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Introduction - QGP and q̂
In RHIC and LHC, QGP is created.

beam view top view

Hard probes(jets) are used to study the
QGP by comparing pp to AA collisions.
Phenomena generally known as Jet
Quenching.

Jet Quenching, classified as:

Transverse momentum broadening

Jet energy loss

Transport property of the QGP

−dE
dx

= αsNc
4

q̂L, q̂ ≡ d⟨q
2
⊥⟩

dL

BDMPS NPB 483 (1997) 291, 484 (1997) 265, 531
(1998) 403

JET collaboration. PRC 90, 014909 (2014)
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Introduction - ∆φ and xJ
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Formalism - resummation
pQCD vs Resummation:
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⟨q̂L⟩b2

4

Mueller, Wu, Xiao, Yuan, 1608.07339, 1604.04250
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∣
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∣
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σSud
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Boson-jet Topology:

PJ⊥

PB⊥
q⊥

∆φ

θ

Gamma-jet: photon neutral to QGP interaction,
preserves momentum information of away-side jet.

cross-section can discriminate individual jet
species for energy loss implementation.

Heavy-bosons: clean signature, encourages soft
radiation.
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Formalism - implementation
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Formalism - Z+jet hard factor
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Formalism - H+jet hard factor

H
(0)
gg→Hg = CA

⎡⎢⎢⎢⎢⎢⎣

s4 + t4 +u4 +m8
H

stu

⎤⎥⎥⎥⎥⎥⎦
, H

(0)
qg→Hq = CF

⎡⎢⎢⎢⎢⎣

s2 + t2

−u

⎤⎥⎥⎥⎥⎦

H
(1)
gg→Hg =H(0)

gg→Hg
αs

2π

⎡⎢⎢⎢⎢⎢⎣
−2β0 ln

⎛
⎜
⎝

R2P2
J⊥

µ2
res

⎞
⎟
⎠
+ ln

2 ⎛
⎜
⎝

µ2
res

P2
J⊥

⎞
⎟
⎠
+ ln(

1

R2
) ln

⎛
⎜
⎝

µ2
res

P2
J⊥

⎞
⎟
⎠
+ 6β0 ln

µ2
ren

µ2
res

− 2 ln
⎛
⎜
⎝

P2
J⊥

µ2
res

⎞
⎟
⎠

ln
⎛
⎝

s

µ2
res

⎞
⎠

− 2 ln(
s

−t
) ln(

s

−u
) + ln

2 ⎛
⎜
⎝

m2
H − t

m2
H

⎞
⎟
⎠
− ln

2 ⎛
⎜
⎝

m2
H − t

−t

⎞
⎟
⎠
+ ln

2 ⎛
⎜
⎝

m2
H −u

m2
H

⎞
⎟
⎠
− ln

2 ⎛
⎜
⎝

m2
H −u

−u

⎞
⎟
⎠

+2Li2

⎛
⎜
⎝
1 −

m2
H

s

⎞
⎟
⎠
+ 2Li2

⎛
⎜
⎝

t

m2
H

⎞
⎟
⎠
+ 2Li2

⎛
⎜
⎝

u

m2
H

⎞
⎟
⎠
+

67

9
+
π2

2
−

23Nf

54

⎤⎥⎥⎥⎥⎥⎦
CA + δH(1)

gg→Hg

H
(1)
qg→Hq =H(0)

qg→Hq
αs

2π

⎧⎪⎪⎪⎨⎪⎪⎪⎩

⎡⎢⎢⎢⎢⎢⎣

1

2
ln

2 ⎛
⎜
⎝

µ2
res

P2
J⊥

⎞
⎟
⎠
+ ln

⎛
⎜
⎝

P2
J⊥

µ2
res

⎞
⎟
⎠

ln(
u

t
) + ln

⎛
⎜
⎝

P2
J⊥

µ2
res

⎞
⎟
⎠

ln
⎛
⎝

s

µ2
res

⎞
⎠
− 2 ln

⎛
⎝

−t

µ2
res

⎞
⎠

ln
⎛
⎝

−u

µ2
res

⎞
⎠

−4β0 ln
⎛
⎝

−u

µ2
res

⎞
⎠
+ 6β0 ln

µ2
ren

µ2
res

+ 2Li2

⎛
⎜
⎝

u

m2
H

⎞
⎟
⎠
− ln

2 ⎛
⎜
⎝

m2
H −u

−u

⎞
⎟
⎠
+ ln

2 ⎛
⎜
⎝

m2
H −u

m2
H

⎞
⎟
⎠
+

7 + 4π2

3

⎤⎥⎥⎥⎥⎥⎦
CA

+ 20β0 +
⎡⎢⎢⎢⎢⎢⎣

1

2
ln

2 ⎛
⎜
⎝

µ2
res

P2
J⊥

⎞
⎟
⎠
+

3

2
ln

⎛
⎜
⎝

µ2
res

R2P2
J⊥

⎞
⎟
⎠
+ ln(

1

R2
) ln

⎛
⎜
⎝

µ2
res

P2
J⊥

⎞
⎟
⎠
− ln

⎛
⎜
⎝

P2
J⊥

µ2
res

⎞
⎟
⎠

ln(
u

t
)

− ln
⎛
⎜
⎝

P2
J⊥

µ2
res

⎞
⎟
⎠

ln
⎛
⎝

s

µ2
res

⎞
⎠
+ 3 ln

⎛
⎝

−u

µ2
res

⎞
⎠
+ 2Li2

⎛
⎜
⎝
1 −

m2
H

s

⎞
⎟
⎠
+ 2Li2

⎛
⎜
⎝

t

m2
H

⎞
⎟
⎠
− ln

2 ⎛
⎜
⎝

m2
H − t

−t

⎞
⎟
⎠

+ ln
2 ⎛
⎜
⎝

m2
H − t

m2
H

⎞
⎟
⎠
−

3

2
−

5π2

6

⎤⎥⎥⎥⎥⎥⎦
CF

⎫⎪⎪⎪⎬⎪⎪⎪⎭
+ δH(1)

qg→Hq

PRL 114 202001, PLB 769 57

Chen Lin Probing transport properties with boson-jet correlations QPT 2019, EnShi 8 / 13



Formalism - scale dependence
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pp and smearing
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CMS pp

Resummation

MCFM Comparison between Higgs and Z showed that
heavier particles have a higher tendency to give off
soft radiations.

this pushes the applicable region of the perturbative
calculation further down to smaller ∆φ region, while
extending the applicability of resummation near π.

as a result, the phase space near ∆φ is dominated by
2-to-2 processes with soft radiations.
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pp and smearing
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r̄ = 0.94; σ = 0.15

r̄ = 0.94; σ = 0.20
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r̄ = 0.96; σ = 0.15

r̄ = 0.96; σ = 0.20

r̄ = 0.96; σ = 0.25
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dσsmeared

dPJ⊥
= ∫

r̄+5σ

r̄−5σ

dr√
2πσ

e
− (r̄−r)2

2σ2
1

r

dσ

dP ′
J⊥
∣
P ′
J⊥=PJ⊥/r

We note that the small xJ shoulder comes mainly from hard splittings.
However, since the region 7/8π ≤ ∆φ ≤ π is mostly dominated by 2-to-2
processes, resummation results alone can give a good description of the
experimental data.

A simple Gaussian smearing is performed to mimic the effects of detector
resolution and response.
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AA and jet quenching
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εD(ε) =

√
α2ωc

2ε
exp [−

πα2ωc

2ε
] , ωc(x, y,ψ) = q̂

L2

2
= q̂0 ∫

T 3
(x, y, τ)

T 3
0

τ dτ

dσ

dPJ⊥
= ∫

dxdydψ

TAB
∫ dε εD(ε,ωc(x, y,ψ; q̂0))

dσ

dP ′
J⊥

∣

PJ⊥=P
′
J⊥−ε

We then simulate a viscous hydro profile and extracted a radiation frequency profile
assuming a simple temperature relation to the transport coefficient.

the energy loss probability as a function of the radiation frequency given by the BDMPS
formalism is used in our framework. Then an integral over the collision geometry is
performed to give the quenched xJ distribution, which is similar to those given by
Monte-Carlo parton showers.

Finally, the unsmeared result is provided to give a hint of what the distribution would look
like when experimental results are unfolded.
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Summary and Outlook

Previous dijet, gamma-jet results have shown that precision measurements and
calculations are needed to further narrow down the uncertainties when
extracting the transport coefficient.

Heavy boson tagged jets could become a new standard in quantitative
extraction of the q̂ variable.

results shown that as the produced particle gets heavier, the ∆φ distribution
near π will be dominated by 2-to-2 processes with soft radiations.

Advantage of choosing events from phase-space that is dominated by 2-to-2
neutral tagged jets, is that we can discriminate the species of the jet by the
energy loss factor.

the pp baseline was established by fixing the smearing parameter, then q̂0 is
extracted by simulating the jets in the hydro profile.

include the effects of nPDF

comparison between different energy loss models (GLV, HT, etc.)

look at hadronic observables(gamma-hadron, Z-hadron)
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