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Dutline

J/P suppression in pA
Leading/higher twist shadowing,
absorption, color transparency, etc.

+ PA:

4+ DPA->AA: Nontrivial transition.

Double color filtering, ‘“Cold nuclear matter” is not cold, etc.

4 AA: Charmonium survival in a dense medium

Probing the transport coefficient
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pA: |/W formation and color transparency

A cc dipole is produced with a small separation @ ~ Hll ~ 0.1@

and then evolves into a J/W mean size rj/¢ ~ 0.5 tm
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pA: Higher twist c-quark shadowing

: : i , 1/x2
At higher energies 0,},5 is affected by another 1 21 41 &
time scale, the lifetime of a cc fluctuation |
2E; /¢ 1 0.7
i = ‘ t S
p mﬁ/q, g (5 times shorter than tr) =

0.6
If t, > Ra the initial state fluctuation g — aq |

leads to shadowing corrections related to 0.5 e ]
a non-zero cc separation. s
Poab gl oD e e
: o NMC 200 GeV
12 L a NMC 280 GeV
‘ge T3 OSEES e R R s i
Path integral technique: all possible paths of the #°°r [ TT—H
. - 0.6 | +
f;uarl.(s are summed up,.aabs(I'T,Eac) 9'V.35 the A = J/UX
imaginary part of the light-cone potential. 045080150 180 230 280
v (GeV)
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pA: Leading twist gluon shadowing :

The coherence length for gluon shadowing is much shorter than for quarks

P& s
e = 2 e Xt —x1) P& ~ 0.1 ) is independent of the scale.
3/

This is why there is no shadowing above %, > 0.01 where X2 = x2/(1 — x1)

in particular, gluon shadowing should not affect
any of the fixed-targe‘r exper'imerrl's 12 <1 fm

V‘/\tN‘ P N PR NS ~v-"~—\_ N R PIRR At N SAV e NG
A

No gluon shadowmg a‘r RHIC a’r XF = O
since x- > 0.018 is too large.

R AV A M SISt e e e SN R e

e o L
IR0, Y U IO DO ey

At forward rapidities X2 is falling as
X =) \/(mﬁ/q, +(p1))/s

Still gluon shadowing is very weak
NLO: D. de Florian&R. Sassot(2004)

H3
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pA: Charmonium suppression at RHIC/LHC

sl m J/¥ The Cc pair attenuates not only in final state

N/
CILLA @l

c 2 th (breakup), but also in initial state (shadowing)

SpA(b7 Z) s /der KO(mch) r%ﬂ \IIJ/\I,(I'T)Q_%O-ECg(rT)T—(bvz)_%aéc(rT)T+ (b,Z)

ie=i(hz) — / dz’ pa(b,z’) ]

= H L i,
T, (b,z) =Ta(b)—T_(b, z) St S i _
Ta(b) = T_(b,c0) | -

| LR =
0.6_— Lo E :
Uécg(rT) — ZUEC(FT/Z) ;UEC(PT) :

e
s

0.4_— :

Vs=5.5 TeV ]

o ; 1

Both cross sections ozcg and oz, steeply 0.2} :

: . o 2 0.288
rise with rapidity ozc x Qs(x2) x € 4 _
0 1 ] 1 1 1 ] 1 1 1 ] 1
o -2 0 2
as dictated by DIS data from HERA. y
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pA: Cronin effect
Available pp data agree with simple |
pT dependence ( pr < 5GeV )

Somd 0) (1 ok ) t (Phpa = (PR)ep + Q2
dpr 6(p3.)

Broadening (saturation/scale) is well calculated
within the color dipole phenomenology Q2A(b) = V2 oqip(rT) Ta (b)

In pA collisions (%) is increased
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pA: Bottomium

Similar calculations (J/¥ — Y(1S) ) lead to

0_95- Suppression of the radial excitations
| Y(2S), Y(3S) is expected to be similar
0.8
Lo (compare J/¥ — ¥'), since it is mainly
07 controlled by the size of the produced
i heavy dipole.
5

CMS @ 2.76 TeV

T (1S) RAAIn the most central 20%
— 0.60 £ 0.12(stat.) £ 0.10(syst.)
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AA (iS1): Double color filtering

Survival probability of a dipole in a medium:
Naive: P(L) — e_aabs,OAL

Oabs is the break-up cross section

Color transparency makes the medium

more transparent P(L) = 1
1+ O-abspAL
el L S T [ S I S E—
Slhiifotieaus’ pr'opagahon through two nuclei et zf(:n) e
1
Naive: | il Dl b7 o i =l R BLEE Sl B =
1T cererLa) (L + cunerL)

Double color filtering: P(La,Ls) 1

ouble color filtering: Lp) =

J AT 1 4 Gapsp(La + L)
lsg%w 9 B. Kopeliovich, BNL, June 13, 2011
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AA(ISE): Cold nuclear matter 1s not cold

W

J. Huefner & B.K. (1998)

The radiated gluons participate in the
t Q‘Q’ cc break-up, as well as in broadening

Gluon radiation time

| B e & _ 2Eqa(1—a)
101273 4 s 6 7 8 9 10 . a2m?2 + k2
L (fm) 9
Broadening is not additive,it is twice X
stronger in AA on the same length. / dk2 / d O(Az — 18
PR Ny <ng> Um NN O‘ doz dk2 ( Z f)
& j J/\Ij mln min
S 6.9 x 10~1 (SPS, /s =20GeV)
) (ng) = { 6.9x1073  (RHIC, /s =200GeV)
e 12x107°  (LHC, /s =1200GeV)
S
B
S s The effect vanishes at the energies of RHIC and LHC.
a
R S
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AA (ISH): Excitation of higher Fock componemnts

Like at low energies, broadening in AA collision should be enhanced
compared to pA, but for another reason: boosted saturation scale.

32 ~

~

Mutual multiple interactions Qis(xB) = ——0s(Qda + Q0)xBeN(xB, Qs + Q7) Ts
= 372 2 2
of the nucleons enhance ?!‘\e. Bena %&S(QgB + Q3)xagn(xa, Qs + Q3) Ta
higher Fock states, containing
more gluons at small x. Ka = Q2,/Q2,
E 3
131 RHIC ) ;
| : Cold
nuclear
maftter
1s not | "
| cold
% 05 1 15 2 25 3 L e T o A T B

T,=Tg (fm™)
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The combined effects of nuclear
shadowing for charm quarks and

for gluons, color transparency, double
color filtering, broadening and Cronin
enhancement, and boosting of the
saturation scale, the J/@ survival
probability related to ISI in AA collisions
is substantial.

|S| effects
1.5}
s RHIC
< 1F
m /0
w7
_="purPV
0.5 P\, S
:: = ?‘0'?‘0
S e g 10
P+ (GeV)

The predicted pT dependence is not reliable at pr > 5GeV
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AA (FSi): Relevant time scales E

% Production time:

In the c.m. of the collision a colorless cc -pair is produced at the time

which is much shorter that the time scale of medium creation, tp < to

| However, t, isvs/2mn longer in the rest frames of colliding nuclei

* Formation time:
The time of formation of the J/¥ wave function is also short

2 2
t* = VPEAMS g
f (Myg/—my,g)mj/ g

< 0.5 fm

% Not a cc dipole, but a fully formed J /¥ propagates through the medium

AT B B. Kopeliovich, BNL, June 13, 2011




AA (FsSi): Attenuation in the dense medium i

2

The absorption cross section for a dipole propagating _
through a medium is related to the parton sl Cu-Cu
broadening, i.e. to the transport coefficient q '

q=2p

ey 3|
do(r) ) dS(r,1) . e T

A\
i * ®
~
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~~.
--------

y g 0.5:—*’ ¢ b + ------------------------------------

2
dr® Ir=0 apsorption rate

7

1 1 L e 2 /¢
- fusoa[ o fanes] o esce
0 ] lo - 0. <205 4 6=Vt

p+ (GeV)

J /¥ breakup is controlled by the same transport coefficient as the energy loss.

QO t0 npart (ba S) ~

and adjusted | §o ~ 0.5 GeV?/fm |to reproduce the data
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AA (FsSlI): Attenuation in the dense medium

The combined ISI and FSI effects

R A e o M LN M R P L SRS
' L The pT-integrated ratio
1.5} _

el T Cu-Cu \/52200(}6\/ RAA — (.54
SRR Au-Au | /s =200GeV | Rya = 0.34
| ' Pb-Pb | /s =2.76TeV | Rqa = 0.18
Pb-Pb | /s =5.50TeV | Rqa = 0.16
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Summmary

Charmonium production offers a novel clean (a different kind
of dirt) probe for the medium created in heavy ion collisions:

no energy loss, but rather complicated ISI effects, which explain a
substantial part of the observed suppression.

@ The ISI effects include: (i) coherence effects for interaction of |cc>
(c-quark shadowing) and |Cc g...> (gluon shadowing) Fock components
of projectile gluons; (ii) color transparency: (iii) double color filtering:
(iv) Cronin effect; (v) boosting of the saturation scale.

While (i), (ii) and (iv) are well confirmed by data on pA, (iii) and (v)
need further experimental tests

@ Attenuation is controlled by the same transport coefficient as parton
broadening and energy loss, which is found from J/W¥ data to be rather
small, §o ~ 0.5 GeV?/fm, compared to the results of jet quenching

- analyses based on the energy loss scenario.
“H« 0 B. Kopeliovich, BNL, June 13, 2011




