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Quark scattering or hadron absorption? ';}k

Quark propagation and scattering,  Hadronization inside nuclei

Hadronization outside the nuclei Hadron absorption
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Quark Fragmentation Function ,\\]ﬂ
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e+e- annthilation

W, (a) = X (0]3, (0)| X }{X |3, (0)|0) (27)*5*(a~ px)
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do
Factorization A7 = Oy [Dq—>h (z)+ Dy (Z)]

D, 1 (2,) = Zzh [ dzyﬂ_e-‘p* e ZS:T{%M% O[PS ){ Py 8|7, (y)\0>}



A
I

Color Neutralization ,\\]

+ ig | dz n-A(z)
Longitudinal gluon ~ Pesn(20) 1 27" (0l ) puS)e * (P S|z, (0)0)

1 i w _
Transverse soft gluon A”&ET{?@\%(W (V)| s S ){ P [ (YD (Y )M

1 <[ - o
Quark exchange Aaocgg[p (Ol (07 7 (92)] Py, 8 ) Pu Sy (v)r "7,y )\o>]
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Hard vs soft radiation
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perturbative non-perturbative

: : : de C
Dynamic “string tension”: Ky =—~—a.Qf
MTdx 2x 0T
Static string tension: ¢ 0
L E 2
Hadronization time: Thadr = K >2 =ET <k;>~1/r,
T /h
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1+ z°

(1-2).

3
Splitting function P, (2)=C { +§5(1—Z)}
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DGLAP Evolution Il
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DIS off Nuclei cereerd]

~ ¢ A
l\q [, ) g,

xp | y P
Bl >
HY :Zjde (X)Hluv(xi piq)Dq—>h(Zh)

g

fo %) = [ & (Bl w(y)lp)
H,. (X p,q)=¢, %Tr[y- py,7 - (a+xp)y, R75|(q +xp)?]

Frag. Func. D, (z,) =%“ | %e‘p”““ ;Tr {%@\% (0) ph,8>< ph,S‘Wq(y‘)‘Oﬂ
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Multiple Parton Scattering ,\%

a—f(l— e K PV )(1_ ol p*(y{—y—))
/
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1 29 z(1-2)

N > Formation time
XL p ET

Ty =
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Multiple Parton Scattering l

Generalized
factorization:

(LQS’94)

W2 o [dkee O OTHP (p,q ke ) (Al AT(1) A" (V)w | A)

Collinear expansion:

H, (p.a.k)=H, (p,q,k; =0)+0, H, (p,dk =0)k,
+07 H.(p, 0Ky = O)K7 +--
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Collinear approximation ,\%

Wﬂl:l)/ oc deKTeik-(Y1—Y2)HEV(p’q’kT)<A|W7+A+(y1)A+(y2)W| A>

Hﬁv(p,q,kT)szv(p,q,kT :O)+akTH,tIlDV(p1q’kT = 0)k;
+0; HD (p,d,k; =0)k? +---

First term <A\z/77/+tig_[dzA+—gzjdzjdz’A+A+L/\A>
Elkonal 9 ~ <A‘§7(O)7/+ exp [lgdeA+1V(Z)‘A
Double scattering

W, o0 Ho (P, Ky =0)(Algry F7F oy A
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Modified Fragmentation l

Guo & XNW’00

Ay(zZ,X. )= +---(virtual)

Two-parton correlation:
d_———ix+‘ — ++—+o-— —
TA(x %) = [ -dydyze ™ (AlF0) 2 F: () F (v )w(y)| A
27 2

VR X(l_eiprWz )(l_eierf(yly) ) 0y;)0y —7)



Twist Expansion ':;Eli

BERKELEY LAB

d d —|x S
b ATy )] A) - % AL (o)

des 27 o

dGD dy dM dyz —|pr Y X P (Y —Y5) — 7/+ U \NCHO (/- —
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DA(2,0%)/Dy(z,Q%)

Energy Dependence ,\\]uﬁ
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Parton Energy Loss ,\%
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Quark energy loss = energy carried by radiated gluon

:QZ ) 1 _QZ - 1+(1-2)* C,a! Tq’g(x,xL)
<Azg>_ !dfT_([dsz(z,fT)z—g dfT_([dz Iz (ﬁ +<kT2>) N, qu(x)

Weak E and Q2 dependence

AE =Ca &mN > A°3lIn =
N 2Xq

C

. qu(x’ XL) 2 y
In a generalized case FA(%) ~ fdw 0,0, (Y)|1-Ccos—
q

Ty

AE =72C.C,a; de,O(T)(T TO)IH(;E]
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Quark-anti-quark annihilation F\%

ZM Cr -izf-f-zf( X)

AD, (z,)= | Dylz)—D, ylz,) |

o8 Nf()

T (x)0 (A7, 0w, 00, (307w, ()| 4) ~ () 1 (x;)

AD_(z,)>AD (z,) Flavor dependence

See B. Zhang’s talk
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Energy Loss of A Heavy Quark

1

y

Tf — 2 _
/7. +(1-2z)M*°/2zq

dN 1

de’ 02 +(1-2)°M°

Q2

See B. Zhang’s talk
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Dead cone effect
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Di-hadron fragmentation function ,\%

hy £h2

jet

Majumder & XNW’04

Dy ynanz (21 2;) oc;T{%@\wq (0) pmphz,8><pmph2,8\z/7q<y)\oﬂ
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DGLAP for Dihadron Fragmentation il
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Dy, (2,,2,,Q°) _ ¢ dy h % 2
St~ | Pea DL 50 +(@ > hhy)

2+,

1-z7,

dy ]
+I y(1— )qaqg(y)D ( Q )th(l— Q )+(q<> Q)




Ny
| \
rrreee

Medium Modified Dihadron ; 0
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HERMES Preliminary Results
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LPM & k; Correlation f '
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dN, _a . 1+(1-2)° 1

Radiation in vacuum dzdkT2 “ oo F . kTg
Multiple Scattering in QCD L k=l
Formation 7, = 2EZ(12_ Z) , 7 g
time K ol ‘
16 [ ' ]
14 | Orax 2 :
( R 2\ 'c_3|_ 12 F Ra)g ]
dN, 1 17 8 1| E
~oc—1-¢ Z 08 [ 1
dzdk;  k; o6 | 1
\ ) 04 | :
0.2 - T ]
0 & | | | | [1=3=-r-r-3




A
i

Azimuthal angular distribution ,{

Multiple scattering and induced gluon radiation will
modified the azimuthal distribution
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Jet Quenching in A+A Collisions ,\\]

T &
& _ 2E _ 1 Shortformation time for
"7 Q? p, the hardest gluon radiation

. ~2E_2p;  Softradiation still
' Q2 Q2 takesalong time

do g

25— K[ d®[d?rd’nt,(n)t ()Y | dx,d’k, dx,d’k,,
dyd P+ abcd

daa —C 1 =
1 C

Parton distr. in nuclei & p; broadening Modified Frag. Fun.




Jet Quenching at RHIC ’\Q
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O PHENIX° @ STARh
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Parton Energy Loss %
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Same-side jet cone remains AN —

« d+Au min. bias

the same for large p+ T —p+pmin.bias  SApn |
§ : * Central Au+Au
e . . — 7 =] .
10 E3 o
: °pp 1 >
- ! =80-40% =
— ¥ Atop 5% | =
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Q :6 I
o |
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g | -3 R N R R
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| | Low p; enhancement
a4 () near Implies energy loss
o 3- % I
ST R |
B O T Hadron rescattering will change
o 1 % 3 4o e 2 3 4 the correlation between leading

and sub-leading hadrons



Soft hadrons rings

ZYAM subtracted pairs per trigger: 1N dN*B(di-jet)/d( A¢ )

Stoecker’04
Casalderrey-Solana,Shuryak & Teaney ‘04
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LPM & Cherenkov-like Bremsstrahlung ,\{

J. Ruppert & B. Muller PLB619(2005)123. Majumder & XNW nuth-0507063
Dremin, JETP(1979), hep-ph/0507167 2 T T T T T T T T
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Resonances in QGP above T_.? ,\N
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Dielectric Constant in QGP ,\] i
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Koch, Majumder & XNW’05 oF T mames
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Flavor of Jet Quenching ,\%
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Parton recombination
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I(zﬂ) j—ngo(xk ) (XK )F (% K, K,)

~C| ﬁdxkﬁ(x’ k) Fxxk, k)

D, (z,,Q%) = jdz R (z,2,-2,Q%)Ry (2,2, — 2)

R(z,,2,) = \goézl, 2,k = O)‘Z

g-qgbar distribution in a jet
Hwa & Yang
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Modification due to recombination ,\\]

Majumder, E.Wang & XNW’04 /
Tr [e_ﬁﬁ O:| s — h
O e P
0

Dq—>h (Zh 1 QZ) ~ Dq—>h (Zh)

ik ) Hwa &Yang
J‘ : qu (1-2)z,, Q?) fqth (2) R(;‘q (2) Fries et al
(1-2) Greco&Ko

W ST T P f (P 1— )R
T J‘2P+(27z)3j(27z)3£ XFq (A, X) Tg (P =00, L= X) R (%,9,)

F(2,2,,Q°) F7(z,Q%)
2-quark distribution ~ <{EEEE)> Single quark distribution
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Prospective for Jet Quenching | f "'"
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Azimuthal Mapping of jet quenching
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Prospective for Jet Quenching Il coreen \‘h
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e Leading hadrons suppressed in DIS eA,
agrees well with multiple parton scattering

e Hadron absorption likely at lower energies

* |nitial gluon density in Au+Au Is about 30
times higher than cold nuclel

* Multiple hadron correlations critical
measurements
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Average Formation Time ,\%

2(1-2)Q° _ - dN
<rf> 1 dk22E2(1 z) ON,

CdNg/dz o T K dzdk?

_ 2Ez(1-2) 1 1
In(z(1-2)Q*/Q) [ Q  z(1-2)Q°_
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