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Goal: understand the decoherence mechanism for jets in the QGP

in the vacuum decoherence for hardest subjects is related to IRC safety
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jets 1n the QGP can be described in terms of effective kinetic description

(04 2 V2 fip.wt) = ~Clf



o o o P ;
Quark reduced density matrix in matter (¢ Brookhaven

The single parton wavefunction satisfies
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Light front kinetic energy

The reduced density matrix can be defined as
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We use the Gaussian approximation for the background field
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The matrix elements of the singlet and octet components satisty Boltzmann transport v(q) = g'n/q
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This form allows to settle the evolution in color space Ps,0(b, x,t) = p§?3 (b,x)e " Teol®) E — oo
Q2 T? q : R 1
['s(x) = Ara*Crnlog | = = L2 Singlet Neutral to matter
) mp) 4 4 r—0
FO(CC) ~ 47-‘-&8261 Al Blaizot, lancu, Braaten, Pisarski, ...
"D Octet g Damping

Only true 1n the absence of coherent background fields

One can also show that singlet subspaces become equally probable  Zakharov, Blaizot, Escobedo, ...
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Singlet evolution

In the absence of interactions with the background, one obtains free streaming

pw(b o (K/E)t,K,O)

which 1s dominated by the natural spreading of the wavepacket
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When including interactions, more scales emerge. Consider first the 0 ( >

Momentum space:
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Singlet evolution

When including interactions, more scales emerge. Now let us look at the 0 = ( >

Momentum space:

p€, K = 0,t) = e eXp{ £ d(t)} at) =1+ — <t>3”4t1
| | 2 (14 (t/t1)) - t+t

At late times, the mnitial condition is lost and off-diagonal terms vanish rapidly
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ts = titg

to > to > 11 VS tog < to < 11

Natural wave packet spreading
determines evolution

Medium-parton interactions
dominate evolution

§ = 0.3GeV?®, u = 0.3 GeV, and E = 200GeV



Singlet evolution: numerical example 23051047
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Singlet evolution: numerical example 230510476
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Having access to the reduced density matrix we compute the associated :
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Entropy as a measure of quantum to classical transition

29 1
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Entropy
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Asymptotically, one has that

SVN ~ 1H<l{72>t<b2>t SW VN o \/Z—?

thus, the

Sw  In(1/p)

In reality, the entropy growth is bounded

0

0

Ot

0K

(

P(K,t) =0

¢ 90 K\
105k 'E)

This occurs roughly after a time Yy = q/4T ~ T°

trel — ET/qA



Jet entropy via quantum simulation

Quantum simulation
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JB, X. Du, M. L1, W. Qian, C. Salgado, 2307.01792
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Analytical calculation
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Going beyond: assuming the decoherence mechanism 1n the QGP works at late times, we can write the entropy for the
hardest subjets 1n a jet

dP dP
S — — zn: / dHn dHn log dl__[n — Z STL Nagy, Soper; Neill, Waalewijn

n

At leading logarithmic accuracy and using a physical gauge, we can then write
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Going beyond: 1n matter jet entropy will be modified by different types of effects

Energy loss v Medium induced
radiation
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using simple quenching weight approximation and assuming

m — N

{g;( e

We find at leading order in the strong coupling

Entropy due to radiation
going into matter

201, 1 R dz [ df Smar, A2
So(F,R) = a (Q(l) log — log - S (2) / Z/ (2) ,0) log Zwa ) +(9(ozg)

T Ze R,

Entropy for single emission
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at LO the modified splitting function can always be written as d—g (1 i Fmed)

ol

The entropy variation with respect to the vacuum then reads

100 i e ________X-r
10—2_
d[AS] pt N 2043 / dz . - eFmed(e,Z) _
- do 5 1 -+ Fmed(ea Z) i

5 which exhibits a transition between the coherent
107°- — p; =200GeV, z. = 0.1 and decoherent regimes

— pr=300GeV, z. = 0.1
—— p; = 200GeV, z, = 0.2
- p; = 300CeV, z. = 0.2
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Conclusion and Outlook
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We studied how the decoherence takes place for a single parton 1n a dense QGP

Initial condition Diagonalization

10-2 10— 100 101 102 10
t [fm]

New QIS techniques and measures might give new 1nsight into jet quenching physics
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