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Focus on leading perturbative processes. Two processes that modify jets.

Single particle broadening Medium induced gluon radiation

The matter affects the angular structure of the gluons emissions

Vacuum radiation is emitted at small angles inside the jet cone

Medium-induced radiation is emitted at large angles outside the jet cone

Color coherence in the presence of QCD matter

See e.g. Casalderrey-Solana, Salgado 07
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Antenna radiation in the vacuum
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Angular structure of a QCD cascade is dictated by quantum mechanical interference effects

It can be gauged by calculating the soft gluon emission off a q¢ antenna

a.Cr dE, sinf, do
X deaC: S g g g@ (9 ——(9
q © FE, 1—cosb, (Oag = bg)

Soft radiation at angles larger than the antenna opening angle is forbidden
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a.Cr dE, sinf, do
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Soft singularity

Collinear singularity

Soft radiation at angles larger than the antenna opening angle is forbidden

See e.qg. Ellis, Stirling, Webber ‘96
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Angular structure of a QCD cascade is dictated by quantum mechanical interference effects

It can be gauged by calculating the soft gluon emission off a q¢ antenna

a.Cr dE, sinf, do
R deac: S g g 9@ (9 __6)
q © FE, 1—cosb, (Oag = bg)

Soft singularity

. . | Color coherence
Collinear singularity

Soft radiation at angles larger than the antenna opening angle is forbidden

See e.qg. Ellis, Stirling, Webber ‘96
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How to embed this process in matter?
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The medium is modeled by a field created by a classical current of heavy sources

. . i(qwtq, ) Ea Scattering potential
gA*(q) = ¢" / e~ "IFTEE pN @, 2) v(g; @, 2) (2m)d(q0)
T,z Density of color sources

See e.g. Casalderrey-Solana, Salgado 07
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The medium is modeled by a field created by a classical current of heavy sources

. 0 (g @i,z sa Number density of sources
gA™(q) = ¢" / e TS % (@, 2) v(g; @, 2) (27)0(qo)
T,z Color factor of sources

Stochastic ensamble of particles  ——  the statistical properties must be specified

. ) 5ab
<:0 (@, 2:)p (Y, Zy)> — 2C 5 5(2)(5'3 —Y)0(22 — zy) P(T, Z2)

See e.g. Casalderrey-Solana, Salgado 07
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The medium is modeled by a field created by a classical current of heavy sources

. 0 (g @i,z sa Number density of sources
gA™(q) = ¢" / e TS % (@, 2) v(g; @, 2) (27)0(qo)
T,z Color factor of sources

Stochastic ensamble of particles  ——  the statistical properties must be specified

. ) 5ab
<:0 (@, 2:)p (Y, Zy)> — 2C 5 5(2)(33 —Y)0(22 — zy) P(T, Z2)

Interactions resummed into effective propagators 7

pP—dq @
r Z ¢ ) q q
W(rvzfazin) =P exp < 7// dr t° /ﬁa’(y,T)fU(’T‘ _y) ’ % (q) E (7
z Yy

\ imn /
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First attempts to in-medium antenna splitting

No antenna formation time
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First attempts to in-medium antenna splitting

No antenna formation time
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The matrix element of the antenna radiation is obtained computing

and looks like

See e.g. Mehtar-Tani et al JHEP 12

K = Relative transverse momenta of the gluon with the quark Armesto et al JHEP 12
B . . . Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the anti-quark Casalderrey-Solana et al PLB 13

Calvo et al PLB 14
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The matrix element of the antenna radiation is obtained computing

2
and looks like
1 1 KK K- K
M2 — 2 — 2 — Amed
9499 ,{2 F\',Q K)ZFLZ K,2K,2
_ : : See e.g. Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the quark Armesto et al JHEP 12
3 . _ _ Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the anti-quark Casalderrey-Solana et al PLB 13

Calvo et al PLB 14
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The matrix element of the antenna radiation is obtained computing

2 2

I I + cc

and looks like

1 1 K- K K- K
MQ— — 2 — 2 — Amed
9499 ,4/2 K,2 ,{2 ,4../2 ,4/2’(‘.12
_ : . See e.g. Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the quark Armesto et al JHEP 12
3 _ . _ Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the anti-quark Casalderrey-Solana et al PLB 13

Calvo et al PLB 14
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The matrix element of the antenna radiation is obtained computing

2 2
+ + + CC
and looks like
, 1 1 K - R K - R Vacuum matrix element
Maag 2 2 2 12 122 2 12 122 Amed .
Medium decoherence factor

_ : : See e.g. Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the quark Armesto et al JHEP 12
3 . _ _ Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the anti-quark Casalderrey-Solana et al PLB 13

Calvo et al PLB 14
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The matrix element of the antenna radiation is obtained computing

2 2
+ + + CC
and looks like
, 1 1 K - R K - R Vacuum matrix element
Maag 2 2 2 12 122 2 12 2 Amed .
Medium decoherence factor
© (Qqq o ‘99) © (‘99 o qu)

_ : : See e.g. Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the quark ’ Armesto et al JHEP 12
3 . _ _ Mehtar-Tani et al JHEP 12
Kk = Relative transverse momenta of the gluon with the anti-quark Casalderrey-Solana et al PLB 13

Calvo et al PLB 14
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The decoherence leads to anti angular ordering

In the harmonic approximation one can write

Amea = (W(L,00WH(L,0)) ~ 1 — e Paa/0)" 0.

qL?

Partons emitted with an angle below 0. are unresolved and emit as a single parton

The bigger the number of emitters the more MI radiation and higher energy loss

Xoan Mayo Lopez 5 IGFAE - University of Santiago de Compostela



= - . Filé\lI(S:'RTUTO GALEGO 1999 - . .
= (IGFAE) =551 . . 25K New jet quenching paradigm

The decoherence leads to anti angular ordering Daniel Pablos Tue
Lin Chen Tue
1 1 KK K- K
2 I
qug (%2 | RQ 2 I{2IZ',2 > + 2 I‘\',ZIZ',Q Amed

In the harmonic approximation one can write

—(045/0c)° _
Amed = (W(L,0)WT(L,0)) ~ 1 — ¢ (Faa/bc)” A = o

Partons emitted with an angle below 0. are unresolved and emit as a single parton

: : PE : See e.g. Mehtar-Tani et al JHEP 12
The bigger the number of emitters the more MI radiation and higher energy loss rmeeto ot a1 HED 15

Mehtar-Tani et al JHEP 12
Casalderrey-Solana et al PLB 13
Calvo et al PLB 14
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Generalized in-medium antenna splitting

Including formation time
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The antenna radiation matrix element becomes

- 1 o | _
Mgfjg — 4CF92M3(7(1 - Fmed) ( | —5 2 2> + 2 5 Amed

Both modifications can be computed in the harmonic oscillator approximation

Fneds Amed ~ (WWT.W)

XML
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The antenna radiation matrix element becomes See Dominguez, Milhano, Salgado, Tywoniuk, Vila EPJC 20

l

Antenna formation modification

_ | . | _
MCQ](jg — 4CFQ2M?](7(1 - Fmed) ( | —5 2 2) + 2 5 Amed

Both modifications can be computed in the harmonic oscillator approximation

Fineds Amed ~ WWT..WV)

See Abreu, XML, Milhano, Soto-Ontoso JHEP 24
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] ] Antenna formation modification
1 R .
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The antenna radiation matrix element becomes See Dominguez, Milhano, Salgado, Tywoniuk, Vila EPJC 20

l

] ] Antenna formation modification
1 ” .
Miqe = 4Crg* My (1 + Fea) ( F—5 — 2 2> + 2——Amed Vacuum radiation

In-medium color decoherence

Both modifications can be computed in the harmonic oscillator approximation

Fineds Amed ~ (WWT.. W)

See Abreu, XML, Milhano, Soto-Ontoso JHEP 24
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The antenna radiation matrix element becomes See Dominguez, Milhano, Salgado, Tywoniuk, Vila EPJC 20

l

Antenna formation modification

(1 1 K- K K- K= |
M., =4Cpg* M (1+ Fped) (Klg | = 2,{2&2) + QRQRQ Aned Vacuum radiation
l l In-medium color decoherence
© (qu o g) © (‘99 o qu)

Both modifications can be computed in the harmonic oscillator approximation

Fineds Amed ~ WWT..WV)

See Abreu, XML, Milhano, Soto-Ontoso JHEP 24
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(Generalized color decoherence

Ey =200GeV, L =4 fm E, =400GeV, L =4 fm E, =800GeV,L =4 fm 0.5
I0.4
10.3
N
10.2
0.1
~T0° = — 10t 100 90

Now it is a function of the energy sharing fraction of the antenna splitting

~ ~

Amed; Amed — 0 full color coherence Amed, Ameq — 1 full color decoherence

See Abreu, XML, Milhano, Soto-Ontoso JHEP 24
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(Generalized color decoherence

Ey=20GeVL=6tm Ey =400 GeV, L =6 fm £y =800GeVE=6fm 5
f Io.4
10.3
N
10.2
] 0.1
—0 0.0
Now it is a function of the energy sharing fraction of the antenna splitting
Ameds Ameda — 0 full color coherence Amed, Amed —» 1 full color decoherence

See Abreu, XML, Milhano, Soto-Ontoso JHEP 24
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» We have revisited the previous calculations of the radiation pattern off a QCD antenna in the presence of a medium

* These studies suggest a critical angle that characterizes the power resolution of the medium

* We have computed the radiation off a QCD antenna accounting for its finite formation time inside the medium
* The notion of a critical angle that exclusively depends on the medium properties no longer holds

* The color decoherence at small opening angles of the antenna seems to be overestimated

* More studies on decoherence needed from theory to be included into simulations
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