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Introduction and Motivation
[ ]

Nuclear Parton Distribution Functions (nPDFs)

@ Decomposition of nPDFs

M (2,Q% = RMNx, Q%) - N (x,Q%),

where fV(z,Q?) free nucleon PDF (e.g. CTEQ)

RA(z,Q?) determined from global fits; No spatial dependence
@ EKS98 (LO DGLAP evolution) [Eur.Phys.J., C9:61-68, 1999]
@ EPS09 (LO and NLO + error sets) [JHEP, 04:065, 2009]
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Introduction and Motivation
L o)

Nuclear Geometry

Production of k at impact parameter b

dNAB—>k+X(b) — TAB(b) Z sz ® f]B ® dé.”—)k-f—X
%,J

Nuclear overlap function

Amount of interacting matter at Sy
impact parameter b.
) S1 S92 Sz
TAB(b) = /d STA(SI)TB(S2), b
where 4 2
s1=s+b/2 sa=s—Db/2
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Introduction and Motivation
oe

Nuclear Geometry

Amount of nuclear matter in beam direction

Nuclear thickness function

Woods-Saxon density profile:
Vi n
0

d = 054 fm SRR
Ra = 1.12AY% — 086473 fm

3 A 1
T 4nRE 1+ (3
A = / d%s Ta(s)
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Framework
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Model Framework

Nuclear modifications with spatial dependence

@ We replace

A 2 A 2
Ri (va ) - T (l‘,Q 75)7
where s = the transverse position of the nucleon

o Definition

R, @) = 5 [ EsTaor(.Q9),
where RZ(z,Q?) from EKS98 or EPS09 (=datal)
@ Assumption: spatial dependence related to 74(s)
ra(z, Q% s) =14 c1(z,Q*)[Ta(s)] + ca(z, Q%) [Ta(s))?
+ e3(z, Q) [Ta(s)]® + calw, @*)[Ta(s)

Important: No A dependence in the fit parameters ¢;(z, Q%)
(unlike some earlier analyses with only one fit parameter)

<
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Framework
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Fitting Procedure

Parameters c;(z, Q%) obtained by minimizing the x?

X%(xv Q2) — Z RA(m Q2 fdQSTA ) (x’QQ’S)

A 2
A Wz (‘T7 Q )
Flt to EPSO9 Fit to EKS98
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Framework
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Spatial Dependence of Nuclear Modifications

iz, Q% s) =1+ i c(x,Q%)[Ta(s)) (A= 208, EPS09sNLO)

@ The shape in x is similar to

14 A 2
@12 A .
o [[[[/I””’,%’I’,'IﬁllllIIIlIllIIIIlIIIIIIl \ @ small s:
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Applications
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Observables

Nuclear Modification Factor

(E5) g
R]ZB(bl bQ) — pTaY b1,b2 — dedy
’ <Nb'i77,>b1,b2 dQng f d2b TA ( )d Upp
T oNN dprdy by BA\R) dprdy

4

The Central-to-Peripheral Ratio

d2Nk b d2N
B <de'35 > <Nb11-n>(c) Jug 4%p dp’;ﬁy_/ Jy b T (b)
fer=yanty 5 o 2y ENAp®) / (8 gop 7
<dedy> <me>( ) fb” d dprdy /fbp 45(b)

4

@ Impact parameter values b; and b, for given centrality class
from optical Glauber model
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Applications
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Calculation of dN% ;(b)

Spatially averaged nPDFs

ANAB=E+X () = Ty 5(b) Z RAN @ RP Y @ dg2k X
,J

Spatially dependent nPDFs
dNAB—)k+X(b /d2 TA S + b/2)]n+1 [TB (S - b/2)]m+1

Zc fz ®cm fj ®dA2]—>k+X
4]

@ We provide the coefficients c!(z, Q?) in EKS98s and EPS09s
codes?

"ttps://www.jyu.fi/fysiikka/en/research/highenergy/urhic/
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Applications
o

Pb+Pb collisions at LHC

Ra4 and Reop for partonic-jet production in LO; Baseline for E-loss

12 . :
N T —
=" N
11py=0 7 N\,
10 Raa(central) = (Raa)
\i 09 Raa(peripheral) # 1
<
25 08 Rop # (Raa)
& Y v
o7t /)| EEn) ]
;/ - REPSO%(])T)(O _ 5%)
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d+Au collisions at RHIC

Applications
@00

Min. bias Rqa, for ¥ production at y = 0 in NLO
(calculated with INCNLO)
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@ Data used in EPSQ9 global fit
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Applications
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d+Au collisions at RHIC

Raay for 79 production at y = 0 in different centrality classes
in NLO (calculated with INCNLO)
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Applications
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p+Pb collisions at LHC

Rypy, for 70 production at y = 0 in different centrality classes
in NLO (calculated with INCNLO)
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Summary and Outlook
o

Summary & Outlook

@ Determined the spatial dependence of nuclear modifications
using
@ The A dependence of the EKS98/EPS09 (= data!)
o The power series of the T'4(s)

ljet ljet 70 70
o Calculated Ry, Rop, Riy, and Ripy,

<

o Calculate Rypy, also for photon production
o Publish routines EPS09s and EKS98s? for ri(z, Q?,s)

= Nuclear modifications of any hard process in any centrality
class can be computed consistently with global fits!

N

2https://www. jyu.fi/fysiikka/en/research/highenergy/urhic/
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d+Au collisions at RHIC

Raay for 79 production at y = 3 in different centrality classes
in NLO (calculated with INCNLO)
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p+Pb collisions at LHC

Rypy, for 7 production in different centrality classes at y = 3 in LO
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p+Pb collisions at LHC

Rypy, for 70 production in minimum bias collisions at y = 0

12 r r 12 v v
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= Some difference between LO and NLO results
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Pb+Pb collisions at LHC

Ra4 and Reop for partonic-jet production in LO; Baseline for E-loss
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Au+Au collisions at RHIC

Ra4 and Reop for partonic-jet production in LO; Baseline for E-loss

Raa(central) =~ (Raa)

¥,

Raa(peripheral) # 1

. Rop # (Raa)
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Fitted R(z, Q%) vs. old R(z, Q%)

Rftt(z, Q%) = %/d% Tu(s) [1 + i ci(:zr,Q2)[TA(s)]i]

i=1
18 T T T T
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Fitted R(z, Q%) vs. old R(z, Q%)

R (z,Q%) = %/d% Tu(s) [1 + i ci(z, Q*)[Ta(s)]’

(z,Q%)
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Spatial Dependence of Nuclear Modifications

iz, Q% s) =1+ i i (x,Q%)[Ta(s)) (A= 208, EKS98)
j=1

@ The shape in x is similar to
Ri\(z,Q*)
@ small s:
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Comparision With Other Models

Nuclear modifications with spatial dependence
@ l-parameter fit (R. Vogt et al.) [Phys.Rev. C61 044904, 2000]

@ FGS10 (Frankfurt, Guzey, Strikman)
[Phys.Rept. 512 255-393,2012]

Fit to EKS98
1.0 T T T T T T T
0.95 EKS98s /
-—-- FGS10_L
09T — — EKS98 1 param.
= 0BT =001
ar 0BF Q2 =4GeV?
r\}’,’ 0.75
=
£, 07 i
" oss .
~~~~~~~~~ =
o6
055 |

(2,Q%5)

Pb
o
3

Fit to EPS09LO

EPS09sLO
--—- FGSI10_L
[| —— EPS09LO 1 param.
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A-dependent modification

Thickness function 00 ' ' ' '
e g -0.1 i
o If the Modification of the form o L/
\ e
ra(z, Q% s) =1+ c(x,Q*)[Ta(s)] Pl
S 04t 7
[Phys.Rev., C61:044904, 2000] = os|/ P
© I — C x,
@ The parameter c(z,Q?) from the oo ey, g2
normalization condition o7 —=mn CIPSONLO (52 92) |
08 {f z =001
2y _ AR (z,Q%) ~ 1) 09 b e
@) = ————2—2L 0 50 100 150 200 250
[ d%s[Ta(s)] A

= Strong / dependence of c(z, Q?)!
The s dependence not entirely decomposed from c(z, Q?).
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A+B Collisions

@ The 1-jet distribution for a centrality class with b € [by, bs]
calculated from

Liet by 124 dZNY(b)
<d2NAJJ§ > _Jh d"b dpl;%y
4B == :
dprdy by b . d%b Pl (b)

o piel(b) = 1 — e~ TaB(®)ofl (optical Glauber model)

Parameters from optical Glauber model

central = 0 — 5% peripheral = 60 — 80%
by ] | B[] | (Mow) | b1 [f] | Bz [Em] | (Nown)
RHIC 0.0 3.355 1083 11.62 13.42 15.11
LHC 0.0 3.478 1772 12.05 13.91 19.08

@ RHIC: NN = 42 mb

mne

o LHC: o¥N = 64 mb

inel
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Centrality Classes from pA5 (s)

mel(b17 b2)

Hard Probes 2012
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