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Heavy-flavour production: pp
proton-proton collisions: factorized pQCD approach
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* Q2 evolution calculated in pQCD * non-perturbative
« initial condition from data (HERA) * phenomenolgy

v + fit to the data (e*e")

calculable as perturbative series of strong coupling o ()




pp eQC?: PQCD calculations vs data

¢ Calculation of partonic cross section o
% standard: Fixed Order (NLO) Massive (e.g. MNR code)
lo _
;— = A(m)o? 4 B(m) o + O(o}) B(m) = B(m)+y(m)log(p/m)
Pr
% state-of-the-art: Fixed Order Next-to-Leading Log (FONLL) H= Pr

oo

d by | | o / i [
f_'j = A(m) o + B(m)o + G(m. py) {aﬁz }; a; [, log(pu/m)]' + o z b;[o log(p/m)]’
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— more accurate at high p-
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Heavy-flavour production: AA
Binary scaling for hard yields: dN,/dpy =dN_ /dp;’ x N,

O

m forme
e collision U:. D

Binary scaling is “broken” by:  _

e initial-state effects: > 10° recombination: pH = £ p9 |
PDF (anti)shadowing € 40 — baryon/mesan
- ‘ - &4 enhancement
kK broadening (‘Cronin’) g1o A
. final-state effects 3 "’:
energy l0Ss? [next slide] ;‘._.5“’7 -
10

In-medium hadronization . fragmentation: pH = z pd

. . 10 ‘ J
(recombination?) 2 8 4 5 5,7 8§ WGo
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Calculating Parton Energy LosSsS
) BDMPS-Z formalism

o k)
P

BDMPS {R=e0)

R=40000

transport coefficient

q:

Radiated-gluon energy distrib.:
(BDMPS case)

dl w.lw foro< w,
(. ] ®)? forw=m,
Cx Casimir coupling factor: 4/3 for q, 3 for g

. = GL°/2  sets the scale of the radiated energy

R=w.L related to constraint k; < w,
controls shape at w << w,

Baier, Dokshitzer, Mueller, Peigne’, Schiff, NPB 483 (1997) 291.
Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.
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Model vs RHIC “light” data

¢ Model: pQCD + E loss probability + detailed collision geometry

+ Density (§) “tuned” to match R,, in central Au-Au at 200 GeV

§1.6

o 45 n° 0-5% Central
""E° PHENIX preliminary

1.2 (Quark Matter 05)

ob. .1 0 b
0 2 4 6 8 10 12

14 1 'G'I; '(1(;8;\”;2)0
=) Matches p-indepence of suppression at high p+
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Lower E loss for heavy quarks ?

¢ In vacuum, gluon radiation suppressed at 6 < my/E,

% “dead Cone” effect Gluonsstrahlung pa-obablllty
o o geees T T
¢+ Dead cone implies lower energy 0SS (pokshitzer-kharzeev, 2001):

4 energy distribution wd/dw of radiated gluons suppressed by angle-
dependent factor

- T T T T T T T T T I T T T 11T
. . 5 m/E =
+ suppress high- tail = 4 B
PP J ot —0.001---0.1 ]
3F —0.01 -~0.3 7
Detailed massive calculation j> of —0.05 --0.5
confirms this qualitative feature ; B .
(Armesto, Salgado, Wiedemann, PRD 69 (2004) 114003) 1:— R - 10 —
ok )
Dokshitzer, Khoze, Troyan, JPG 17 (1991) 1602. B R R
Dokshitzer and Kharzeev, PLB 519 (2001) 199. 10 10" 10~ 10 1 10 10
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Charm R,, at RHIC

G=4+14GeV*/fm (extracted from light-hadron data)
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MUB_ _'E L ..'t..
: 1= 1F = B
0.6 1< | '
: 19
ﬂ"-l— 1_%},5- i
0 2-_therma|ized j ﬂ s
"~t component 1@
[ :E ..J.I ..I...I.....I...I.-
g boe o o oo oo w 1o w0 w3 s 1 g
%2774 e T8 10 §°0 2 4 6 8 10
electron p, [GeV] & electron p_ [GeV

Small effect of mass for charm (~50% for D, ~30% for e) at
low p- [large uncertainties!]
Basically no effect in “safe” p,-region

Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027.




o (mb/GeV?)

dy |y

2
T

1/ do/dp

c + b (?) decay e*

FONLL:

Electron spectrum may be
~50% charm + ~50% beauty
for 3 < p; <8 GeV

1072
solid: total
1074 dashed: D - ¢
dotted: B - ¢
1076 dot—dashed: B > D - e
1078
10—10
10-12 - FONLL pQCD
Cacciari, Nason, Vogt, hep- ph/0502203.
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15.0

R, at RHIC

Due to larger mass of b quark

electron R,, incresed to ~0.4
(mass uncertainty also studied)

FONLL at 200 AGeV, u=m;, CTEQ6M

1.2
i q=14 GeV?%fm, 010 %, variable length
e 11 . fman .C—oe
Rauauf % T
0.8— ".'. """" :b—oc—e
i = — : total
0.6
0.4
0'2:_ thick: mc—1 3 GeV m,=5.0 GeV
o th|n mF—17GeVmb45GeV L
0 2 4 6 8 10 12 14 16 e 18(Gev)

Armesto, Cacciari, Dainese, Salgado, Wledemann,
in preparation,
Armesto @ Quark Matter 05




Heavy-flavour data in Au-Au 200 GeV

l_.H AA

g=14 GeV%fm, 010 %, Reminder: FONLL@Tevatron:
D production underpredicted

~ ePHENIX (nucl-ex/0510047) B. instead. is OK

ODSTAR (preliminary, QM)

0.8 e

mass and scale
uncer[[ai_nty

0.6

o(pp(I/4)>1.25 GeV) BR: R
19.93% nb (CDF) R

datdp,, |y|<1 [nb/GeVic]
do/dpeld/¥) BR(J/Y+pp) (nb/GeV)

0.4 | +83 S |
| 10-2 18.3'%3 nb (FONLL) RN
i I3 T
[ | b Solid histogram: MC@NLO, 17.2 b, i
- | L [ Dashed his];tograln: MC]@NLO, 16.4 r|1b e
3 -3 L. PR PP PRI
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- 1 1 Pe(1/9) (GeV)

pr [GeVic]
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P, (GeV)

R,, down to 0.3 for p; > 4 GeV/c! Heavy-quark quenching.
Similar to that of light! Small room for mass effect ...

Data lower than energy loss calculations, but charm
fraction may be higher than predicted by FONLL

Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027 + w/Cacciari, in preparation

wio AVAY, U [ V C S Ch A - U UV - Ul'ca Da



Layout

+ High-p; (heavy-flavour) particle production in hadronic
collisions —from pp to AA- in factorized QCD

# pp baseline: pQCD calculations
# nuclear effects, in initial and final state

¢ \What have we learnt at Tevatron and RHIC?

+ What will be new at the LHC?
+ What do we expect?
| > What should we measure?
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Novelties at LHC (1): Hard Probes

+ LHC: large hard cross sections!
+ Our set of “tools” (probes) becomes richer

guantitatively:

10°

10°

5 A

ds/dyd’p. [mb GeV ]
&

LHC

{h+h 2, £ = 5500 GeV
=== p° &%= 5500 G

(h'+h )2, 8% = 200 GaV
——— p.s" =200 G

—_— (h#h Y2, 27 = 1T GeV
--= p,5 =17 GeV

LO pQCD by I. Vitev,
hep-ph/0212109

-ﬁk,z:ﬂ- = 1.8 GeV

gualitatively:
* heavy quarks

@c cC
Ohc & 10XO—RHIC

bb bb
Oinc = 100X 0qyc

* v + et correlations
» Z0 + jet correlations




Heavy-quark production at the LHC

+ pp: Important test of pQCD in a new energy domain
+ Remember the “15-years saga of b production at Tevatron™

+ Baseline predictions: NLO (MNR code) In pp + binary scaling
(shadowing included for PDFs in the Pb)

+ ALICE baseline for charm / beauty:

system : | Pb-Pb (0-5% centr.) | p-Pb (min. bias) pp
sy 5.5 TeV 8.8 TeV 14 TeV
cX[mb]| 4.3/0.2 7.210.3 11.2/0.5
N 115/ 4.6 0.8/0.03 | 0.16/0.007
Conmning | 0.65/0.80 0.84/0.90 -

Theoretical uncertainty of a factor 2—3 (next slide)

* M.Mangano
MNR code: Mangano, Nason, Ridolfi, NPB373 (1992) 295.




Theoretical Uncertainties

(HERA-LHC Workshop)
Evaluation of theoretical uncertainties
charm beauty
o 3 L BLELELELES BLELELELE NLELELELES BLELELELEN BLELELELE BLN o T e L B B IR B
5 : = - [ ]total uncertainty :
- s {__imass E
] . i iscales ]
- 2 [ ]PDFs 3
. :‘ _ ., fragmentation :
""""""""""" h'\_: 15:_\”"%».,_: _:
] u:uuuuluuuuluuuul ||I||||I||||I|:
0 5 10 15 20 25 30
charm hadron p_ [GeV] beauty hadron p, [GeV]
1.3<m,<1.8GeV 0.5< ugg/mp <2 0.002 <¢.<0.11
4.5<m, <5.0GeV O05< - lTus<? 0.0002 < g, < 0.004
PDFs : CTEQ4, CTEQS5, CTEQ6, MRST2001

MNR code: Mangano, Nason, Ridolfi, NPB373 (1992) 295.




Model Comparisons
(HERA-LHC Workshop)

Compare predictions by several different models

charm beauty
5 3
S 1 FQ RL2 INA) S —— FO NLO (MNR)
EP - ---- k¢ fact. (CASCADE) E.. - - - - k, fact. (CASCADE)
] g
5 107 3

-t
c|
(]

10

10°®

-8 -6
10 0 5 10 15 20 25 30 35 40 45 50 10 0 5 10 15 20 25 30 35 40 45 50
charm quark P [GeV] beauty quark p; [GeV]

——> Good agreement between collinear factorization based
calculations: FO NLO and FONLL
——> k; factorization (CASCADE) higher at large p-




Energy extrapolation via pQCD?

+ Different systems (pp, p-Pb, Pb-Pb) will have different Vs values

+ Results in pp at 14 TeV will have to extrapolated to 5.5 TeV (Pb-Pb
energy) to compute, e.g., nuclear modification factors R,,

pPQCD: “there ratio of results at 14 TeV/5.5 TeV has ‘small’ uncertainty”

*

Ratlo 14 TeV /5.5 TeV
— ha (7] L n
ARRNRRRRRRRRNRRRY

)

>

Q

3
o el
Ratlo 14 TeV /5.5 TeV
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...................................................

014 I 914
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312 +12% g2 +8%
g - —— 3 g™
0 1]
209 - £09E —
0.8 0.8
0.7 0.7
0.6 0.6
D..E ........................ us ....................

PR —
0 5 10 15 20 25 30 0 5 10 15 20 25 30




Novelties at LHC (2): Small X

ﬁ' T T T T | T T T T |

+ Probe unexplored small-x region with 0.0
HQs at low p; and/or forward y
# down to x~10- with charm already at y=0 o002

increasing 5

+ Window on the rich phenomenology of ~owi oo oom
high-density PDFs: e e
. . . :_ mc=1.SGeV,Q =rn%_5
gluon saturation / recombination effects oquas -
- 3_5; —D mesons _
2 _E lo°(DGLAP+non-linear)
s o(DGLAP) 1

+ Possible effect: enhancement of charm = 2s-
production at low p; w.r.t. to standard
DGLAP-based predictions, even in pp! G

Eskola, Kolhinen, Vogt, PLB582 (2004) 157 pr [GeV]
Gotsmann, Levin, Maor, Naftali, hep-ph/0504040




Probing nuclear initial state PDFs with HQs

. . )
¢ Shadowing in pA (AA) X T
¢ CGC in pA (AA)
+ Double parton scattering in pA ;
om ‘5_1'4.7 -
Ll Y| ;‘?12: R}:[))Pb pr/(Nconpr)
08 %
07
06 ~
05T 0 .45
0.4 ) ) D.EE
Pb, Q° = 5GeV° | |
0.3 oL L]
10° 10* 10° 10° 0 2 4 6 8 10 12 14

Eskola, Kolhinen, Salgado, EPJC 9 (1999) 61 X Sl L
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Probing nuclear initial state PDFs with HQs

+ Shadowing in pA (AA) :
¢ CGCin pA (AA)
+ Double parton scattering in pA

C

Saturation scale Q.22(x) ~ Xg(X)A/R,2 ~ xg(x)A?

Low Energy

Gluon

At LHC for x~10+4, Q,~1.5-2 GeV > m,
For m; .~Q,, charm prod. CGC-dominated:
- scales with VN, in pA (not N,
“* harder p; spectra, since typical k;~Q;~1.5 GeV, while
in standard factorization ky~Aqcp~0.2 GeV

Density
Grows

aVV 10 PNV



Probing nuclear initial state PDFs with HQs

0
¢ Shadowing in pA (AA) "
+ CGCin pA (AA)
¢ Double parton scattering in pA

C

0
II;" c I.”lll fc fe |'ﬂ'| .'f c 4c Ilﬂl
|"|I |I8| / | '8' If' ’II |8| 13 ”
Ilnlll "III |\j Iﬂ' ( II’ . ‘Iﬂ |'ﬁ'| I."I .JI 2 'ﬁ'l p ro be m any- b Ody P D FS
ol 3ol 9 / ,.-; ool ol [/ ] I8 'c-'l
< 18 ﬂ s H
o | nls O ol /[ /Mg | and lous:
ol | N - 18 | cef o normal and anomalous.
= . |§||,O|| ° o1l o o|°) _
e 9|V vl g} v / oV different A dep.
/- & I B o gl
||U|| I'U' I'.U.'l
single normal double

anomalous double

predicted rate: cccc/cc ~ 10% (Treleani et al.)

signature: events with “tagged” DD (can use D%e* or e*e*) and ch. conj.

NB: there is a “background” from normal bb events, but is can be estimated
from measured single inclusive b cross section

Cattaruzza, Del Fabbro, Treleani, PRD 70 (2004) 034022




Heavy Quark Energy Loss at LHC

*

~100 cc pairs and ~5 bb pairs per central Pb-Pb collision

+ Experiments will measure with good precision R,, for D
and B, and for their decay leptons

What can we learn from
a comparative guenching study of
massive and massless probes at the LHC?




Heavy Flavour R,, at LHC

+ Baseline: PYTHIA, with EKS98 shadowing, tuned to
reproduce c and b p- distributions from NLO pQCD (MNR)

. (m/E) dep E loss with G e =7 quH,C = 25+100 GeV °/fm

E’l.? B I I T I T
e

S 1

5 f = 25--100 GeVim
ED.B — No E loss

— E loss, m, = ]
m— E l0sS, M =12 GeV

i
;]

=
I

o
o

Al
o

B meson K

i e
Y (53] 5] —
I I B I N B I B

i
P

{j = 25--100 GeV*/fm

Mo E loss
— E loss, mh =0

— E 055, m, = 4.8 GeV

[ b b v b by L
O 5 10 15 20 25 QTTUFE 7015200 25
D meson P, [GeV] B mesaon P, [GeV]
Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027. * EKRT Saturation model:

MNR: Mangano, Nason, Ridolfi, NPB 373 (1992) 295.

Eskola, Kajantie, Ruuskanen, Tuominen,
NPB 570 (2000) 379.




Compare g -h, ¢ —>D angl beB

=3

'I2.5§

of ™,

Color-charge and mass dep. of E loss
with Heavy-to-Light ratios at LHC

Heavy-to-light ratios: RD(B),h( pt) = RD(B)(pt)/RRA( pt)

150
1f
0.5

DZ

P, [GeV]

L .F.{.
(04)

O N WEOO

5 10 15 20 25

------ q = 25 GeV4/im
—— g = 100 GeV?*/fm

D :
| | | l

5 10 15 20 25
p; [GeV]

> For 10 < p; < 20 GeV, charm behaves like a m=0 quark,
light-flv hadrons come mainly from gluons

mmm) R enhancement probes color-charge dep. of E loss
Ry _enhancement probes mass dep. of E loss

Armesto, Dainese, Salgado, Wiedemann, PRD71 (2005) 054027




Azimuthal asymmetry (v,)

¢+ The azimuthal asymmetry --v, or R,,(0)-- of D and B
mesons in non-central collisions tests:

# at low/moderate p;: recombination scenario, v, of c/b quarks, hence
degree of thermalization of medium

# at higher p;: path-length dependence of E loss (almond-shaped
medium => v, ~ 0.05--0.10)

V, = <.COS.(2¢).>

:"? 30 I [ . I
e B B STAR prel ]
?EIIZIU-SO?LI N 25 O PHENIX prel. +
st Ao=n/2] Z 2| .
af ANl e f =2 15| . | + _
ek e ; o
= 10 |- o —
of = e "
-7 L ST 4%1:} + N
X O k- e L ]
“F 3 z heavy-flavour e* p
b TRERREET cr go down as well? N
_?ﬁ”I—E“I—illll—ZHIDI”2|”4”'E'”ﬁ -10 ' ' ' ' ' ' ' , '
2. [fn] 0 05 1 15 2 25 3 35 4 45 5

Transverse momentum p; (GeV/c)




Conclusions

¢ The (open) heavy-flavour era of heavy-ion physics has
begun

¢ Observation of heavy-quarks quenching at RHIC |

¢ The LHC will be a “hard probes and heavy quarks
machine’ and quenching studies will play a central role

Promising observables at the LHC:

¢ R,, of D and B mesons

¢ Heavy-to-light ratios as probes of E loss...
# ... color-charge dependence (Ry )
# ... parton-mass dependence (Rg/},)

¢ Azimuthal anysotropy for D, B mesons (or their decay
leptons): interplay between reco/flow and E loss

+ study of dense QCD initial-state phenomenology




EXTRA SLIDES

Heavy lon Physics at the LHC, Santa Fe, 23.10.2005 Andrea Dainese



B.Muller’'s QM Theory Summary

1.0 . scatterings Range of color force
; sQGP :
. v \4 2
QGP | CA]:,o0<kT2>:—‘Lj1
l.U; y
g | =5-15 GeV */fm
5 Baier’s plot | e it i
5 aler's piot 4 Emergence of away-side jet will
o.1f I make determination of g" easier.
%) A
. Pion gas Au+Au, 20-40% : Au+Au, 0-5%
02 0ok STAR Preliminary
Cold nuclear matter ' i s
0 21 s R T P R I e i [ -
0.1 1 10 100 0.1
€ (GeV/f) :
0.08
D:
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Medium Expansion

+ The density of scattering centers is time-dependent:

(04
A ~ [T,
7) =0, X| —
A7) = G (Tj o =15, 1.0, 0.5, 0
+ Dynamical scaling law: L 01 A4
. 0.08 £ A
same spectrum obtained %8-33 - =40
for equivalent static 1
trasport coefficient 02 F
—~ 2 (rotl R 0.1 ¢ y
a=-"5[" dre-7)4(r) 2 T
L 70 C L A
04 F S OAAM
0.2 —
1_8 = ; ‘l‘!’, "‘-.h.“n‘.‘
+ Calculations for a static NETH ATV A g
medium apply to SotototoToton 07 165 107 20
expanding systems w/(@L/2)  w/w=w/FL/2)

Salgado and WiedemannI PRL 89 ‘2002] 092303

wio AVAY, U [ \Y; C Ch A U UV - Ul'ca Da CoC ]



Application: Parton Quenching Model

¢+ QW + Glauber-based medium geometry and density profile
+ PYTHIA for parton generation and fragmentation

+ The procedure in short:
1) generate parton (q or g) with PYTHIA (or back-to-back pair)
2) calculate its L and average {0 along the path [(j(§) oc TATB (§)]

3) use quenching weights to get energy loss
4) quench parton and then hadronize it (independent fragm.)

Pr

PYTHIA ~ 1dN/dp+

= Cx, P;

y [fm]
|||||m

g P(AEC,,G,L)

N\

uoneluswbelH

eavvVv 1o PNV



Calculating Parton Energy LosSsS
di

a)c A\
(AE) = jo da)a)@oc a,C,w <a, C,qL
~ luons volume-density and
interaction cross section

‘ Probe the medium

Finite parton energy (qualitatively)
« If E<w,(e.g. small p;r parton with large L)

<AE>szEda)a)d—oc0( Cq JEw, o< ar, CaVELJG L

> dependence on parton energy

> a% 611/2 : smaller sensitivity to density

>4 > L




Model vs RHIC data

Centrality dependence of Ry,

+ Centrality evolution according to Glauber-model collision

eometr Ar= .

J y q(S;b) = kxT,T,(5;b)
11;: “ | 01100%'§:| - 1020/: o 2030/: '4:",\";-',‘_'ﬁ_"" L
1 TAR05) 1 1 a2b e X STAR BLH
i '} ---'m PHENIX ', h -
- ----0 PHENIX " |

an-50% 50-B% 3 o ETe R
ik (5TAR 40—50%);" _________

F IR COE B ) VRS

-
-
-

-
_____
-------

HElH
1
L

pr > 4.5 GeV
F (STARO—SO%)E- [STAR 60—80%)—;;— U Lov oo oo oo bv v baoav o b b v 1]
B R S R R N S T R 50 100 150 200 260 300 360
R [GeV]

{ETY

Dainese, Loizides, Paic, EPJC 38 (2005) 461.




1/Ny g ger AN/d(A0)

0.2

Model vs RHIC data

Disappearence of the away-side jet

[
— p+p mMin. bias

* Au+Au Central

-....'**** *'

.

near S|de " awayside
DI 1 - I2 3 4 |

A ¢ (radians)

l,. (away side)

= o o
£ fa )] fae] —
|II

DIIlIIIlIIIlIIIlIIIlIII

o
Mo

o

(| | | | | IIII|IIII IIII|IIII
50 100 150 200 2b0 300 350

R
=
=

STAR Coll., PRL 90 (2003) 082302.
STAR Coll., nucl-ex/0501016.




Extrapolation in c.m.s. energy
Intermediate RHIC energy Vs = 62 GeV

« Extrapolation in Vs: assuming Qe N . /volume o (\/s)0-6

(EKRT saturation model)
e Firsttest  Qooes = Ohooey / 2= 7 GEV ?/fm

gluons

p:
- 1_2:— —:

1: o PHENIX prel. o (0-10%) _
oy ' i T — 40-50% - ’
0.6/ —_— _

- i 7 F]E% ’
0.4l ] %Jf ----------- 0-10% 4
Rl L

\Syy = 62.4 GeV
0_ [ R N N TR N N | [ | |

14
p, [GeV]
mmm) cnergy extrapolation works reasonably well

EKRT: Eskola, Kajantie, Ruuskanen, Tuominen, NPB 570 (2000) 379.
PHENIX Coll., JPG 31 (2005) S473.
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0.6
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Dainese,

Model prediction for LHC

Extrapolation to LHC according to saturation model gives:
Gssrev < 7XOpey ~100GeV/fm

TT T [T T T T [T T T T [ T T T T[T T T T [T T T T [TTTT] L L L L - L L N L L I Y

T B B I

0-10% 20-30 % 3
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Why R,, Is flat ¢» Surface effect
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+ Long path lengths exploited only by high energy partons
> effectively, (AE)e E”, with0.5<ar<1

» R,, doesn’t increase at high p+
> Exercise: L= <L> = R, Increases with p+




Open points (1): limited sensitivity of R,,

+ Strong suppression requires very large density
+ Surface emission scenario
+ R,, determined by geometry rather than by density itself

1.0 T T T — T T T T . . e pa
09 - 1> Limited sensitivity to (]
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o e P

O L Lo =5.0fm
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Eskola, Honkanen, Salgado, Wiedemann, NPA 747 (2005) 511.

vvion Phy at the LHC, Santa Fe 0.200



Open points (2): the opacity problem

+ Can we really probe the medium?

+ Need to relate extracted fl to an energy density £
+ QCD estimate for ideal QGP: §(7) = 2x&¥*(r)  (Baier)

+ A recent analysis* of RHIC data, similar to that presented,
extracts energy density x5 larger than that estimated from
produced transverse energy dE;/dy (Bjorken estimate)

+ Opacity problem: the interaction of the hard parton with
the medium is much stronger than expected

Baier, NPA 715 (2003) 2009.
* Eskola, Honkanen, Salgado, Wiedemann, NPA 747 (2005) 511.




Charm Energy Loss at RHIC

+ Compute R,, for c, D, e (from D) “ wg— Dmesors
+ Baseline: PYTHIA, with EKS98 £ 10%
shadowing, tuned to match p;-shape 2"
of D cross section measured in d-Au gw"‘;
by STAR A _
< 101;—-\ S - -
¢ c-quark E loss as for light-flv hadrons, s jgjggggs
but using (m/E_)-dependent QW g1osé T dlections
> 10°F
. q extracted from 7% h* Ry, (central)  Zio;
: Z10°L
¢ Thermalize charms that lose all energy= ...
dN/dmy e« my exp(-my/T), T=300Mev &' :
¢ Usearangein ( tovisualize limited o~ A3
sensitivity of R, to ( itself o8 —cquare
o4 D mesons ]
e e electrons
Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027. OE_ basellne R E
EKS: Eskola, Kolhinen, Salgado, EPJC 9 (1999) 61. (R R 10 12 ;4[(;SV]-




What enters the game:
1) (c) quark vs gluon (Casimir factor) — Ry, >1

2) harder charm p- distribution: — Ry, Uup
3) harder charm fragm. — Ry, down
4) mass effects — Ry, up
uca 2'4;_Au-Au 0-10%, {5y = 200 GeV, § = 14 GeV/fm _
2.2 a/g - i L
D q/g + ¢ p; slope ]

................. q/g + ¢ p; slope + c fragm. B 1) dominates > 12-13 GeV

m— (/g + C p; Slope + ¢ fragm. + ¢ mass

185
165 31 2)and 3) ~ compensate
1aF 7 4) dominates below 12 GeV
120 S E

o TTrmeese——meeeaes: 1 Warning: significant non-pert.
ogt Prooypeerantes ] effects (e.g. reco) below 6-7 GeV

4 6 8 10 12 14 16




RAa(p;) Of D mesons in ALICE

‘High’ p; (10-20 GeV/c)
here energy loss can be studied

Low P, (< 8-10 GeVic)
Nuclear shadowing,

m. = 1.2 GeV

Py O

0.2

g = 25--100 GeV*/fm
=t

recombination? \ (it’s the only expected effect)
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E loss calc: Armesto, Dainese, Salgado Wiedemann,
PRD71 (2005) 054027
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R.A(p™™ of B mesons in ALICE

Low p, (< 8-10 GeV/c) .
Nucleérshadowing, High’ p, (10-30 GeVic)

recombination? here energy loss can be studied
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E loss calc: Armesto, Dainese, Salgado Wiedemann,
PRD71 (2005) 054027
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