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Motivations J /1 suppression data in p A collisions

E-loss parametrization of J/1) suppression

J /1 suppression in p A collisions at forward rapidities

@ J/v suppression due to dissociation in QGP suggested as a
probe of temperature in AA [ ]

@ A strong suppression is seen already in pA at large xF at

various /s
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@ Weaker suppression in the Drell-Yan process
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Motivations J /1 suppression data in p A collisions

E-loss parametrization of J/1) suppression

J /1) suppression in p A collisions

Many mechanisms suggested as a source of the suppression. . .

@ Nuclear absorption
e requires unrealistically large cross section
@ nPDF effects and saturation
e constrained by Drell-Yan
@ Intrinsic charm
e assuming a large amount of charm in the proton

@ Parton energy loss

e requires AE o E, ruled out for incoherent IS and FS radiation

... their relative importance is still debated
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Motivations J /1 suppression data in p A collisions

E-loss parametrization of J/1) suppression

J /1) suppression in p A collisions

Many mechanisms suggested as a source of the suppression. . .

@ Nuclear absorption
e requires unrealistically large cross section
@ nPDF effects and saturation
e constrained by Drell-Yan
@ Intrinsic charm
e assuming a large amount of charm in the proton

@ Parton energy loss

e requires AE o E, ruled out for incoherent IS and FS radiation

... their relative importance is still debated

This talk: the J/v suppression from coherent parton energy loss
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Motivations

J /1) suppression data in p A collisions
E-loss parametrization of J /1) suppression

Gavin—Milana model

Simple model assuming (mean) energy loss via the induced initial
and final state radiation

AE x E L M2

allows for description of both Drell-Yan and J/1 suppression at
high x¢ [ ]

Drell-Yan
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Motivations J /1) suppression data in p A collisions

E-loss parametrization of J /1) suppression

Gavin—Milana model

Simple model assuming (mean) energy loss via the induced initial
and final state radiation

AE x E L M2

allows for description of both Drell-Yan and J/1 suppression at
high x¢ [ ]

Caveats

@ Based on ad hoc assumption AE  E for the scaling
properties of IS and FS induced radiation

o Failure to describe T suppression

@ AE  E claimed to be incorrect in the high energy limit due
to uncertainty principle

Rodion Kolevatov Centrality and p; dependence of J/1)suppression



Energy loss from initial and final state radiation
Coherent radiation with large formation times

Scaling properties of parton energy loss

A bound on energy loss

Purely initial /final state induced radiation comes from short formation

times while large formation times cancel out [ ]
w N
tr~ =<l = AE~w<k®L~gl?
k2 ~ ~ 1
1

e Bound independent of the parton energy
@ Energy loss cannot be arbitrarily large in a finite medium

o Gavin—Milana model is apparently ruled out
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Energy loss from initial and final state radiation

Scaling properties of parton energy loss Coherent radiation with large formation times

A bound on energy loss

Purely initial /final state induced radiation comes from short formation
times while large formation times cancel out [ ]

o<l = AE~w<k®L~gl2
k2 ~ ~ 1
1
e Bound independent of the parton energy
@ Energy loss cannot be arbitrarily large in a finite medium

o Gavin—Milana model is apparently ruled out

The bound applies to:

@ Hadron production in nuclear DIS and Drell-Yan in p A
collisions

@ Jets and hadrons produced in hadronic collisions at large angle
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Energy loss from initial and final state radiation

Scaling properties of parton energy loss Coherent radiation with large formation times

A bound on energy loss

Purely initial /final state induced radiation comes from short formation
times while large formation times cancel out [ ]

w A
tf”ﬁgL = AE~wSK L~gl?
1

Bound independent of the parton energy

Energy loss cannot be arbitrarily large in a finite medium

Gavin—Milana model is apparently ruled out

In certain situations induced radiation has different scaling
properties [ ]
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Scaling properties of parton energy loss Energy loss from initial and final state radiation
g Prop P 8y Coherent radiation with large formation times

Revisiting energy loss scaling properties

Induced gluon radiation dominated by large formation times
w E E 5L
maX(L) thard)<<tf ~ E < toctet ™~ MTq/; ~ W = AE x W E

o toctcl ' ' toc!lcll *
———>§ thadm E 4560 t 2
H ' g [0
} ' X
4
L, tlard ‘ L; twrd

@ Requires small angle scattering of energetic color charge in the
medium rest frame

@ Comes from interference between gluon emissions in the initial
and final state
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Energy loss from initial and final state radiation

Scaling properties of parton energy loss Coherent radiation with large formation times

Revisiting energy loss scaling properties

Induced gluon radiation dominated by large formation times

~

[
=~ AEx VI E

w E
maX(L’ thard)<<tf ~ kT < toctet ~ MTU) ~ W W
1

Applies to:

@ Production of light and open heavy-flavour hadrons at forward
rapidities in the medium rest frame (nuclear matter or QGP)

@ Production of heavy-quarkonium if color neutralisation occurs
on long time-scales foctet => thard

Rodion Kolevatov Centrality and p; dependence of J/1)suppression



Energy loss from initial and final state radiation

Scaling properties of parton energy loss Coherent radiation with large formation times

Medium-induced gluon spectrum

Gluon spectrum d/ /dw ~ Bethe-Heitler spectrum of massive
(color) charge

dl Neovs E2Aq? EN?
e — | 1 L) 14 — Q¢
Y dw ind ™ {n( + w2M? "\ w2M?
| Ag® — A\,
AE = /dww L = N.og 9L~ Raco g
dw; 4 M,

@ AE o E neither initial nor final state effect nor ‘parton’
energy loss: arises from coherent radiation

@ Physical origin: broad tr interval : L, thag < tr < tocter fOr
medium-induced radiation
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

Model for heavy-quarkonium suppression

ldaZA
A dE

€max P
(E.v5) = [ dePle. E1ngt) L2 (E+,v5)

@ pp cross section fitted from experimental data

dogp B da;’,bp

EdE_dy

2M
1 i h n(+/s)
x (1-— s cosh y)

@ P(€): quenching weight, scaling function of & = \/gL/M, x E
o Effective length Log is given by Glauber model, Ly, = 1.5 fm

t
~ Obroad 2 ~ <N}4)ar >w -1
AL — Lpp) = (NG —1) T2 — gioa Lo o
(Le pp) (Ny™ ")y Tinel K1 Tinel£0
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

Transport coefficient

@ g related to gluon distribution in a target nucleon | ]
. 4m?asCr N
G(x) = Ngisl pxG(x,qL)
2 _

o Typical value for x depends on tyara ~ 1715 ~ 1/(mpx,):

m

o thad SL=x=x9~(m,L)"}
® thard > L = x >~ x,;

Using xG(x) ~ x793 for x < 1,

. /1072 %3 .
G(x) =G () x = min(xo, x2)

X

G, only free parameter of the model
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

Procedure

Q Fit g, from J/v E866 data in p W collisions:
g, = 0.075 GeV?/fm

@ Predict J/1 and T suppression for all nuclei and c.m. energies
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Model for J /1) suppression
Comparison to data and predictions

Phenomenology

Procedure

Q Fit g, from J/v E866 data in p W collisions:
g, = 0.075 GeV?/fm

@ Predict J/1 and T suppression for all nuclei and c.m. energies

,
0.8F
_ 3 ¢
Z os 4
3
£
o
0.4
02l qy = 0.075 GeV*/fm (fit) ] o0al qp= 0.075 GeV/fm
E866 Vs = 38.7 GeV E866 Vs = 38.7 GeV
. e . e
-0.2 0 0.2 0.4 0.6 0.8 1 -0.2 0 0.2 0.4 0.6 0.8 1
Xg Xg

o Fe/Be ratio well described, supporting the L dependence of
the model
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

Extrapolating to other energies

Two competing mechanisms might alter heavy-quarkonium suppression
@ Nuclear absorption if hadron formation occurs inside the medium
trorm = Y Tform 5 L

o Lowy/sand/or negative x., indicated later assuming 7¢om = 0.3 fm
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

Extrapolating to other energies

Two competing mechanisms might alter heavy-quarkonium suppression

@ Nuclear absorption if hadron formation occurs inside the medium
tiorm = ¥ Tform < L

o Lowy/sand/or negative x., indicated later assuming 7¢om = 0.3 fm

@ nPDF /saturation effects when Q2 ~ m2

RpA _ RpE:OSS(a) % Siat(Qs)/S;at(Qs)

S5 (Qs) taken from CGC calculations | ]
o No additional parameter: Q2(x, L) = §(x)L [ ]

o Q3(x =1072) =0.11 - 0.14 GeV? consistent with fits to DIS data
[ ]
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

RHIC predictions

1.2)
1 F- NS ol el ittt
__os8f
=
2o6-
o
04 d, = 0.075 GeV¥/fm
' — E.loss
02F - E.loss + saturation |
PHENIX Vs = 200 GeV
0 . . . . .
-3 -2 -1 0 1 2 3
y

@ Good agreement at all rapidity

@ Saturation effects improve the agreement, but taken alone
reproduce neither shape nor the magnitude of the suppression
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Model for J /1) suppression

Comparison to data and predictions
Phenomenology

p. dependence

Most general case. The p; broadening: |Ap, | = Gleg

¥ ¢

1 dO'pA do

[ F)_—_—"PP (F 3. — AB
AdE d?p, /5/<p P(e.E) PL (Ete.p P)

@ Parametrization consistent with pp experimental data

dO'g}p pg m 2M, B
dy %5, () (1~ 2 coshy)" = Nxi(pr) <y p1)

e For P(e, E) peaked at small ¢

RoA(y,pL) = RER (v p1) - ROV (p1)
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Model for J /1) suppression
Comparison to data and predictions
Phenomenology

p. dependence

Most general case. The p; broadening: |Ap, | = Gleg

¥ ¢
1 dO'pA do

[ F)_—_—"PP (F 3. — AB
AdE d?p, /5/<p P(e.E) PL (Ete.p P)

los (y pJ_) Rbroad(y’pj_)

R;bA(yv PJ_) ~ R

@ Overall depletion due to parton energy loss
@ Possible Cronin peak due to momentum broadening

[PL—bp.1) v(EsBL—BPBL).

broad — (
Ry (y,pi) = L w(p1) v(E,py)
REE(y.pu) = [ Ple.) [5

Centrality and p; dependence of J/1)suppression

] v(E+e,py)
v(Espy)
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Model for J/1) suppression
Comparison to data and predictions

Phenomenology

E866 p; dependence

E866 Vs=38.7GeV — E.loss+broad. -~ Broad. only
1.4 1.4

[ Fe/Be (x)=048 T wiBe (x)=048
\ \ | .

2 4 0 2 4
pr (GeV) pr (GeV)

@ Good description of R,a/,5 for pr < 3 GeV

@ Possible reasons for discrepancy at p; > 3 GeV:
e Model calculations at fixed xg rather than averaging
o p; dependence from fit to E789 pp data at xg = 0.
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Model for J/1) suppression

Phenomenology Comparison to data and predictions

Centrality

Centrality dependence is given by L.g

o Experimental situation [ ]
o Centrality selection via multiplicity in target fragmentation
region N§»
o NS is strongly correlated with N5

@ The model
(NR™)y — 1

Oinel PO
o Glauber model estimates of (N5*"),, with constraints on N5™*

o Legg = Lpp+

NtaggedN

o for dAu — estimate of (N5

overall NR***

) with constraints on the
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Model for J/1) suppression

Phenomenology Comparison to data and predictions

RHIC predictions

y=[-2.2;-1.2] — E.loss --- E.loss + saturation

Centra‘llity 0-20“% Centre‘llity 20-4‘0%
t t t

t } 0

151 %l -+ T 15
z iz a1 SRR
1%1 r~ TT h E} Jj o

Centr§|ity 40»6‘0% ‘ Centre‘\lity 60»8‘8%
0 2

6 8

4 4
Py (GeV) Py (GeV)

e Good description of p; and centrality dependence at y = —1.7
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Model for J/1) suppression
Comparison to data and predictions

Phenomenology

RHIC predictions

y=[-0.35;0.35] — E.loss --- E.loss + saturation

Centr§|ity 40»6‘0% ‘ Centre‘\lity 60»8‘8%
0 2

L 0
6 8

4 4
Py (GeV) Py (GeV)

@ Good description of p, and centrality dependence at y =0
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Model for J/1) suppression
Comparison to data and predictions
Phenomenology

RHIC predictions

E.loss --- E.loss + saturation

Centre‘llity 20-4‘0%
t

t
P )
H15* '%I“ T . 71.5/“
& &L g
‘-g1 """ 'Ll '%I T-or TT 1 3
2 ax 2

;B B

0.5F T <10.5

0 Centr§|ity 40»6‘0% ‘ Centre‘\lity 60»8‘8% ‘ 0

0 4 0 2 4 6 8
pr (GeV) Py (GeV)

e Good description of p; and centrality dependence at y = 1.7

Rodion Kolevatov
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Model for J/1) suppression

Phenomenology Comparison to data and predictions

LHC predictions

1.2 T T T T
W
.
WO
0.8F ~ cL 4
~ L
~
3 N o > B
206l Qo=0.075GeV/m ~ o
£ ~ :
« — JIy E. loss AN
04F --- JiyE. loss + saturation N\
Y E.loss \
02r - Y E.loss + saturation 4
LHC Vs =5 TeV
o L . . . .
-5 -25 0 25 5

y

e Moderate effects (~ 20%) around mid-rapidity, smaller at
y <0

o Large effects above y > 2 - 3

@ Slightly smaller suppression expected in the T-channel
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Model for J/1)

suppression

Comparison to data and predictions

Phenomenology

LHC predictions

— E.loss --- E.loss + saturation

g g
B 3
0. 5

Centrality class 3
.

Centrality class 4
.

5 10
pr (GeV)

0

5 10
pr (GeV)

Centrality class 3
.

Centrality class 4
I

5 10
pr (GeV)

@ Suppression expected up to p; ~ 3-4 GeV

0

5
pr (GeV)

@ Possible enhancement in most central collisions
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Model for J/1) suppression
Comparison to data and predictions

Phenomenology

LHC predictions

2 T T T 2 T T T
Y LHCVs=5TeV y=0 Y LHCVs=5TeV y=25
Centrality class 1 Centrality class 1
151 B 151 B
-
=3
&1
i
o
051 E 051 E
— E.loss — E.loss
-- - E. loss + saturation - - E. loss + saturation
0 . . . 0 , . .
0 5 10 15 20 0 5 10 15 20
pr (GeV) p; (GeV)

@ Weaker suppression in the T channel, which however extend to
slightly larger p;.
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Model for J /1) suppression
Comparison to data and predictions

Phenomenology

Comparison with LHCb

_— 1.8 T T [ T T T T T
= °F LHCb
- L - LHCb, prompt J/y
<1.6~ Preliminary &
pPA/Ap Ih"S_NN =5Tey — E.loss . o
14- 0 E. loss + saturation | 1heoretical predictions:
12 JHEP 1303 (2013) 122

[arXiv:1212.0434 ]

0.8

L L LR LR R R R R
v b bew v b b by b b

0.6 —— f;
0.4
0.2
o | 1 1 1 | 1 1 1 I
-5 0 5
y

From Fanfan Jing's talk on Monday
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Model for J /1) suppression

Phenomenology Comparison to data and predictions

Comparison with ALICE

m@ 14T PPb [8,,=5.02 TeV, inclusive J/ vy, >0
N e Loy 497 L <5500 ALICE
R X‘}
EE A
. E : e . ;rac:;gldhjmlnts)
3 TR
0.4 __EPSOQ NLO (Vogt, arXiv:1301.3395 and priv.comm.) o “!mmmmmmmgm (grey boxj
[ [CGC (Fuji et al., arXiv:1304.2221) )
0.2 |- ELoss with q,=0.075 GeV¥m (Arleo et al., arXiv:1212.0434)
| —EPS09 NLO + ELoss with q,=0.055 GeV?/im (Arleo et al., arXiv:1212.0434)
0_|\||\||\||\|\‘\|||‘\||||\ll\l\\l\ll\\l'll\l

4 3 =2 1 0 1 2 3 4

From Roberta Arnaldi’s talk
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Model for J /1) suppression
Comparison to data and predictions

Phenomenology

Comparison with ALICE

o
w L
Toi2p p-Pb |/s,,= 5.02 TeV, inclusive J/ w—u*y’, p >0 %
L NN 2 ) s By
L ALICE
1 -
08
06—
04+
[ [E55EEEY EPS08 NLO (Vogt, arXiv:1301.3395 and priv.comm.)
| ZZZZZZZ] EPS08 LO (Lansberg et al., priv.comm.)
(0.2 — — —  — nDSGLO (Lansberg et al,, priv.comm.)
[ ssssssssss: Eloss with qn=0.075 GeV3m (Arleo et al., arXiv:1212.0434)
: ———— EPS08 NLO + Eloss with q“=(}055 GeV2im (Arleo et al., arXiv:1212.0434)
0 FEN S T T S EN T S S| L | L L

3.8

cms

. . . P
28 3 3.2 3.4 3.6

From Roberta Arnaldi’s talk
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Model for J /1) suppression

Phenomenology Comparison to data and predictions

Comparison with ALICE

16

IE [ PP = 502TeV, Lm.m,(La.c.“..,)'““"gf“‘)""" B The Ry ratio shows a
1.41- o Inclusive Jiy — 'y, 2.96 <y, | <353 pr dependence with a
1.2i_ - stronger suppression

r at low pr
1 - ———— -

0.8

- theoretical

0.8 predictions including

o

0.4F energy loss show
I [ £PS08 NLO (R. Vogt, arXiv:1301.3383 and priv. comm.) Stroﬂg ﬂUClear
0A27 - Emssmmqﬂ:umsﬁe\l‘um (F. Arleo el al,, arXiv:1304.0801) .
L — EPSU?NI.DAEk:ﬂwlmu“ﬂ‘DSSG?Vz-ﬁmF‘-M!onal“lrxw:lMl.mandwlv.wﬂm.) effECts at IOW pT, n
] P P I A E N EN B B fair agreement with
0 2 4 6 8 10 12 14 the data
P, (GeVrc)

From Roberta Arnaldi’s talk
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Model for J/1) suppression

Phenomenology Comparison to data and predictions

Summary

@ Energy loss AE « E due to coherent radiation

o Neither initial nor final state effect
o Parametric dependence of d//dw and AE predicted

@ Heavy-quarkonium suppression predicted for wide range of /s

o Good agreement with all existing data vs. x. (y) and p,.
o Natural explanation for the large x. J/1 suppression

Model supplemented consistently by saturation effects
Supports the assumption of long-lived color octet QQ pairs
o Fair agreement with the LHC pPb data on J /4
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Model for J/1) suppression

Phenomenology Comparison to data and predictions

Backup — Quenching weight

@ Poisson approximation assuming independent emission can be
used for radiation with tr < L [ ]

=1 1 dl(w; 1
P(e)ocz_;)n! ll:ll/dw,- sw)] 5(6—;&#)

o AE o E comes from radiation with tf(w;) ~ w,-/Aqi > L

For tf(wj) ~ tr(wj) > L = emissions i and j are not independent

@ For self-consistency, constrain w1 € wy K ... K wy

0= 2 o [0t}
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Model for J/1) suppression

Phenomenology Comparison to data and predictions

Backup — Leg vs centrality

Glauber, RHIC Glauber, LHC
class | Ngrin; Nmax | S | (Ne) | Law || class | N vmax | ZEEFT(NC) | Ley
A | 11,197 | 028 [15.9(12.87| 1 | 12;208 | 0.246 |14.8|13.46
B | 812 | 024 [109]9.62] 2 9;12 | 0.215 |10.5| 9.55
C 5 8 023 |70 |717 3 58 | 0215 |65 |6.29
D 2, 4 029 | 3.6 384 4 1;5 | 0428 |24 339
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Model for J/1) suppression
Comparison to data and predictions

Phenomenology

Backup — SPS

d, = 0.075 GeV/fm

__o8f
Ky
206
&
04F
02t . —+ . 02
NA3 s = 19.4 GeV (1" beam) NA3 Vs = 22.9 GeV (" beam)
L L L L L L
0 02 04 06 0 02 04 06 08
Xg Xe
o Agreement when x. > x™" (and even below)

o Natural explanation from the different suppression in p A vs m A
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Model for J/1) suppression
Comparison to data and predictions

Phenomenology

Backup - HERA-B

z
o 06 4
0.4 B
d, = 0.075 GeV?/fm
0.2 q
HERA-B Vs = 41.5 GeV
0 -0.4 -d.3 -0‘.2 -d.1 6 011 0.2

Xg
e Also good agreement in the nuclear fragmentation region (x. < 0)

e Enhancement predicted at very negative x;
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