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Jets in vacuum

® Oiriginally a (quark/gluon) which
fragments into many partons with virtuality down
to a non-perturbative scale where it hadronizes

® | PHD: Hadronization does not affect inclusive
observables (jet shape, energy distribution etc..)
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Large time domain for pQCD: % <t< A2
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Jets in vacuum
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Jets in vacuum

[Bassetto, Mueller, Ciafaloni, Marchesini, Dokshitzer, Khoze, Troyan, Fadin, Lipatov, 80’s]

(91>(92>(93
(91>(9/2

-

AQO limits

- 'phase space
0 ] for soft
hard < > soft] emissions!

TASSO Collaboration, Z. Phys. C 47 (1990)
OPAL Collaboration, Phys. Lett. B 247 (1990)

Leading Logarithms
as;Cpr dw db

dP
> T w 0

( Angular ordering

d2P X @((91 — 92) dPl dPQ

Markov process!
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Q: How does the QGP alter QCD
coherence in a jet!
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* AO?
* Ordering variable?

Q: How does the QGP alter QCD
coherence in a jet!




| -gluon emission

AN 40Fa8 d2 (4
(27)%w W = / / P(k—q,L —t) sin <2kir> exp (—

A K2

e prob. of acquiring mom. k after & P(k,¢) = Age aE
* branching time tpr !

e Static scat. centers

classical
broadening!
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| -gluon emission

AN 41Cra, [F d2q | 7’ q
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Am k2

* prob. of acquiring mom. k after § P(k,¢) = e
* branching time tu; 1
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| -gluon emission

dN 4CFC¥3 L d2q . q2 q
272 — dt k—qg. L —t _
(2m) W ok N ,/0 ,/ (27)2 P(k—q,L—1)sin (21@%)1, S\ Tok2)

A4 k2

* prob. of acquiring mom. k after § P(k,¢) = e
* branching time tu; 1
Baier, Dokshitzer, Mueller, Peigne, Schiff (1995-2000) Zakharov (1996)
] L
— X Xg—
W tor

e Static scat. centers

* 1-gluon ~ n-gluon when

L .
ag— ~ 1 - classical

tor broadening]!

e Emission time t ~ L > t},,
L




N-gluon emissions

e Factorized contribution t1 ~to ~ L >ty or (w ~ ws < w, = GL?)
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N-gluon emissions

e Factorized contribution t1 ~to ~ L >ty or (w ~ ws < w, = GL?)
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* Decoherence of
successive splittings:
Interferences are
suppressed in a dense
medium = No Angular

Ordering!

Y. M.-T., K. Tywoniuk, C.A. Salgado (201 I)
E. lancu, |. Casalderrey Solana (201 1)

* Ordering variable:
emission time {1 < {9




N-gluon emissions

e Factorized contribution t1 ~to ~ L >ty or (w ~ ws < w, = GL?)

7, \* * Decoherence of
Qg : oy .
] ( tbr> successive splittings:

2

Interferences are

suppressed in a dense

medium = No Angular

Ordering!

Y. M.-T., K. Tywoniuk, C.A. Salgado (201 I)
E. lancu, |. Casalderrey Solana (201 1)

* Ordering variable:

e . emission time
= Probabilistic Scheme tr <1z

T
e Resummation: g — g an< —>

tbr




Generating Functional Method

* n-gluon probability £, * Probability conservation

Z(u) = i P, u"
n=1

* Average gluon number

* Higher moments

(n(n—1)..(n—m+1)) = (%)m Z(u

* To compute differential distributions in k
ou(k)
ou(p)

= 0 (k — p)

u — u(k)




Master Equation

Z(p. L~ tolu) = A@* L~ to) [ o3 P/ =L~ to) u(p)

L 1 !
dz dp dq
5 th +,t - / _— ’ J—
T ‘/{,‘0 (p tO) 0z /(27r)2p(p p L tO)/(2ﬂ_)2

K(q — zp'|z) Z2(q, L — t|u) Z(p" — q, L — t|u)

T —




Z(p, L — tolu) = A(p™, L — to)/ (

Master Equation

pl
2m)

P@ —p,L—to) u(®) )

L 1 /
dz dp dq
5 th +,t - / _— ’ J—
+a ,[0 (p tO) 0 P / (27!‘)2P(p p L tO) / (27r)2

K(q - zp'|2) Z2(q, L — tju) Z(p" — q, L — t|u)




2(p, L — tou) = A(p*, L — to) / (

Master Equation

dp’
27r)

P@ —p,L—to) u(®) )

L
+a3£ th(p+,t—t0) / 271_)2&(17 -p,L— tO)/(;(I)2

Kla — =plz) fa L~ tu) 26’ ~a, Lt




Master Equation

to to

g@zp_

Z(p, L — tolu) = A(p*, L — to)/

dp’

(27‘,) P(pl — D, L — to) ’Ll.(p’))

L 1 /
dz [ d d , :
+a3/ dt A(p*,t — to) : S g é(p'—p,zz—to)/(2;1)2 K(q — zp |z}(q,L—t|u)Z(p —q,L —t|u)
to

z J (2m)?
e

* In-medium splitting function * Relative pT at branching time

2 [ (g —2p)° (g — zp)° 2 _ I
K4o(q — 2p, 2) = — Pap(z) sin [ exp |— k. = V2(1 — 2)pTGegr
Be pt 2k, 2k




Master Equation

Z(p, L — tolu) = A(p*, L — to)/

L 1 /
dz [ dp' [,
+ 5 r_
+ag /to dt A(p™,t —tp) 7 (2’”)26(1) p, L

T —

* In-medium splitting function * Relative pT at branching time

Khoa—=p,2) = 5 Pan(a) sin| L] xp| - (1220 K2, = V(1 — 2)p des

2k 2k

e Sudakov form factor:

1
Prob. not to emit A(pT,L —tg) = exp [_as(L — to) / dz IC(z)]
(Unitarity) 0 #




Application |: gluon distribution

* Integrating over / A2k
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Application |: gluon distribution

* Integrating over / d?k

transverse momenta: (272 P(k—q,L—1t)=1

S ZE W =0, [ FKE) [2GE, W) 2(1-2)E, v - 2(B,4)].

e Gluon distribution D(CE, E) — QEd—N _ (,()52(E7 U)

dx ou(w) lu=1
r=w/FE

=) 0w

S.Jeon, G. D. Moore(2003)




Application |: gluon distribution

* Solution in the soft limit W < w, = chz <k

%D(x)zQas/ %Kﬁ(z) (E)

T A

e Splitting function

Leading order BDMPS result

Exp increase of soft gluons (at large angles)
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* Solution in the soft limit W < w, = chz <k

%D(m):Zas/ %K(z) (E)

T &
* Splitting function
1

D(z) =x6(1 — x) + 5 (&SL

e When W > a2 we

D(w) = as\/%

Leading order BDMPS result

Exp increase of soft gluons (at large angles)



Application |: gluon distribution

* Solution in the soft limit W < w, = CjLz < K

O%D(:B):Zas/ dz—le(z) (f)

T A

* Splitting function

D(z) = 26(1 — z) + (&SL

2 9o )

e When w > Oég We * When w < Oég We

D(w) = ozs\/% D(w) ~ exp _2 @@) -

Leading order BDMPS result , ) )
Exp increase of soft gluons (at large angles)




Application |l: Correlations

* 2-particle correlations inside the jet

02 Z(E,u)
du(wy)ou(ws) lu=1

D(Z‘l, 5132) = W1W9

0 B L dz T1 T2 x1 T2 ‘
- Dlai,zz) = [ LK) |D(2,2) +D(2)DGE) +sym - Dlas, 22




Summary

V' In the limit of a dense medium, parton branchings are decoherent
due to rapid color randomization.

v A probabilistic description of in-medium jet evolution is
formulated in terms of a Master Eq. for Generating Functional

v' = Fully exclusive description of the jet including momentum

broadening

V' Possible implementation in a Monte Carlo generator




