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flavors: a probe of the medium
icular the interest of
, sensitive to

[ |
[

el E() &)

' other cold nuclear matter effects H.Satz hep-ph 0609197 2006

also to collisions with nucleons,

0 main classes ?
= - associated with Nuclei (shadowing, CGC...

= - associated with collision (Eloss, 6

breakup, comovers
(together in « higher twist » ?)

absorption’
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forewords

d on RHIC results, d Au

omain, a lot of progress has been
st 10-20 years, especially for

thing.
robable but

ere peculiar trends, beyond the
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pected cold nuclear (p-A) etfects ?

ical behaviors no

= Hopés‘ to separate competing effects ?
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200 GeV

200 GeV Global sys.= + 9.2%
62 GeV X
39 GeV L] 62.4 GeV PHENIX data/Our estimate

Global sys.= + 29.4%
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Suppression and régénérations
compensate ?
(Zhao & Rapp PRC 82 064905 2010)




Wpen flavor

@ Less interaction than light
uarks expected
?suppression of forward
gluon radiation)

B Strong coupling observed

B models suggest small
relaxation time or
diffusion coefficient

= Calls for extended
models: individual
collisions (more
important at Rhic ?Ig,
dissociation in QGP,
shadowing.

@ toward time evolution
of medium and HF
mesons ? (and separate
treatment for b and c)

— e Armesto et al. (I)

[ | vanHeesetal. (Il)

EImimIm { SIFIEHT:I Moore &
12/(2rT) Teaney (Il

Py [GeVic]




Open flavor

Single electrons from heavy flavor in the central region

d-Au and Au-Au : PRL 109 242301 2012

Integrated: Scales with
Ncoll in AuAu
Decreases with Pt

Strong change with
ions:

dAu: increase, and
with Pt

Au-Au decrease
Cu-Cu in between

e—;E from heavy flavor

~1~|Il+ B
|+
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e need to understand the
Jrodiction process and cold
Matter effects
7, d;yh -A collisions
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Star
Phenix
Hera-B
E866
E789
NAS50
NA60
NA3
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17.5
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3.7
3.7
3.44
2.9
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J-200 Ge
data from a specific experiment
'CERN-SPS \ | CERN-Spp$S Fermilab-Tevatron | CERN-LHC
uat CDE ALICE

NAZT NAJ E789 LHCh

NA34.3 NA38 E866

NA50 NAS51
d-Au D, ee In|<1
d-Au e, U, ee; Uy In|<0.35 & 1.2-2.1
C Ti, W D° D*Ds.. -0.15<XF<-0.05
Be Fe W LI 0<XF<1
Be Au D°, D° 0<XF<0.08
Be AICu AgWPb pp 0<Y<1
BeAlICulnWPbU pp 0.3<Y<0.8
H?, Pt L 0<XF<0.8



parton

Starting from diStl’i b UtiOﬂ iﬂ

1.0

— shadowing- l .
‘;-’ antishadowing N uciel
o EMC,
05 for gluons From R.Vogt PRC 71, 054902 (2005)
' | ' | ' |
102 10% 109 102 101100 e i
* 9 1.00
]
' E— -
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] 2 075
(b)Ruic  — 107 n
N
I { §
- —107= 2 050
o
Using 103
(Y, Pt) -> Xt| or XP ‘
i | ]

One finally transforms the
effect as a function of rapidity
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Several ways of quantifying the
sUppression effect in pA

E772, p+A-> u'

B pA cross sections : alpha 1' s i e
arameter

5::..___~ ——— g~~~ = g = -
- e L
~ -

@ RpA: production ratio between
PA and pp*Ncoll [well suited
for centrality domain, for
instance Rcp central /peripheral,
and one system]

Also, a traduction of RpA or a can
be performed, for instance to get an
equivalent absorption cross section

(exponential alternative to A”
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Mike Leitch - LANL

Should scale with parton X2 ?

%‘
:
|J—L:| ST L L B I I
* d + Au Minimum Bias s Au+Au (cent. 6%)
] 1 |-u|.2 L1 1 6 ] 1 ] ﬂl|2 ] 1 ] ﬂl|ql ] ] u|E a ﬁpNSD (LLAS) )
‘n“"‘“l.‘uilah-‘"“.t‘

General increase of the effect with XF é 3r ety sty A il

Effect decreasing with increasing energy £ v, .\
T 2- ..*' b SO .

A suppression as a function of the longitudinal I " Q '\

b ) . . e L e
variable, which is also a general trend in soft 1 A Ne oA
productions: the assymetry of the Y distribution - /1 Phobos PRC72031901 =, [, .
associated to the assymetry of the p-A collision b s i s a6 i s a4 e

(= If Gabs, it increases with Y)

Lourenco et al. : no universal &

1
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/- €NM suppression at RHIC :

e STAR lyl<t d+Au — Jhp+X
o PHENIX lyl<0.35 \Sy = 200 GeV
~= EPS09 +0,,, (3 mb)

e STAR lyl<1 d+Au — Jhp+X
o PHENIX lyl<0.35 (minimum bias)
_— . — EPS09 +0_,_ (3 mb)

CIp+p ONgou

CPHENIX. ’ p+p stat.

Mp+p syst.

CIPHENIX.

12 14 16

STAR, Jaroslav Bielcik, Hard Probes 2013

Phenix and Star Results in agreement Also: PHENIX and

Suppression of ]/y , consistent with effect of STAR Ob§erve the
shadowing and nuclear absorption decrease is at low PT

Denis Jouan, IPN, 20 fevrier 2014 15



v 1 J/w PHENIX
1 ettt Sl I
<3 u \llh . . ) . . -
& s F @ k| Suppression, increasing with rapidity and
== = T -1 . o .
s a] with centrality . Can be quite reproduced
L 05— T : . .
2 [ Ccentaity 50.88% 2| with structure function+shadowing, and
T 0.4 |- Global Scale Uncertainty +107% Bl nuclear absorption
- o .
02 - —FEPSWando,=dmb .[ ,}. - Jy in d+Au at\[Sy=200 GeV
E | | | | | E (o) o Jyl2<y<24
e E = Jiy-05<y<05
—— — — Q) —
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] S | | | N S b
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& B - o,
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_ = . m :In"lllII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
04 C Centrality 0-20°%/60-88% ¥ 4 0.3 04 05 06 07 08 08 1 11 12
 Global Scale Uncertainty 28.2% © RdAu: average dAu effect
02 — | L —

od—> Slope is sensitive to the
¢—Aul | thickness dependence of the

Denis Jouan, IPN, 20 fevrier 2018Uppression in the nucleus16

PRL 107, 142301 (2011)



B B S B B L more Increase in backward Y (Au going)

22 - Global Scale Uncertainty 8.3% E
C e Kopeliovich et al. =
2= = Ferreiro et al. —
C nDSg Gahs=4'2 mb ]
ﬂ 1.5 $ |:.:| 7
H | I C [ﬁ ]
o - @ % T
ﬂ o | — ——@7:_;7;,;;+7ar e Sttt
0.5 ' —
]

similar to quarks,

B diAu 22<y<.12 ; -2.2<y<-1.2 (a)-
& d+Au Iyl <0.35 ] _:.::{::::{::::{::::I::::{::::{::::{::::{::::__
o dAY "I’I <y<22 - 2'5: Global Scale Uncertainty 7.8% ]
_u_.||ll|||I||.lll|||||.ll1|1lll|.lll C miemm KOpEIiOViChetal. -
3 ] B ] (T F I T 2 — - Fetreiro et al. E
u nDSgo,, =4.2 mb ]
2 1.5 —
<P;?> Increases with Pt. L E [E E] .
o . . 1 ““““““““““ bt i i oo ;.—;,—_—.—.‘.r-"-"“ e
Cronin multiple scattering effect a I5 @_.__.._:-:_-_:[%I__% -
0.5 —
- lyl<0.35 (b)7
: ) ) 2.5__::::I::::I::::I::::I:::_:I::::I::::I::::I::::
gluon distributions are not very well known, - Global Scale Uncertainty 8.2%
: ) ) . of T Kopeliovich et al.
but even assuming shadowing antishadowing - —-Ferreiro et al.
; 5:_ nDSg 6,p,=4.2 mb

RdJﬂ\u

the assymetry backward /forward and Pt
distribution are not simultaneously reproduced

1.2<y<2.2 (o)

1 2 3 -

o

Denis Jouan, IPN, 20 fevrier 2014
PHENIX PRC87, 034904 (2013



- Global Scale Uncertainty 9.0% 2.2 <]y < -1.2 - Global Scale Uncertalnty 9.0% 12<y<22
.T J- J/y in d+Au at \[5,=200 GeV

2:_Jhp' in d+Au at\fs ;=200 GeV i _E
C —— EKS980,,_ =4.2mb W m EKS98 G, = 4.2 mb 7
Whereas they . 5:_— = nDSg o, =4. 2@!’1!) %l _: :_— - nDSg 6, =42mb _:
2 E i m
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region the
shadowing
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decrease with Pt
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The proof of the
shadowing is in the...

Long standing puzzle with X2....
Mike Leitch, QCD factorization violated by
BNL 01/2013 higher twist mechanisms
D.Kharzeev Nuc Phys 1770 2006 40,

o NA3 (19 GeV)

o b citing Brodsky 1991

& PHENDX {200 GeV)

— g,=009GeVffm --- §,=0.05GeV/m + sat.

This shows that
(S.Peigné QWG2013)

Another explanation: the « soft »
interactions (Eloss), in the travel across the
medium, could reproduce both Y and Pt
distribution, for all energies and quarkonia,
with only one parameter

Arleo,
Denis Jouan, IPN, 20 fevrier 2014 Peigné,

1212.0434




End of XXth
century:
Collision of cc
pair with nucleon

A50 EPJC 2006 48 239

g
=
g
2
S
-
z
B
=)
5
=

[

e Iy
2t O v
—  Glauber model

pL
Jahs \

b i'

v il 1991

Ty =
IM ’*

2.0 6.0 10,0
Mass (GeV)

10 100

Mass Number

o(p") / A (nb/nucleon)

PR

B

(pL))

Beginning XXIth
century: introduction
of time dilation
(F.Arleo et al. PRC 61
054906 2000),
affecting breakup
Cross section

o ard =
(-T(C(‘__PLN'- 7 a1 ‘ 10 GeV ' ra?{f /

because of the
expansion time of the
quarkonia

(about 0.3 fm/c)

2013 McGlinchey
Frawley Vogt PRC87
054910: pdf nuc RT
dependence (centrality
in dAu)

also : time dilation

Denis Jouan, IPN, 20 fevrier 2014

CNM (and or seen as absmpsron)

> E866 WiBe
* [EB866 Fe/Be

2009 Lourenco Vogt Wohri
JHEP 02 014

Nuc Pdf, -> o,,, depends on
rapidity, energy

From J/¥ PHENIX RdAu

=To(r) 4 R(y), d(y)
&* Tf(rT) ¢ R, d global



Jime dilation

Looks SIMple, but slippery subject (see web)

A light packet traveling (w) between two mirrors is
studied by an observer moving perpandicularly with
speed v. Light is moving at speed c for all observers.
(cT")?+(vT)?=(cT)? leads to the usual y factor for T/ T’
(increase of « life » time)

[it works but: is it ok ? No instant transmission ? |

Time for crossing 4.5 fm (matter at rest), as a
function of the rapidity of the particle, in the
¥ evolves as exp(Y) proper time of the moving particle.

Too soorMeycollide ?

YT rapidity of the particle, in the Heavy target frame

Denis Jouan, IPN, 20 fevrier 2014 21



Rapidity, energy, and proper time
dependences of the absorption

Separate absorption
(EPS09 NLO) from
shadowing , by fitting
rapidity distributions
as functions of

At mid and backward (heavy one)
rapidity the absorption depends on
the time spent by the particle in
the target (¢ L/y)

centrahty E866 800 GoV
HERA-B 920 GeV
NA50 450 GeV
NA50 400 GeV
NA3 200 GeV
NA60 158 GeV

' PHEMIX 200 GaV

W HERAB 418GV

A E0GE 368 GeV

O NASO-450 9.1 GV

i N NAS0-400 274 GeV
y = -0.300 3 P
Global +14.6% 7

Other
mechanism
needed for
| high
Global +1a 7% ] rapidities
ol Quarkonia:
y0m 3 not only thermometers, but

Global +10.7% 3

Denis Jouan, IPN, 20 fevrier 2014 alSO Chronometers 22



PHENIX arXiv:1305.551 { I il Il BR.CH ki M . CO IRE B0 OO N

] 4_' T T ey | | mass[GeV] | 3.10 | 3.53 | 3.68 | 0.46 [ 9.99 | 10.02 | 10.26 | 1036

T | Global Sys | AF [GeV] | 0.64 | 0.20 | 0.05 | 1.10| 0.67 | 0.54 | 031 | 0.20

- = J/v Phys.R

1.2 Global Sys | AM [GeV] | 0.02 | -0.03 [ 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

1i ___________ |, A | radius [fm] | 0.25| 0.36 | 0.45]| 0.14 | 0.22 | 0.28 | 0.34 | 0.39
0.8 ' 8 -
-}n:%O.B: | (L] . .
0.6 : -
0.4 =
02 y1<0.35 [S\n=200 GeV d+A } E
- Y| <U. S,u= e +AU —
1V1<0-35 \Syy=200CeVdeu 1 -
00 2 4 6 8 10 12 14 16 18

coll

Another surprise: much more important suppression for
Y’ than for the ¥

The ¥’ is expected to melt before the J/'¥, due to its larger radius

and smaller binding energy. It is observed in SPS H.I.collisions,
but not expected in d-Au at RHIC due to the smaller available
time Denis Jouan, IPN, 20 fevrier 2014



107
Quarkonia time in nucleus (1) [fm/c]

Unexpected difference between V’
and ¥ suppression at the beginning

;; 1-5: ' ' T T T T T T TarXiv:hep-ph/9907286]
2 14 -
S 12 E
- - =
o 1 =
© - -
2 0.8 n q' B
E 0.6:_ % —o— NASBOD _:
” 0.4:_ —a— EBB6/NuSea _:
2 - —e— PHENIX d+Au .
% 0-2:— —— F. Arleo et al. B
I 0_ . L ! L L T —— -

=
=
f

Bmlg(lp') / B, Sy
=

& y'fy, NASO 2000, p-A 400 GeV

Y yy, NASO 98/00, p-A 450 GeV
B 'y, NAS0 9698, p-A 430 GeV

TTT T 1T
)
1 10 10
Target mass number

i

obal Sys +3 4%

ly|<0.35 \}%:200 GeV d+Au

o Feed-down Corrected J/'y — e'e’

xc—>e+e'
A \|J—>ee

of the formation process.
1=
more quarkonia species become [
available o 065
prospects for the study of the 0.4
quarkonia suppression with 0.2
respect to their binding energy 003

Denis Jouan, IPN, 20 fevrier 2014

o 0.3
Quarkonium Binding Energy [GeV]

0.4 0.5 0.6 0.7

0.¢



2009, [L dt=19.7 pb!

[ ] =
_ £ _ESTARpp | . .
g I STAR Prelminary Y l n S m:_E=znu-Gev |”| o Ml
8"!]_ PP [y = 200 GaV m:_h,“lquj [t Comb. Background (CB)
L ly <05, 0<p <10 £
i ¢ H:-m. ' > 50 * ------- CB + Drell-Yan + bb
M__ LS S TA R g + | CB + DY + b6 + T(15425+35)
i --—-— Comb. Background {G8) .m:— + +
r — CB + Dvell-Yan + b C
__ ———— CB + DY+ HE+Y(194284385) 2009 pp 3{]:—
: -=—-= integral of CB + DY + BB+ Y 20:_
| 40 B
i 10
20 - ' (BOITOWQd =3 g 10 i 2 A3 14
Co ‘#._.ﬁ’.‘..;,.f__ *#-wj} + m,, (Gevicd)
Qe L, LR o from Manuel g
m,, (GeV, -
3 350 STAR d+Au o NN eN. @
Ny(total)= 145+26(stat.) galderon de la S mf_ﬁﬂﬂww --- Comb. Background {CE)
3 arca, Weal<0-2 “7= CB + Drell-Yan + bb
Y " B(nS) x o(nS) = 91.8+ 16.6 + 19 pb 2 e
n=1 STAR Preliminary WWND 2013) . :{E:s'l;;:“:n: :.:.::E].

February 5, 2013 WWRND 2013

RdAu = 0:67 + 0:12(stat:) +
0:04(sys:) + 0:08(p+p sys:)
(Archiv 1312.3675)

- Additional cold

matter suppression
« consistent with previous
measurements from p+A
fixed-target experiments”

25

Probing gluon EMC Denis Jouan, IPN,, 20 fevrier 2014



+ STARR,,, (15+25+3S)

Y i n P l—[ E I\[ l) STAR p+p Syst. Uncertainty
Low statistics, then no significant
constraint. Reasonable agreement
with NLO calculations

o Shadowing, EPS09 (Vogt)
— = Energy Loss (Arleo, Peigng)
== Energy Loss + EPS09

T(18+28+38) R

—
—
——

Suggests a backward suppression,

could be induced by the parton
distributions (EMC effect)

25 -2 145 1 05 0 05 1 15 2 25'

= A possible atypical behaviour Y,

of hard pI'OdllCtiOl’l ( % SOft) B S =200GeV @  Y(18+28+38) — u'y, Iyl €11.2,2 3HPHENIO
NLO EPS09 for Y{18+28+38)Vogth

with o, - 0 to 8 mb by 2 mb

a unique PDF effect ?

(+cfJ/psi ?)
Or nuclear break up ?

o
Rapidity
PHYSICAL REVIEW C 87, 044909 (2013)

Y(1S), S, = 38.8 GeV(E772) I

Y(25+38), |[S,,, = 38.8 GeV(E772)

Y(15+25+38), Sy = 200 GeV(PHENIX)




Y. sensitive
measurement ?

« EMC » effect ?
(for gluons)

—— E.loss
-——  E. loss + saturation

3 D) 1 0 1 2

=]
=

- . - -

R N SRAMMSRNREIN MMM R Omb_T
Rt =1 - - WQ‘? ]
NN e Sa— —e
N e A AR ] _
RS 8mb ]
N 3
C 3. 7.8% Global Uncertainty ® =
:I oo b o b e b 1 |:
-3 -2 -1 1 2 3

 (Swm=200GeV @

A A

T I T T T T
Y15+254+38) — p*y, Iyl €[1.2,2.2HPHENIDO —]

NLO EPS09 for Y{15+25+35)(Vogt)
with o, : 0 to 8 mb by 2 mb

[1]
Rapidity

Jouan, IPN, 20 février 2014




Open Heavy Flavor

avor originates from the same production mechanism

(Nelson, Vogt, Frawley
arxiv:1210.4610 : aim at
calculating quarkonia from
model tuned on open flavor
production in pp )

> D(*,,0,+s....)
-> D*-or D%or D,*-
(~16%) (~7%) (~7%) -> |lepton + anything
way: single leptons: (also b-> B->D + X ) [*]
[*] a correlated component of like sign dimuons has been
extracted (L.Patel, DIS2013)

Single leptons from HF Harder than quarkonia to extract:
must be separated from the contribution from low masses

mesons

Denis Jouan, IPN, 20 fevrier 2014 28



gle leptons in PHENIX

- Peripheral collisions: RdAu~1
- With centrality
Low Pt:

« [dtAu@(5=200Gev & 20<Y <-4

14<y<20 7
o 2__ - ] . .
K “F E Increase in backward (Au) domain
150 = (a) 60-88% . :
: el Decrease in forward (d) domain
1__ ------
¢ e ly|<0.35(Phys. Rev. Lett. 109, 242301)  —
05 Sy oSt
2.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IEPISIDQ.SI II_{:I}' ID_;I-I.I
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[8] Jiw, backward (+9.0%) ® HF u°, backward (£11.0%)

2 5L (B Jiy, forward (£9.0%)

Archiv 1310.1005

m HF p°, forward (£11.0%)

P, (GeVic)

Denis Jouan, IPN, 20 fevrier 2014

Open vs hidden

With centrality

* d rapidity hemisphere:
Similar suppression for
hidden and open

* _Au hemisphere:

Quarkonia suppression
(smaller)

Reverse behaviour for
openHF :

increase of Open HF
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number of binary collisions Nhin

(From C.Kikola , DIS 2013)

P, (GeVic)

do | ¢
dy y=0

2009 measurement, PRD 86 072013

= 170 = 45(stat)* 35(sys) ub.

RdAu displays a clear increase dN(D°) /dy|y—o (10-2)]do ¥ /dy|y—o (mb)

Also for D production. d-Au: D’ 2.84+0.4+0.8 0.291+0.04+0.08
D4e* 2.940.4£0.8 0.30+0.04+0.09

RHIC results contrasts with HERA B PRL 94 (2005) 62301

and E789 results (a~1) ? (Y~0)

1, IPN, 20 fevrier 2014



c-H Archiv 1311.1427

PHENIX pp dAu

2d production, decorrelated decay (only)

(no resonance dilepton decay, drell yan, ... no « correlated background »)

]dA < RdA ((I))

Denis Jouan, IPN, 20 fevrier 2014 32



LOWer energy

Open Charm - E866/NuSea
(Preliminary)
O J/V¥ - E866/NuSea

I:ID':]I

yC 171,

Mike Leitch BNL pA workshop
07/01/2013

- E789

Denis Jouan, IPN, 20 fevrier 2014

D meson:
Rather strong
dependence of
PA evolution
with rapidity
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10-200 GeV (d)p-A CNM HF

its from measurement on a wide rapidity domain,
strongly depending on « rapidity » (PT too)

t the different processes. Needed for AA.

asic knowledges of collisions.

‘appears when going from pp to pA (dAu):
iprime suppression and additional suppression

ilon backward eventual suppression (increasignly suggested
seen at FNAL) ?

ard and central rapidity: increase of the open HF
trong Open/hidden backward difference

r Eloss and/or breakup ? (PDF: second order effect (not
scaling with X2) ?

Time dilation and various qq probes improve sensitivity ?
Quarkonia: QGP thermometer in AA, CNM chronometer
in pA?

Let’s continue toward the motion picture of the collisions !
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