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J The heavy quark suppression puzzle

J Back to the drawing board!?
pQCD approach to parton energy loss

Energy loss at strong coupling: AdS/CFT
prospective

2 Universal upper bound on parton energy

J Experimental tests
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BUT: Heavy quarks are suppressed...
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Even b-quarks seem to be suppressed...
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Heavy quark suppression Is due to
color interactions:
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Colored heavy quarks are suppressed,
color-netitral auarkonia are not ( ? )
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“Well, back to the old drawing board”



pQLD approach to the energy loss:
the basic ingredients

Neak coupling

Multiple scattering with eikonal propagation

.andau-Pomeranchuk-Migdal interference
J

appropriate scale: as(Q* = qL) R

ld matter, saturation momentum Q2% = qL) %

e condition: Q% = 4L > Adcp ¢=p /



pQLD approach to the energy loss:
the basic assumptions

Multiple scattering with eikonal propagation
(static, uncorrelated scattering centers)
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pQLD approach to the energy loss:
the basic assumptions

'hat is the reasonable range of values for g-hat:

so far we have 10,0
Adcp <€ 4L < 2% E?

QGP
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heavy quarks: “power corrections”™

 quark masses My are generated at the electroweak scale,
e external parameters in QCD;

r quarks are “heavy” because their masses are large
typical QCD scale of Agep:

MH>> AQCD e as (MH

SRR

=22l vacuum fields are weak (0, G2
ete Annihilz_@n e - | a >
mecie | © . .J] on the heavy quark scale: 5 .
4 A s (M) . 4
= {;g;;g:g-_;fg | may be treated as perturbation M

\\ﬁ\ N | Classical mterpretation: What if the 1
- T | (Lorentz force)A2 ;| and the forc
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turbative methods Strong coupling me
<« when the coupling work when the cou

is small is large

Consider ¢ = 0.3

Reasonably” weak, “Reasonably” stron

as K 1 A=g¢? N, =4nas N, ~

> domain of physical interest (few GeV) is clain
) be simultaneously weakly and strongly couple
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strong coupling methods provide an insi,

Need a real-time, strong coupling method

At present, limited to N=4 SUSY Yang-Mills:
a theory very different from QCD'!

(conformal: no confinement, no asymptotic freedom;
in plasma, no bulk viscosity)

but anyway, what happens to heavy (and light) quarks
at high momentum?



CNnergy 10SS 1m AdS/Lril:
some references

Langevin dynamics of heavy quarks, finite T: ~ C.Herzog, A. Karch, P. Kovtun, C. Kozcaz,
L. Yaffe, hep-th/0605158;

S. Gubser, hep-th/0605182;
J. Casalderrey-Solana, D. Teaney, hep-ph/0¢

Radiative energy loss at finite T: S. Sin and I. Zahed, hep-th/0407215;
N. Chernicoff and A. Guijosa, arXiv:0803.3

Computing q—hat: H. Liu, K. Rajagopal, U. Wiedemann, hep-p
N. Chernicoff , J. Garcia, A. Guijosa, arXiv:
P. Argyres, M. Edalati, J, Vazquez-Poritz, he

MatChlng pQCD approach to CNergy loss: F. Dominquez, C. Marquet, A. Mueller, B. W

arxXi1v:0803:3234;
Y.Hatta, E. Iancu, A. Mueller, arXiv:0803:24.
A. Mueller, arXiv: 0805.3140

Talk by W. Horowitz
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Lienard formula (I898) from classical electrodynamic:

note: non-Abelian, strongly coupled theory;
linear dependence on the path length -
a consequence of integrability at large N;
once it has been established, the formula
xed by Lorentz invariance and dimensional analysis (La
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strings;
[\ color flux tubes;
longitudinal color fields;
U “glasma” fields;

sphalerons, ...

Some references:

DK, Yu.Kovchegov, E.Levin, hep-ph/0007 182; hep-ph/0106248;
E. Shuryak, hep-ph/0101269; Ins
DK, A. Krasnitz, R.Venugopalan, hep-ph/0109253; spt
R. Janik, E. Shuryak, |. Zahed, hep-ph/0206005;

DK, E.Levin, K. Tuchin, hep-ph/0602063;

T. Lappi and L. McLerran, hep-ph/0602 189;
A.lwazaki, arXiv:0712.1405;

H.Fuijii and K. Itakura, arXiv:0803.1410;

A.Dumitru, FGelis, L. McLerran, R.Venugopalan, arXiv:0804.3858,
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energy loss energy loss
constant grows ~ E2

\ V

color flux tube
Note: T=0 is approp

at early times pri
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ergy of the parton obeys  dE VA F2(x)

. . . — = E?
mple differential equation: dx 27 m?
us solve it; note that ab —d 1
E? E
1 B 1 ' \/X = g Fg(:;
therefore we get E; B, or J, "

As the initial energy of the parton Eo goes to infini
the final energy Ef stays constant!
| 2 m* 1
Ebound — 9
\/X F= L DK, arXiv:0806.




arton dispersion relation has a
singularity at I 2T M
crit —

VA

2

m is the constituent mass

retation: the force of that strength .
. . N.Chernicoff anc
n produce quark-antiquark pairs arXiv: 0803

Juce confinement as an external force; is it critical?

1=300MeV and a,=0.3 ==y 5 ~ (.85 Ge\

1 YA i ~ QR
of constituent quark ~“m — VA/2mm >~ 0.35 fm

ment as vacuum polarization by super-critical color ch:



Domain of applicability:
e rest frame of the charge, G < —
field strength should obey e

e frame where the (7 — Grest/?

harge is moving, | Ya.Pomerar

the Lorentz force is F =eG

fore we get a condition on the external force F' < -

tio of the “radiation drag” and the Lorentz forces

2 Wil however always grow large at large energie:

y 1



vviidal AOCS IU ITcarlif

light constituent partons [ . \
. o1
ven simpler formula: Evound = 522 F
(“critical” force) N y
umerically, [gYght,charm - GeV
bound — L(fm)
14
Ebottom GeV

18 b-quarks bound S L(fm)

Only surface emission!

(except for b-quarks in semi-peripbheral collisions)

Rough estimates; depend crucially on the strength of the produced field;

hoailinrlee are verv ceancitive +a it lichfter martance are nat



UDIT (UNIVErSadl boundad 1"10dci).

\bove p: ~ 5 GeV, constant Raa of magnitude given by t
surface-to-volume ratio: all hadrons, all y, all p¢
down to semi-peripheral collisions

(except for b-quarks in semi-peripheral collisions)

4 )

Npgrt/2
B> | Rag=cx el
Ncoll

\_ J

c ~ | is the only unknown constant
(determined bv the thiclknece aof the “corona’’)
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Heavy quarks and UBM.:
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" Run 4 200 GeV Au+Au 0-20% o

5 < . <15 GeV PH\,E_le dlrect
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arge uncertainties)

irst look @ Run?7 statistical improvements look
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MLLA: good description of vacuum fragmentation (basis of PYTHIA)
Introduce medium effects at parton splitting Borghini and Wiedemann, hep-ph/0506218

dnh p
ag &7 | Joern Pt
" OPAL.Vs=192-209 GeV [STAR

—_—Iu vacuum, E; =100 G[—V A |
12 -- in medium, Ejd=100 GeV ‘,I ‘ o . : \Talk at ]
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“hump-bacl
plateau”

6 E=In(E 1t/ Pradron)

Juenching = fragmentation should be strongly modified at phadron~1-5 Ge

Carm wwin Mmananciira Yhie af DHEIC @ D500 al\l D



Au+Au HT E>7.5 GeV; p+p HT E>5.4 GeV To select corre

4 p+p jet-populal
T R.=0.4 pseed > 4.6 GeV  STAR preliminary 0-20% Au+Au |
sl ¢ Tt ] stat. errors only Pythia simulati
- A pf“t > 1.0 GeV Pt jet'®c-(Au+Au);
3 s P> 2.0 GeV for peut>2 GeV
n t '
5 Pt jetc-(Au+Au).
C Priet®(pp)>30 GeV for peut>1 GeV
21
5 +
- — —A— |, A a dominate
1 s '+' ':#'_:i:'_i"_#:TiT: iy S £££I$z """ uncertair
— B —A—4— due to bx
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 apparent modification in the fragmentation function with respect to p+f



[AR preliminary; stat. errors only
I not trigger bias corrected!

+AUHT 0-10% | (fbbo |

+Au MB 0-10%
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ts: p+p mid-cone corrected to particle level (scaled by Nbin)

LOCone
Rc=0.4, piSeed>4 6 GeV
picit>2 GeV
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« With picut > 2 GeV:
jet yields suppresse

* picUtbiases jet select

(More details/systematics see talk |

measurements
Caveat: Additional bias due to |

triggered events.

Study trigger bias with minbias
events (on tape)

points: Au+Au minbias corrected for picutand eff. using Pythia
yoints: Au+Au HT trigger not corrected for picutand eff. using Pythia




scenarios:

-energy bias due to energy loss and picut:
-based correction underestimates jet energy carried by low p: particles
+Au jet energy is underestimated

Large Au+Au quenching:

observed distributions true distributions
) Aut+Au dN/d & ¢ Aut+Au
ptp ptp

""""""
-
e

"""" . Au+Au energy
% underestimated d

E=n(pépy) ESpeetipy

ack-and-white”:
fraction of jets quenched so much that they are lost; surviving jets are unmodifi

ave all the tools and data needed to address and distinguish betwe
thece two ecenarioe. but MC aduenchinada model needed !



even ~ 50 GeV jets are quenched; talks by J. Putschke, S.
evidently their fragmentation is not M. Heinz at Hard Probe
modified by the medium (?)

A speculation:

only jets from the surface escape,
no jets from the bulk (the bound)

Lienard formula predicts not only the magnitude of
energy loss, but the entire momentum and angular
distribution of the induced “radiation”:

quantitative comparison 1s possible



Summary

If the AdS/CFT correspondence provides a
qualitatively correct guidance to what happens at strong
coupling and strong fields, there should exist a universc
ipper bound on the energy of partons escaping from

he interaction region

The existence of the bound, and the corresponding
angular and energy dependencies of the medium-
nduced radiation can (and should be) tested 1n
>Xperiment



