffner,?’ T. K. Hemmick,* J. M. Heuser,*°
P. Hidas,”> H. Hiejima,'® J. C. Hill,'"® R. Hobbs,** W. Holzmann,** K. Homma,'® B. Hong,®> A. Hoover,*”

T. Horaguchi,***"*® T. Ichihara,***! V. V. Ikonnikov,>* K. Imai,”>**° M. Inaba,** M. Inuzuka,® D. Isenhower,"

L. Isenhower,! M. Ishihara,*® M. Issah,** A. Isupov,20 B. V. Jacak,* J. Jia,* O. Jinnouchi,*®*! B. M. Johnson,’
S.C. Johnson,?” K.S. J00,*? D. Jouan,®’ F. Kajihara,8 S. Kametani,®>! N. Kamihara,*>*® M. Kaneta,*' J. H. Kang,53
K. Katou,”' T. Kawabata,® A.V. Kazantsev,?* S. Kelly,g’10 B. Khachaturov,’?> A. Khanzadeev,”® J. Kikuchi,”' D.J. Kim,>?
E. Kim,43 G.-B. Kim,26 H.J. Kim,53 E. Kinney,9 A. Kiss,13 E. KisteneV,5 A. Kiyomichif“) C. Klein—Boesing,31
H. Kobayashi,‘” L. Kochenda,* V. Kochetkov,!” R. Kohara,'® B. Komkov,*® M. Konno,* D. Kotchetkov,® A. Kozlov,”?
P.J. Kroon,” C. H. Kuberg,l’>l< G.J. Kunde,?® K. Kurita,*® M.J. Kweon,”® Y. Kwon,>® G.S. Kyle,35 R. Lal(:ey,44
J.G. Lajoie,”” Y. Le Bornec,”” A. Lebedev,'*** S. Leckey,* D. M. Lee,?® M.J. Leitch,”® M. A. L. Leite,** X. H. Li,°
H. Lim,* A. Litvinenko,”® M. X. Liu,”® C.F. Maguire,*® Y. I. Makdisi,” A. Malakhov,*® V.1. Manko,** Y. Mao,**4°
G. Martinez,*® H. Masui,*® F. Matathias,* T. Matsumoto,®>! M. C. McCain,' P.L. McGaughey,28 Y. Miake,*
T.E. Miller,”® A. Milov,” S. Mioduszewski,”> G. C. Mishra,'” J. T. Mitchell,” A.K. Mohanty,4 D.P. Morrison,’
J.M. Moss,28 D. Mukhopadhyay,52 M. Muniruzzaman,6 S. Nagamiya,21 J.L. Nagle,g’10 T. Nakamura,16 J. Newby,47
A.S. Nyanin,* J. Nystrand,*® E. O’Brien,” C. A. Ogilvie,'® H. Ohnishi,** I. D. Ojha,*° H. Okada,>>*° K. Okada,***!
A. Oskarsson,” I. Otterlund,*® K. Oyama,8 K. Ozawa,® D. Pal,>?> A.P.T. Palounek,?® V. Pantuev,” V. Papavassiliou,35
J. Park,®®> W. J. Park,”® S.F. Pate,* H. Pei,'® V. Penev,?° J.-C. Peng,18 H. Pereira,'! V. Peresedov,?’ A. Pierson,>*

C. Pinkenburg,5 R.P. Pisani,” M. L. Purschke,’ A. K. Purwar,*’ J. M. Qualls,1 J. Rak,' L. Ravinovich,’? K. F. Read,>®*’
M. Reuter,45 K. Reygers,31 V. Riabov,39 Y. Riabov,39 G. Roche,29 A. R01nana,26’>|< M. Rosati,19 S.S.E. Rosendahl,30
P. Rosnet,”’ V. L. Rykov,40 S.S. Ryu,53 N. Saito,>>4041 T, Sakaguchi,g’51 S. Sakai,*® V. Samsonov,*® L. Sanfratello,**
R. Santo,*! H. D. Sato,>*° S. Sato,>** S. Sawada,! Y. Schutz,*® V. Semenov,!” R. Seto,® T. K. Shea,’ 1. Shein,!’
T.-A. Shibata,*>*® K. Shigaki,'® M. Shimomura,*® A. Sickles,* C.L. Silva,** D. Silvermyr,”® K. S. Sim,** A. Soldatov,"’
R. A. Soltz,>” W.E. Sondheim,?® S.P. Sorensen,*’ I. V. Sourikova,” F. Staley,'' P. W. Stankus,*® E. Stenlund,*

M. Stepanov,35 A. Ster,”? S.P. Stoll,’ T. Sugitate,16 J.P. Sullivan,?® S. Takagi,49 E.M. Takagui,42 A. Taketani,**#!
K.H. Tanaka,”' Y. Tanaka,>® K. Tanida,*® M. J. Tannenbaum,’> A. Taranenko,** P. Ta.rjzin,12 T.L. Thomas,**

M. Togawa,”>*° J. Tojo,*® H. Torii,>>*' R.S. Towell," V.-N. Tram,?° I. Tserruya,’* Y. Tsuchimoto,'® H. Tydesjo,*°
N. Tyurin,17 T.J. Uam,32 H. W. van Hecke,28 J. Velkovska,5 M. Velkovsky,45 V. Veszprémi,12 A A. Vinogradov,24
M. A. Volkov,”* E. Vznuzdaev,*® X.R. Wang,15 Y. Watanabe,***' S.N. White,” N. Willis,*’ F. K. Wohn,'® C. L. Woody,5
W. Xie,® A. Yanovich,'” S. Yokkaichi,***! G.R. Young,36 L. E. Yushmanov,?* W. A. Zajc,lo’T C. Zhang,10 S. Zhou,’

J. Zimanyi,* L. Zolin,* and X. Zong"’

(PHENIX Collaboration)

'Abilene Christian University, Abilene, Texas 79699, USA
2Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

0031-9007/06/96(22)/222301(6) 222301-1 © 2006 The American Physical Society



PHYSICAL REVIEW LETTERS week ending

PRL 96, 222301 (2006) 9 JUNE 2006

3Department of Physics, Banaras Hindu University, Varanasi 221005, India
“Bhabha Atomic Research Centre, Bombay 400 085, India
SBrookhaven National Laboratory, Upton, New York 11973-5000, USA
SUniversity of California-Riverside, Riverside, California 92521, USA
"China Institute of Atomic Energy (CIAE), Beijing, People’s Republic of China
8Center for Nuclear Study, Graduate School of Science, University of Tokyo, 7-3-1 Hongo, Bunkyo, Tokyo 113-0033, Japan
9University of Colorado, Boulder, Colorado 80309, USA
Columbia University, New York, New York 10027, and Nevis Laboratories, Irvington, New York 10533, USA
"Dapnia, CEA Saclay, F-91191, Gif-sur-Yvette, France
2Debrecen University, H-4010 Debrecen, Egyetem tér 1, Hungary
BELTE, Eétvis Lordnd University, H - 1117 Budapest, Pdzmdny P. s. 1/A, Hungary
“Florida State University, Tallahassee, Florida 32306, USA
SGeorgia State University, Atlanta, Georgia 30303, USA
YHiroshima University, Kagamiyama, Higashi-Hiroshima 739-8526, Japan
YIHEP Protvino, State Research Center of Russian Federation, Institute for High Energy Physics, Protvino, 142281, Russia
18Um'versity of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA
Ylowa State University, Ames, lowa 50011, USA
20y0int Institute for Nuclear Research, 141980 Dubna, Moscow Region, Russia
2IKEK, High Energy Accelerator Research Organization, Tsukuba, Ibaraki 305-0801, Japan
22KFKI Research Institute for Particle and Nuclear Physics of the Hungarian Academy of Sciences (MTA KFKI RMKI),
H-1525 Budapest 114, POBox 49, Budapest, Hungary
BKorea University, Seoul, 136-701, Korea
*Russian Research Center “Kurchatov Institute”, Moscow, Russia
B Kyoto University, Kyoto 606-8502, Japan
21 aboratoire Leprince-Ringuet, Ecole Polytechnique, CNRS-IN2P3, Route de Saclay, F-91128, Palaiseau, France
*Lawrence Livermore National Laboratory, Livermore, California 94550, USA
28105 Alamos National Laboratory, Los Alamos, New Mexico 87545, USA
LPC, Université Blaise Pascal, CNRS-IN2P3, Clermont-Fd, 63177 Aubiere Cedex, France
SDepartment of Physics, Lund University, Box 118, SE-221 00 Lund, Sweden
N nstitut fiir Kernphysik, University of Muenster, D-48149 Muenster, Germany
32Myongji University, Yongin, Kyonggido 449-728, Korea
3Nagasaki Institute of Applied Science, Nagasaki-shi, Nagasaki 851-0193, Japan
**University of New Mexico, Albuquerque, New Mexico 87131, USA
3New Mexico State University, Las Cruces, New Mexico 88003, U.S., USA
*0ak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
37IPN—Orsay, Universite Paris Sud, CNRS-IN2P3, BP1, F-91406, Orsay, France
38Peking University, Beijing, People’s Republic of China
*PNPI, Petersburg Nuclear Physics Institute, Gatchina, Leningrad region, 188300, Russia
“ORIKEN (The Institute of Physical and Chemical Research), Wako, Saitama 351-0198, Japan
“'RIKEN BNL Research Center, Brookhaven National Laboratory, Upton, New York 11973-5000, USA
“Universidade de Sdo Paulo, Instituto de Fisica, Caixa Postal 66318, Sdo Paulo CEP05315-970, Brazil
System Electronics Laboratory, Seoul National University, Seoul, South Korea
44Chemistry Department, Stony Brook University, SUNY, Stony Brook, New York 11794-3400, USA
Department of Physics and Astronomy, Stony Brook University, SUNY, Stony Brook, New York 11794, USA
4SSUBATECH (Ecole des Mines de Nantes, CNRS-IN2P3, Université de Nantes), BP 20722 - 44307, Nantes, France
47University of Tennessee, Knoxville, Tennessee 37996, USA
®BDepartment of Physics, Tokyo Institute of Technology, Oh-okayama, Meguro, Tokyo 152-8551, Japan
Dlnstitute of Physics, University of Tsukuba, Tsukuba, Ibaraki 305, Japan
SOVanderbilt University, Nashville, Tennessee 37235, USA
S Advanced Research Institute for Science and Engineering, Waseda University, 17 Kikui-cho, Shinjuku-ku, Tokyo 162-0044, Japan
S2Weizmann Institute, Rehovot 76100, Israel
3Yonsei University, IPAP, Seoul 120-749, Korea
(Received 17 March 2006; published 8 June 2006)

Deuteron-gold (d + Au) collisions at the Relativistic Heavy Ion Collider provide ideal platforms for
testing QCD theories in dense nuclear matter at high energy. In particular, models suggesting strong
saturation effects for partons carrying small nucleon momentum fraction (x) predict modifications to jet
production at forward rapidity (deuteron-going direction) in d + Au collisions. We report on two-particle
azimuthal angle correlations between charged hadrons at forward/backward (deuteron/gold going direc-
tion) rapidity and charged hadrons at midrapidity in d + Au and p + p collisions at ,/syy = 200 GeV.
Jet structures observed in the correlations are quantified in terms of the conditional yield and angular
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width of away-side partners. The kinematic region studied here samples partons in the gold nucleus with
x ~ 0.1 to ~0.01. Within this range, we find no x dependence of the jet structure in d + Au collisions.

DOI: 10.1103/PhysRevLett.96.222301

Observations in d + Au collisions at ,/syy = 200 GeV
at the Relativistic Heavy Ion Collider (RHIC) reveal a
significant suppression of hadron production at forward
rapidity (deuteron-going direction) relative to p + p colli-
sions scaled up by the equivalent number of nucleon-
nucleon collisions (N..;) [1-3]. This suppression is ob-
served for hadrons with momentum transverse to the beam
direction in the range py = 1.5-4 GeV/c. In contrast,
measurements at midrapidity [4—7] and backward rapidity
[1-3] show a modest enhancement relative to N scaling
in the same p; range. Particle production at forward ra-
pidity is sensitive to partons in the gold nucleus which
carry a small nucleon momentum fraction (small Bjorken
x). The suppression has generated significant theoretical
interest including different calculational frameworks for
understanding the data [§—11].

One such framework, the color glass condensate (CGC),
attempts to describe the data in terms of gluon saturation
[8]. At small x the probability of emitting an extra gluon is
large and the number of gluons grows in a limited trans-
verse area. When the transverse density becomes large,
partons start to overlap and gluon-gluon fusion processes
start to dominate the parton evolution in the hadronic wave
functions. Thus the gluon density saturates. Since the non-
linear growth of the gluon density depends on the trans-
verse size of the system, gluon saturation effects are
expected to set in at higher x for heavy nuclei than for
free nucleons.

In the leading order pQCD framework, a quark or gluon
jet with large transverse momentum produced in a hard-
scattering process (high momentum transfer or large Q?)
must be momentum balanced by another quark or gluon jet
in the opposite direction but with almost the same p. Thus
the azimuthal angle correlation between particles from the
pair of jets (referred to as dijets) is characterized by two
peak structures separated by 180°. In CGC calculations,
the momentum to balance a jet may come from a large
multiplicity of gluons in the saturation regime, and thus no
single partner jet may appear on the opposite side [12].
This effect is analogous to the nuclear Mdssbauer effect,
and is often referred to as the appearance of monojets.
Alternative calculations, describing the suppression of
single hadrons at forward rapidity in d + Au reactions in
terms of leading twist pQCD effects, predict no such
monojet feature [13].

We want to probe this high gluon density regime in d +
Au collisions with relatively high py particles at forward
rapidity. Such particles are likely to result from hard-
scattering collisions involving small x partons in the gold
nucleus. At small x the gluon density increases rapidly with

PACS numbers: 25.75.Dw, 25.75.Gz

Q? and saturation effects may be relevant for x = 0.01 at
modest py. CGC calculations [12] predict significant sup-
pression of the conditional yield and widening of away-
side jet azimuthal correlations between rapidity-separated
hadron pairs when one of those hadrons is at forward
rapidity.

In this Letter we report on measurements of two-particle
azimuthal angle correlations between unidentified charged
hadrons in p + p and d + Au collisions at ,/syy =
200 GeV. In our analysis, the two particles are referred to
as the trigger and associated particles. The trigger particle
is at forward (1.4 < <2.0) or backward (2.0 <y <
—1.4) rapidity and the associated particle is at midrapidity,
|l < 0.35. The particles are separated by an average
pseudorapidity gap (An) ~ 1.5. The criteria for trigger
particles, associated particles, and event selection are de-
scribed elsewhere [3,14]. The two-particle azimuthal angle
correlation technique has been used extensively by RHIC
experiments and is described in detail elsewhere [14—18].
In this technique the azimuthal correlation function is
formed from the angular difference, A¢p = p255°¢ — ¢plrie,
between each trigger and associated particle pair. Two jet
peaks are normally observed in such correlation functions:
the near-side peak (A¢ ~ 0) in which the two particles
come from the same jet, and the away-side peak (A¢ ~ )
in which they come from back-to-back jets. In addition to
these peaks the correlation functions also have a A¢
independent combinatoric background contribution due
to trigger-associated pairs from different jets or from non-
jet processes.

We can construct separate correlation functions that are
sensitive to partons in the gold nucleus with different x
ranges. By choosing trigger particles with 1.0 < p; <
5.0 GeV/c at forward (backward) rapidity and associated
particles with 0.5 < py <2.5 GeV/c at midrapidity, we
sample partons in gold nuclei with x ~ 0.01(0.1). We do
not expect our data at x ~ 0.1 to be sensitive to saturation
effects, but they may at x ~ 0.01 [19]. The comparison in
d + Au reactions between these two cases, as well as with
the p + p case, may give insights into possible saturation
effects on jet production and other mechanisms for forward
rapidity single-particle suppression. It should be noted that
the prediction of monojets in [12] assumes one particle at
7 = 3.8 and one at midrapidity, thus demonstrating sensi-
tivity at smaller x (~10™%) than presented in this analysis.

Data for this analysis were collected by PHENIX [20] in
2003. For d + Au collisions, we divide the data into two
centrality (impact parameter) classes based on the number
of hits in the backward-rapidity PHENIX beam-beam
counter (BBC, —3.9 < < —3.0). Central (peripheral)
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collisions comprise 0%—40% (40%-88%) of the mini- 2.0<p; '<5.0 GeV/c,0.5<py " °<1.0 GeV/c
mum bias cross section. Using a Glauber model [3] and a 600— O 1.4<i"9<2.0 e =R ‘ a
simulation of the BBC, we determine (N.y) = 400\ = +
13.0 £ 0.9(4.7 = 0.4) for central (peripheral) collisions. E=mis o
. . . ) 200(— o =0.926+0.049 —
Trigger particles are unidentified charged hadrons mea- S_0.196+0.016
sured in the PHENIX muon spectrometers [20]. We only . - 5
select particles from 1.4 < |n| < 2.0 to obtain homoge- ~ 600l 1.4<n™<2.0 <
nous acceptance from 1 < py <5 GeV/c and to reduce 3 200 - °
. . e o N
beam correlated backgrounds. We identify hadrons, as O 400(— o =0.806+0.141 —2
opposed to muons, in the muon spectrometers by compar- S =0.037+0.005 o
ing their momentum and penetration depth [3]. It is notable N 3
. . .. O -2.0<n"<-1.4 o o <<
that our trigger hadrons have a modified composition ZSOOM 3
(pion/kaon/proton ratio) relative to that at the collision < o © 2
vertex due to species-dependent nuclear interaction cross 2000~ g =0.855:0.086 -2
) . : . S - 0.029+0.003 i
sections. Detailed simulations show that kaons make up : B x - 5 5 % O
65%—90% of positively charged trigger particles and pions i Ao
make up 70%—90% of negatively charged trigger particles. FIG. 1. Azimuthal angle correlation functions. Gaussian

The sizes of the quoted ranges of particle composition are
due to uncertainties on the input particle compositions in
simulation and due to variations, correlated with polar
angle and therefore rapidity, in the length of absorber
material that particles traverse. The baryon contribution
to our trigger particle sample is negligible. We find the
two-particle azimuthal angle correlations for positively
and negatively charged trigger particles to be consistent
and therefore combined the results. Associated particles
are unidentified charged hadrons measured in the PHENIX
central spectrometers [20] which cover || < 0.35 and in
this analysis have 0.5 < p; < 2.5 GeV/c. Standard track
selection criteria [14] are applied.

For comparison we have also included measurements
where trigger particles and associated particles are both
measured in the PHENIX central spectrometers at midra-
pidity. The d + Au points for this comparison are from
[14] and the p + p point is an extension in py of the
analysis that was published in [16].

We define the azimuthal angle correlation function as

CF = W, where dN(A¢)/d(A¢) is the mea-

sured two-particle distribution and acc(A¢) is the two-
particle acceptance obtained by mixing trigger particles
and associated particles from different events within the
same centrality and collision vertex category. This correc-
tion is necessary because the PHENIX central arm detector
is not azimuthally symmetric and the pair acceptance
varies as a function of A¢.

Figure 1 shows the correlation functions for trigger
particles with py = 2-5 GeV/c and associated particles
with pr = 0.5-1.0 GeV/c. A clear peak is seen near
A¢ = 7 on all plots corresponding to the away-side jet.
It is notable that there is no peak near A¢p = 0, as ex-
pected, because the rapidity gap between the two particles
is larger than the width of the near-side jet. Although the
rapidity of away-side particles is not necessarily the same
as the rapidity of the away-side jet, PYTHIA [21] studies
show that the distribution of final state particles around the

widths from the fits and the signal to background ratio integrated
over m — 1 < A¢ < 7 + 1 are shown. Note that the y axis is
zero suppressed on the middle and bottom panels.

jet axis is symmetric in An and A ¢ and the jet cone width
is less than 1 unit of rapidity, which is smaller than the
rapidity gap.

After constructing the correlation functions in vari-

. . tri :
ous bins in p¥°¢, pr% and n"™& we used two meth-

ods to determine the unnormalized number of trigger-
associated particle pairs, N, above a constant
background. In the first method, we define
Npair = ZZ;':ﬂ_l CF(A¢) — X(‘l):_l CF(A¢), where
the first term is the integral of the correlation function
(CF) in the area of the correlation peak (7 — 1 < A¢ <
7 + 1) and the second term is the integral away from the
peak (—1 < A¢ < 1). In the second method we fit the
correlation function with a Gaussian distribution centered
at A¢ = 7 plus a constant background. The values of Ny,
obtained by both methods are found to be consistent and
the small differences are included in our systematic errors.
The solid lines in Fig. 1 show the resulting fits. Gaussian
width parameters (o) and the integrated signal to back-
ground ratios (%) over the signal region (7 — 1 < A¢ <
7 + 1) are quoted.

The conditional yield (CY) (per trigger particle) is de-

finedtobe CY = %,where €assoc (—0.15 £ 0.015) is
trig

the efficiency times acceptance for associated particles and
Nyig 1s the number of trigger particles used to generate the
correlation function. g, is obtained for each colliding
system, centrality class, and p; bin by a GEANT based
simulation of the PHENIX detector [14].

It is interesting to plot the conditional yields as a func-
tion of n'¢. Changing n"¢ from —2.0 to 2.0 effectively
changes the range of Bjorken x of sampled partons in gold
nuclei from 0.173% to 0.017392,. Figure 2 shows the
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results. The first observation is that there is no difference
beyond statistical fluctuations in the conditional yields for
p + p, d + Au peripheral, or d + Au central collisions at
any trigger particle pseudorapidity.

We further quantify any nuclear modification in the

conditional yield by defining a ratio Iy, = Cc;lld*‘*“. The
ptp

technique of comparing conditional yields per trigger to
investigate the source of single-particle nuclear modifica-
tions in the trigger particle region of phase space is well
established at RHIC [14-16]. The fact that single-particle
yields are strongly modified in the trigger particle pr range
makes [;,, particularly interesting since it may shed light
on the nature of the single-particle suppression. For our
rapidity-separated pairs two different models [12,13],
which posit different mechanisms to be responsible for
the single-particle suppression, predict very different re-
sults for the evolution of the correlation function vs central-
ity and x.

Figure 3 shows the ratio 1,5, vs pa®™ for different p}%,
n"e and d + Au centrality bins. Shaded bands on each
data point show point-to-point independent systematic er-
rors due to differences in Ny, obtained from the two
methods described above. There is also a point-to-point
correlated ~2% systematic uncertainty in the centrality
dependence of &g, determined by embedding
Monte Carlo tracks into real events. The size of this
uncertainty is comparable to the width of the 7,4, = 1 line.

For trigger particles at both forward rapidity (sampling
low-x partons in the gold nucleus) and backward rapidity
(sampling high-x partons in the gold nucleus), the mea-
sured 1,4, is consistent with one. There may even be some

2.5<py°<4.0 GeV/c, 1.0<p>>*<2.5 GeV/c

0.15-
S o1} #:3 |
()
0.05- o 0-40% d+Au _
o 40-88% d+Au
0o p+p
0 . . | . . . . | . . . . | . . . . | . . . . |
-2 -1 0 1 2

trig

n

FIG. 2 (color online). Conditional yields are shown as a func-
tion of trigger particle pseudorapidity. Data points at midrapidity
for d + Au collisions are from [14]. To increase visibility, we
artificially shift data points belonging to the same 7' bin. The
errors on each point are statistical. The black bar around 0.1 on
the y axis indicates a 10% common systematic error for all the
data points due to uncertainties in &,.,.. There is an additional
+0.037 systematic error on the midrapidity p + p point from jet
yield extraction, which is shown as the gray bar on that point
(similar analysis as [16]).

evidence of slight enhancement for the case with trigger
particles at forward rapidity in central d + Au collisions.
We note that if monojets were a major contributor to the
trigger particle sample in our x range, we would have
expected a decrease in the conditional yield for d + Au
central collisions with the trigger particle at forward
rapidity.

Our measurement is inconsistent with any large nuclear
suppression (i.e., monojets) of the jet structure in this
kinematic range, but it is in agreement with leading twist
pQCD calculations that predict suppression of single-
particle yields at forward rapidity, with little modification
of the conditional yield [13]. However, we note that in
these modest p; ranges, there may be contributions from
both “hard” (large Q%) processes and ‘“‘soft” coherent
(small Q?) processes. In d + Au collisions soft particle
production is shifted backwards in rapidity [22]. Thus,
the fraction of hadrons at forward rapidity from hard
processes may be increased in central d + Au reactions.
This may offer an explanation for the modest enhancement
seen in the conditional yield for this case and could also
mask a small monojet signal.

We have also compared the Gaussian widths of the
correlation peaks in d + Au collisions vs p + p collisions.
Ratios of the d + Au to p + p widths are plotted in Fig. 4
vs pi*°¢. There may be a hint of a slight p$**°° dependence
in the ratio, but overall there is no significant difference in
the width in d + Au collisions for different n'ie,

In conclusion, we measured two-particle azimuthal cor-
relations with trigger particles at forward, backward, and
midrapidity and correlated them with associated particles
at midrapidity in d + Au and p + p collisions. Associated
particle conditional yields in central d + Au collisions are
consistent with those in p + p collisions and are consistent
over the range |n"i2| < 2.0. We have also compared the
widths of the away-side jet peaks in d + Au and in p + p
collisions, and find no evidence for nmg-dependent modi-
fication within our statistical errors. Overall the results
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FIG. 3. I;a, vs p5*° for different centrality, ptTrig and n"ie
bins. To increase visibility, we artificially shift data points
belonging to the same p7*°° bin.
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FIG. 4. The ratio of correlation peak widths between d + Au
and p + p collisions. Only statistical errors are shown. To
increase visibility, we artificially shift the data points belonging
to the same p%*°° bin.

presented here do not support models that predict strong
modifications on jet production in the kinematic range
covered by this analysis. However, we also note that the
backwards rapidity shift of soft particle production may
reduce the amplitude of such modifications.
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