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Cold nuclear matter effects ol o
ol e } ﬁ
e Cronin enhancement a L i
LOF— Cronin, et.al.,
e multiple scattering of partons in incoming nuclei - PR, S10p 1979)
B K* ﬁ
e PID dependence at RHIC, higher enhancement a T
for protons than pions (e , 801 T
e Parton distributions modified in nuclei compared to ? ]
protons |
e can lead to enhancement (anti-shadowing) or B S S —
suppression (shadowing, EMC effect), 0, (Gev/c)
depending on the x of the partons and the Q2 s Fo O —
S B " moion
e Nuclear PDFs with uncertainties, such as EPS09 o /N
<. T
e Color glass condensate - mostly at forward S sk B\l
rapidities, at very low x ot shadowing
R SRR S
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Centrality dependence of nuclear PDFs

¢ Helenius, Eskola, et. al.
published centrality dependent
» 4 6 8 10 B 14 12 4 6 3 1 B 1 16 nuclear PDFs (arXiv:1205.5359)
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e New data can help

constraining these nPDFs
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e \/ersatile detector to measure
rare probes

e Tracking detectors for charged
particles, such as electrons and
charged pions

e RICH allows electron ID

* Photon and electron energy
measured with electromagnetic
calorimeters

e Data taken in 2008 d+Au run
are 30-fold increase compared
to 2003



New results

| will discuss the following

® direct photons (briefly)

® light mesons (1%, n) and reconstructed jets
® single electrons from heavy flavor
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ne lightest: direct
Notons

e Direct photons appear
unmodified in d+Au

e Possibly slight
enhancement at low pr

e Theoretical models agree
with data

e data cannot (yet) distinguish
between models

e Two different methods cover
large pr range

e Strong enhancement at low pr

In Au+Au final state effect
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Measuring jets In
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Measuring jets in
PHENIX |

e Gaussian filter algorithm

¢ seedless, infrared and collinear safe, cone-
like algorithm with Gaussian angular
weighting (w.r.t. jet axis)

e Developed for heavy-ion collisions,

previously used in Cu+Cu and p+p at
PHENIX

e Focus on energetic core of jet, optimized S/B

GeV/o)

S
pr (

e Small underlying event in d+Au, evaluated with
embedding analysis

e Fake rate determined to be < 5% for jets with pr
>9 GeV/c

Poster by Dennis Perepelitsa




Light quarks and
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1.8
Modification® o
1.4
1.2;—
e Looking at d+Au collisions =
. . . 0.8—
without centrality selection: Rda 0eb
appears consistent with unity oar.  HENIX Preliminary
over the whole pr range oo AU ISw=200GeV
e Maybe slight enhancement for
pT > 2 GeV/c < 2.2
© 2= ,R_,0-100%
1.8 dA

e 10 and n show the same behavior

e Both m® and n have same
system (and energy)

dependence _

0.6

e Suppression in Au+Au is final 0-‘2‘
state effect (we knew that before) 0.0
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n/m production ratio

® There is no centrality

dependence of the n/mP ratio

o. 1.2
B

= ' ratio, s, =200 GeV

e At high pT, the ratio flattens 1 ey

X
VY 0-20%
. A 20-40%
out, at low pT, there is turn- g
on 0.8 ¢

40-60%
60-88%

------ wn’ PYTHIA v6.1 (p+p)
........... m, scaling (0-100%) Y

0.6
e Consistent with mrt

scaling

0.4

PHENIX Preliminary
d+Au, \s,,=200 GeV

e mr scaling factor between 02[F
n and n® is ~0.48, which
is consistent with O T e e 0 12 4 16 18 20
measurement in p+p
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Centrality dependence

¢ |[n all three channels,

there is quite strong o 2F R 6088% | @ of un 4090%
centrality dependence | " { I ' [ +
++ {ﬁ -*+++ +4 »
* Rya enhanced in WSRO L } --------------- |l
peripheral, for ]'[O, n, and PHENIX Preliminary PHENIX Preliminary
d+Au, |5,,=200 GeV

d+Au, \'s,,=200 GeV

jets

6510152025303540 6510152025303540
P, (GeV/c) P, (GeV/c)

® |n central events, jets
show some suppression o af Ruw 2040%
(Raa=0.85) at high pT, rt° 16
and n show consistent
behavior

iy

PHENIX Preliminary
d+Au, \'s,,=200 GeV

PHENIX Preliminary
d+Au, |'s,,=200 GeV

* Though hints existed in : :
old data, this is a surprise  * *> " ® 2072550 ?%e\?/?:) 051015 20 25 %0 ?z?;e\?/‘é)
(comparison shown later)
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_ _ & 185 . . ? PHENIX Preliminary
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central compared to CRE_mlets
] o 0 5 10 15 20 25 30 35 o ( égV/c)
peripheral collisions T
< 125: o 20-40%6086% & PHENIX Preliminary
e Present in all three LaE f AU, [5i=200 GeV
measurements 12—-?-%%- éé‘r--,..a_+_ --------------------------------- -
0.8E- 8 ; i - + + +
0.6 =— -+ 0 .
04— en
025 ajets
O_IlllélllI1IOIIII1|5IIII2|0IIII2|5IIIl3lollll3l5lli;l(éllgvllc)
& :i%: R 0-20%/60-68°% PHENIX Preliminary
1.4 d+Au, \'s, =200 GeV
125 <}
1:—Se§gé- —————— W O oo o g -
0.8 M%: Lree ; +
065 o0 3¢ 8" e, + +
0.4;— o
025~ =wjets
0 5 10 15 20 25 30 35



, , L 1.8 L
* Rcp, the ratio of the scaled yield 165 Rop 40-60%/60-88% :“fu”';‘;e::(‘)":;‘;
. . . 1.4 +AU, | Syy=
In central divided by peripheral 12E- |
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e Suppression of yield in oa —-° (p_*1.41)
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L s S FE -
measurements ooF L T S L f + + +
. . 0aE —o 70 (p *1.41) '
e Stretching the m° pr with an 025 o jets
empirical factor of 1/0.7 ’ ° (<50
L 1.8 = o e PHENIX Preliminary
e data align very well! Shape T d+Au, 52200 GeV
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e remember: high prt hadrons 04" +jets'°T -
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—PS09s - does it describe the data”?

_ 2003 data
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~PS09s - does it describe the data”?

e Does EPS09s explain the
centrality dependence?

4.8
o

e n.b.: in their publication, PHENIX 4

data were scaled up/down 12
1
e Adding new data: EPS09s does |
not explain the centrality ok
dependence!
4.8

® reasonable agreement in

central i

e however, does neither 12

describe enhancement nor 1
shape in peripheral

e insufficient constraint on high pr
from old data

2003 and 2008 data
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~PS09 with real

DH EN ‘X Centra”ty %1'8:_ PHENIX Preliminary
[C 1.6 60-88% (peripheral) I I
| | 1.4 I
* Mapping centrality dependence - I I
as integrated longitudinal density 12 II
through the nucleus, using EPS09 L e s I
+ Glauber MC + PYTHIA (x,Q?) - B
0.8
e Using real PHENIX centrality 06E-
distributions 5180 o
< [ d+Au,\s,,=200GeV , o R,
© - o
e Leads also to only a weak (C 'OF 020%(central) __ gpgy
centrality dependence 1-4;— —— EPS09 (uncertainties)
1.2
e Again, data is not matched in -
peripheral collisions i I
0.8~ §
¢ |t seems that Ta scaling does not 0.6F
work => different physics, beyond 024 6 8 10 12 14 16 18 20

modified nPDFs p, (GeV/c)
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Heavy quarks

e Single electrons from heavy
flavor decays

e Enhancement in central d+Au
at intermediate pr

e Can this be Cronin
enhancement?

e Anti-shadowing is expected
around <x>~0.1

e NO suppression visible

18

" d+Au @ |s,,, = 200 GeV, [|<0.35

. . Y en
| 60-88% (peripheral)  PH-“ENIX

- 0-20% (central)

1234 56 7 8

<x>~0.1

Submitted to PRL (arXiv:1208.1293)
Poster by Matt Durham
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-PS09

e Comparison with EPS09,
centrality dependence via
iIntegrated longitudinal density

e \Works well in peripheral
collisions

e Disagreement in enhancement
region in central collisions

¢ Calculation does not include
Cronin enhancement!
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Summary and outlook

e PHENIX measured centrality dependence of 1%, n, reconstructed jets, and
electrons from heavy flavor, and minimum bias direct photons in d+Au

® Photons not modified, low pt enhancement in Au+Au final state effect

e Quite strong centrality dependence of high pt 1%, n, and jets with slight
suppression in central and enhancement in peripheral collisions

e EPS09 nuclear PDF does not describe this centrality dependence, are
there additional mechanisms in peripheral d+Au?

e HF electrons enhanced at intermediate pr in central collisions, not in
peripheral

e Future: high statistics direct photon measurement with 2008 data

e Future detector upgrade (MPC-EX) will allow more precise measurements at
forward rapidity

20



Related talks and posters

e Talks:

e M. Wysocki (Monday plenary session, 15:05)

e D. McGlinchey (Tuesday parallel 4 session, 15:15)

e Posters:

e D. Perepelitsa

e M. Durham
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the 2003 data ~

e They are the same

e Centrality
dependence in d+Au
IS nothing new, but
measured much
more precise now
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—PS09 - another look at the centrality dependence

8 1.4E
e Calculating Rcp for EPS09s: = 13£ 10 R, 40-60%/60-88%
does not predict a strong ME aetetttiite, j
) Sl aun B I S s S . ---------
centrality dependence 095 't
0:7 E— PHENIX Preliminary
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. . 0.5 —— %~~~ "% 8 H0 iz 14 16 18 20 22
¢ |argest deviation from 1 for Rcp P, (GeV/c)
(from arXiv:1205.5359) at pt~6 , 14,
. T 13E o . .
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: 11 o0 d
to peripheral R e UL T YO—
0'95_ * 09§§§ é ¢ %
0.8
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* No modification at high pr in B e e e e e
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