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Jet Quenching

parton = hadrons

Jet quencning nas been opserved as a
new nuclear pnenomenon ai RHIC
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Theoretical approaches

e M. Gyulassy, X.-N.Wang: GW model
e Baier, et al: BDMPS

e Gyulassy, Leval, Vitev: GLV

e Kovner, Wiedemann

e Zakharov

e [wisi Expansion approach
X. Guo, X.-N. Wang, Enke Wang, B.W.Zhang
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Jet quenching with pQCD

parton _— hadrons
e How to measure the parton energy loss?
e Direct measurement is impossible
e Particle distributions within a jet
e Modification to Fragmentation Function

e ODbtain the energy loss indirectly from
measuring the modification of FF




Modified FF of the Lignt Quark(l)
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Modified FF of light qguark (1)
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From Light to Heavy

Theory:

e Heavy quark energy loss can provide afurther test of a
uniform formalism of jet quenching.

e How does mass effect of heavy quark affect the pattern of

energy loss?

Experirment:
e Open charm suppression, which can be measured at

RHIC by comparing pt distributions of D-mesonsin D-Au
and Au-Au collisions, isa novel probe of QGP dynamics.



Heavy Quark Energy Loss

e There are several theoretical calculations to
obtain the heavy quark energy loss:

Dokshitzer and Kharzeev
Djordjevic and Gyulassy
Armesto, Salgado and Wiedemann

G.D. Moore and D. Teaney

e Twist Expansion approach

B.W. Zhang, E. Wang and X.N. Wang, PRL 93(2004)072301,

B.W. Zhang, E. Wang and X.N. Wang, NPA 757(2005)493



Fleavy Quark

e In parton model, for the heavy quark production we obtain :

2
M) = i; (k¥ (d+2 AVI) 5o b(o — o — am)




Mutiple Scattering in Nuclei

In order to calculate the heavy quark energy loss
iInduced by gluon radiation in pQCD, we should
separate the ‘hard’ part from the ‘soft’ part:

factorizing.
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Factorization of Twist-4
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Generalized Factorization
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Quark-Gluon Double Scattering
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Collinear Approximation

e Make a collinear approximation:
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e The tensor structure can be factorized:
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L PM Effect
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Other Processes

oDoan




Hard Partonic Part

Ve Hotw, e =0 = 1—2z [+ (1 — 2)° M2 HPor ry + Olzs/Q%4%),

ET? = ¢y (z, %, M?)(1 — B—i{mLHl—z)waz)p"'yz_)(l — B—i(mL+(1—z)waz)P+(y_—y1_))
+ Cz(z,f%w, Mz)[E—i(mL+(1—z)mez)p+y;(1 _ E—s(mL+(1—z)mez)p+{y‘—y1_))
+ E—i(mLHl—z)wMfz)P"'(y_—yl_)(1 — e—i{mL+(1—2)zar f2)pT Yy )]
+ cs(z, 22, M2)B—i{wLHl—z}mez)P"'{y'—yl')E—i(mLHl—z)mez)p"'y;

Eg = calz, 02, M2)(E—i{mLHl—z)waz)p"'{y'—yl') _ B—i(mLHl—z)waz)p"'(y'—y;))
+ o5z, 2, M2)(1 — e—*@et{l=2)aa/2p* (7 —v1))

Eé = ca(z, g%,’ ME)(B—i{mL+{1—z)mez}p+y; — B—i(mL+(1—Z)wM!’z}P+y;))

+ cs(z, £, M2)(1 — gm¥ort{I=2)zae/2)p ur),

[Dead-Cone: effect off heavy: quark prepagating

r
fQ;"a = g% +(1— 2)2 M2




Modified FF off Heavy Quark

e With the generalized factorization theorem we
obtain the semi- inclusive hadronic tensor:

dzh Z/dqu (:I?, .U'I)H(O)(m:p:% M)EQ—}h(zh:”Z)

The modified effective fragmentation function is
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Twist-4 Parton Correlation
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Two-parton Correlation Function

Twist-4 parton correlation
function is in principle
not calculable.

With some approximations we can estimate the twist-4
correlation functions approximated as
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Heavy Quark Energy Loss

Heavy gquark energy loss can be derived as:
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When M=0, we will recover the result of
the light quark energy loss.
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Two Limits




Nuclear Size Dependence
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Heavy Quark Light Quark

Energy loss of heavy quark is significantly suppressed
due to mass effect, in particular, the dead-cone effect.
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Modified heavy quark FF

e Charm quark fragmentation function in vacuum:

N

D.p(z) = z[1— 271 —¢e./(1 = 2)]




Quark-Quark Double Scattering

e Two kinds of double scattering in eA DIS
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Properties of g-g double scattering

e The contributions of quark-quark double scattering are
suppressed as compared to quark-gluon double
scattering: quark density VS. gluon density

e Quark-quark double scattering will mix the quark and
gluon fragmentation functions.

e Quark-quark double scattering
may give different modifications
to quark FF and anti-quark FF.
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Quark-quark double scattering

e Single Scattering: leading twist contribution
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guark-quark correlation function




Generalized Factorization

Consider a typical quark-quark
double scattering process In
semi-inclusive eA DIS:
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Hard partonic part

e Applying the collinear approximation:
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LPM effect
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Other processes
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Q-Q Scattering without radiation

e Lowest order contribution:
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Modified Fragmenation Function

e Summing single and double scattering gives
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e We define the modified quark FF as:
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Quark-quark correlation function
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Quark and anti-guark FE(l)

e \We get the modification to quark FF as:
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e Similarly the modification to anti-quark FF Is:
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Quark and anti-quark FE(II)

e The difference between modified quark FF

and modified anti-quark FF:
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Multiplicity ratios of hadrons

e Multiplicity ratio measured at HERMES.:

HERMES
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Theoretical explanation

e In the constituent quark model:
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Summary(l)

e Heavy quark energy loss induced by gluon radiation
IS derived in terms of Modified FF with pQCD.

e Two mass effects:
(1) Gluon formation time of the heavy quark is
reduced relative to that of a light quark:

Medium size dependence of heavy quark enegy
loss is found to change from a linear to a quadratic
form when the initial energy and momentum scale
are increasing.

(I1) Dead-cone effect:

Heavy quark energy loss is significantly
suppressed relative to a light quark.
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Summary(ll)

e Quark-quark double scattering is eA
DIS are studied.

e Modification to quark FF in nuclei is
different from the modification to anti-
quark FF in nuclei.

e This difference may explain the multiplicity
ratios of hadrons in nuclei observed at
HERMES.
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Heavy guark Frag. Func.
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