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What is a jet!

® 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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ANTENNA SPECTRUM

= a laboratory to study coherence effects.
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Fundamental building block of the QCD cascade!
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SCALE ANALYSIS

he hard scale Qnard is: 0k = kK — K

gluon relative momentum off the antenna]

dN»-y* GfSCF 2
W eyl C-(k)
1 4 N
2 k <ok, or|f < 044

ok?
s

C*(k) =

k> 0k, or|0 > 0,4
\ J

emissions at large angles are sensitive to
the total charge of the emitting system

o interferences are at work at large angles!
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THE HARD SCALE

the hard scale determines the maximal k, of gluons that
can be produced by the system

in the vacuum, the only such scale is
related to the opening angle of the antenna
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can be produced by the system

in the vacuum, the only such scale is
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incoherent

k, < Qhard

radiation

k1 > Onard coherence
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HOW IS THE JET MODIFIED?

Q: how is the antenna radiation modified in a medium?

Building block of the in-medium cascade.
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Mehtar-Tani, Salgado, KT PRL 106 (2011) 122002, PLB 707 (201 1) 156

eikonal approximation for fixed
opening angle of the pair

medium is modeled as a classical

background field

—

1) = 96® (- ) o0,

J = Jq + J(j
Classical Yang-Millseq: D, F*’| =J" | |D,,J¥| =0

Linear response: [JA* — 2 [Ar;ed’ 8"‘,475] — —g—_:J"' + J

Gelis, Mehtar-Tani (2005), Mehtar-Tani (2007)
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COLOR PRECESSION

Considering soft gluon emissions: only the quarks interact!
Jy(@) = g Up(a™,0) 8% (7 — ZH)0(t) Q,

Wilson line along the trajectory:
+ \

Uy,(x*,0) = Py exp {ig/o dz" [T -A_ (%, 2"py/pT)]

/

>

0 L
—~1/3 q: medium transport
) """ timescale of decoh. coefficient

- the decoherence parameter

ma = (404

T — ——
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WHAT ARE THE
TRANSVERSE SCALES?

How is the medium resolved?

medium fluctuates at distances
larger than Qs

zero color on average!

probed by wavelengths A < Qs

What resolves the medium?
—

(L = Ogql
fm

d: mean L mom. transfer per unit length 0 L
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TWO REGIMES

g LY B 7 |mpa™ 7 |mpa™
D

Medium decoherence parameter 1| = |6n|Lt ~ 0,1

—> controls the cancellation of interferences

r.-1 > mp

1 1
,‘ Aed & - q LT ri [ln T + const.]

> “dipole” regime
» color transparency

Apmed & nOL+ = Nscat I'J_-l < mp

» “saturation” regime |}
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The hard scale of the problem: Quara = max (r7*, Q)

0N\ /k°

k. > Qhard: coherence! it

01F
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One scattering with the medium: Qs = mp
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ONSET OF DECOHERENCE
- FINITE GLUON ENERGIES

-
N
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-
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- vacuum |
partial

decoherence

o 'w dNg/dw d6

Qhard — Inax (TJ__la s)

8
|
4
o f
O:'

01 02 03 04 05 Above ®Wmax medium induces
| | @' ' ' independent radiation inside the
cone.

o Harder gluons are produced inside the medium
o Leads to the appearance of the independent component...




w=1GeV w =10 GeV

[ mp =0.5GeV St
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[N=1 case]

C.A. Salgado,Y. Mehtar-Tani, KT arXiv:1 112.503| [hep-ph]
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ENERGY SPECTRUM

0.2

“"Dipole” regime “Decoherence” regime
® coherent spectrum ® two components:
¢ log-enhancement e outside the cone (coh.)
¢ hardening! ¢ indepent gluon radiation




MEDIUM-INDUCED RADIATION

Baier, Dokshitzer, Mueller, Peigne, Schiff (1997-2001), Zakharov (1996),
Wiedemann (2000), Gyulassy, Levai,Vitev (2001-2002)

emitted off a single emitter
gluon interaction = k,-broadening

no soft/ collinear divergence
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MEDIUM-INDUCED RADIATION

Baier, Dokshitzer, Mueller, Peigne, Schiff (1997-2001), Zakharov (1996),
Wiedemann (2000), Gyulassy, Levai,Vitev (2001-2002)

emitted off a single emitter

gluon interaction = k,-broadening

QGP no soft/ collinear divergence

@We ~ m5 L

L [fm] mp [GeV]

For dense media:

o
(ol

At > Amfp = coherent emission

o
o)

©
~

At = =

2 o Al At:\/_A

)\mfp

w dN [indep] /dw

o
\V)

o

10 100

0.001 0.01 0A1




RADIATION IN A DENSE
MEDIUM

L ko/ / k/2 k/2
R, ~4 dt Pk—k',L —1)si —
: “’/o / 2y )Sm(wczw)exp( Nciw)

emission along the whole
length of the medium

two step process

broadening can transport
gluons up to arbitrary M :

large angles!

I
I
I
hQi=dL
:
]

Y. Mehtar-Tani, C.A. Salgado, KT in preparation




RADIATION IN A DENSE
MEDIUM

L k/2 k/2
R, ~ 4w dt/ ' = )exp(— = )
! 0 2 2/ quw 2/ quw

.—% = prob. of acquiring
mom. k after &
emission along the whole

length of the medium
two step process

broadening can transport
gluons up to arbitrary
large angles!

ClasSSiCa
Y. Mehtar-Tani, C.A. Salgado, KT in preparation b].‘O adenlng'
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1 — Amed(t7 O) = exp |:_qu§th:| — Td — (qegq) /

interferences of emissions inside the
medium are only active on short time-scales

antiangular component is saturated -
decoherence of the vacuum

but large angles imply ¢ < 14

emissions that happen close enough
to the antenna origin generate a vacuum-

like contribution which restores coherence
at ki, > Qs




INTERFERENCES

Y. Mehtar-Tani, C.A. Salgado, KT PLB 707 (2011) 156
Y. Mehtar-Tani, KT arXiv:1105:1346 [hep-ph]
J. Casalderrey-Solana, E. lancu JHEP 1108,015

1 2 \—1/3
1 — Amed(t7 O) = exp |:_qu§th:| — Td — (qegq) /

interferences of emissions inside the
medium are only active on short time-scales

antiangular component is saturated -
decoherence of the vacuum

but large angles imply ¢ < 14

emissions that happen close enough
to the antenna origin generate a vacuum-

like contribution which restores coherence
at ki, > Qs




INTERFERENCES

Y. Mehtar-Tani, C.A. Salgado, KT PLB 707 (2011) 156
Y. Mehtar-Tani, KT arXiv:1105:1346 [hep-ph]
J. Casalderrey-Solana, E. lancu JHEP 1108,015

1 2 \—1/3
1 — Amed(ta O) = exp {_qugqtg} — Td — (qegq) /

interferences of emissions inside the
medium are only active on short time-scales

antiangular component is saturated -
decoherence of the vacuum

but large angles imply ¢ < 14

emissions that happen close enough
to the antenna origin generate a vacuum-

like contribution which restores coherence




BACK TO COHERENCE
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BACK TO COHERENCE
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CONCLUSIONS

3 copious jets in heavy-ion collisions at the LHC

% independent radiation inside the cone - collinear limit, as in
vacuum

% medium induces coherent radiation up to hard scale - large
angle radiation

¥ a two scale problem: Qhnard = max( 1", O.)

= jet probes medium, and vice versa
% interplay: decoherence (ki < Qhard) vs. coherence (ki > Qhard)

= building block of jet calculus
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(II) Soft particles

at large angles
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ANTENNA IN MEDIUM
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Multiple scattering:
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Multiple scattering:
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Brownian motion of g+g system
through medium potential...




SCALING BEHAVIORS
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Color octet antenna
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