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Motivation =2
Jet Quenching. Model used: ‘

* JEWEL[arXiv: 1212.1599, arXiv:
1311.0048];

Goal

® Realistic medium evolution

e Differential predictions

Quenched Jet

® Multiparticle final state

4O0r «FP «=)>» «=)r» El= QR
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v-USPhydro

015" _ — trento+v-USPhydro

0.10
v-USPhydro[arXiv: 1305.1981, B
. 0.05
arXiv: 1406.3333] A
¢ smoothed partide 000 10 20ALICEOPth15'OZTﬁeoV 6 70
hydrodynamics(Lagrangian Centrality (%)

method);
® 2+1 dimensions;
* shear viscosity (2 = 0.047);
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The simulation FRILRE  RPHERIG

| Scenarios
Initial conditions Evolution
Glauber+Bjorken Glauber
TrENTo+Bjorken TrENTo! Bjorken Expansion
MC-KLN+Bjorken MC-KLN?
MC-KLN +v-USPhydro MC-KLN
TRENTo +v—USPh}}//dro TRENTo | 211 v-USPhydro code

LarXiv: 1412.4708
2arXiv: nucl-th/0611017

40r «FP «=)>» «=E)r» El= QR
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Jet Observables BRIFUSP  WHerIC

The observables chosen
were the following:

® Mass;
® Girth;

® Dispersion;

® vp;

Following arXiv: 1509.07334, we

[ ) . .
X generalize:

chJet( ChJet) _r Nm(pChJet) — Nout(p;}”et)
4 Nm Ch]et)‘i‘Nout( Ch]et)

4O0r «FP «=)>» «=E)r» El= QR
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PbPb /sNN = 2.76 TeV anti-kt R = 0.2
In| < 0.8

40GeV/c < pt < 60GeV/c

arXiv: 1807.06854
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Girth
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Dispersion SRIFUSP  HFHEPIC
PbPb 0-10% ,/SNN = 2.76TeV anti-kt R = 0.2
Inl < 0.8

40GeV/c < pt < 60GeV/c
arXiv: 1807.06854

4.0
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3.5 + ALICE

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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Dispersion
PbPb 0-10% V/SNN = 2.76TeV anti-kt R = 0.2
In] < 0.8

40GeV/c < pt < 60GeV/c
arXiv: 1807.06854
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Dispersion
PbPb 0-10% V/SNN = 2.76TeV anti-kt R = 0.2
In] < 0.8

40GeV/c < pt < 60GeV/c
arXiv: 1807.06854
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Dispersion
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Mass SIRIFUSP ¥ HEPIC
anti-kt R = 0.4
Inl < 0.8
40GeV/c < pt < 60GeV/c

arXiv: 1702.00804
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Mass SRIFUSP

anti-kt R = 0.4
In| < 0.8
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Predictions for Run I
with TR ENTo+4vUSP-hydro
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Predictions for x; SRIFVSE HHERIC

V/SNN = 5.02TeV anti-kt R = 0.4
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Predictions for x; SRIFVSE HHERIC
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Predictions for x; SRIFSE  SHERIC

V/SNN = 5.02 TeV anti-kt R = 0.4
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Predictions for v, LFHEPIC

V2
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Predictions for v, LFHEPIC
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Predictions for v,
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Predictions for v,
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Conclusions and Outlook

SRIFUSP

Conclusions
| Sensitivity |
Observable | Sensitive to medium expansion?
Girth No
p? No
Mass No
Jet v, Yes

Are Jet Quenching models sensitive to hydro?

FFHEPIC
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Conclusions and Outlook FRILE  RPHERIG

Conclusions
| Sensitivity |
Observable | Sensitive to medium expansion?
Girth No
p? No
Mass No
Jet v, Yes

Are Jet Quenching models sensitive to hydro?
® From the shape perspective? Not the ones we have studied;
® From the anisotropic flow perspective? Yes!
® There is indication that Jet Quenching is sensitive to hydrodynamics;

® Observables that look at event-by-event fluctuations, i.e. v, might give
further constraint both on hydro models and on the Jet Quenching
models themselves;

A new tool was developed to study interplay of jets and medium;

40r «FPr «=)>» «=)r» El= QR
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Conclusions and Outlook FRILRE  RPHERIG

Outlook
® Study other observables (zg,n-subjetiness,...);
® Look for new ones:

® Study each observable dependence to each IC and hydro
parameter (¢,n);
Use other IC and hydro models;

Implement realistic EOS, local v, and heavy-flavor on JEWEL;

4O0r «FPr «=)>» «=E)r» El= QR
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Grid Validation SRIFUSP  @pHePIC

JEWEL calculates T(x,y,7) as it generates events.

40> 4F>» «E>» «E>» == Q™
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Grid Validation FREE Fher

JEWEL calculates T(x,y,7) as it generates events.
This can’t be done with arbitrary ICs and hydro.

4O0r «FPr «=)>» «=E)r» El= QR
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Grid Validation FREE Fher

JEWEL calculates T(x,y,7) as it generates events.
This can’t be done with arbitrary ICs and hydro.
So, a method was developed to read external profiles.
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Grid Validation FREE Fher

JEWEL calculates T(x,y,7) as it generates events.

This can’t be done with arbitrary ICs and hydro.

So, a method was developed to read external profiles.

First, the profiles are generated according to a choice of initial
conditions.
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Grid Validation FREE Fher

JEWEL calculates T(x,y,7) as it generates events.

This can’t be done with arbitrary ICs and hydro.

So, a method was developed to read external profiles.

First, the profiles are generated according to a choice of initial
conditions.

Then it is saved into a grid.
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Grid Validation FREUE Fher

JEWEL calculates T(x,y,7) as it generates events.

This can’t be done with arbitrary ICs and hydro.

So, a method was developed to read external profiles.

First, the profiles are generated according to a choice of initial
conditions.

Then it is saved into a grid.

® h=0.3fm;
® dr =0.1fm/c;

® Bicubic interpolation;
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Grid Validation SRIELSE  Bpueric

JEWEL calculates T(x,y,7) as it generates events.

This can’t be done with arbitrary ICs and hydro.

So, a method was developed to read external profiles.

First, the profiles are generated according to a choice of initial
conditions.

Then it is saved into a grid.

® h=0.3fm;
® dr =0.1fm/c;

® Bicubic interpolation;

Events are generated reading this grid.

40r «FPr «=)>» «=)r» El= QR
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Grid Validation FREUE Fher

1.20

Default

1.15 A —t— Grid

1.10 4

105 1 PbPb 0-10%

V/SNN = 2.76TeV anti-kt
R=04

0.95 1 In] < 0.8

0.90 1

1.00 4

[eyRsaen

0.85 1

0.80 T T T T T T
50 100 150 200 250 300

Jetpr

40> 4F» «=» « E

F.M. Canedo Jet Quenching in Relativistic Heavy-lon Collis May 2nd 2020 3/29



Grid Validation FREUE Fher

Default
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Grid Validation FREUE Fher

Default

141 —}— Grid
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Jet Algorithm SIRIFUSP  HepiC

Jets are defined
through an algorithm
that must satisfy
certain conditions.

4O0r «FP «=)>» «=E)r» El= QR
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Jet Algorithm

Jets are defined Collinear safe jet alg.
through an algorithm ~ ? Y

that must satisfy ‘ ‘ fd
certain conditions. | |

e collinear safe; et =3
o X (o) of X (+e2)

Infinities cancel

SIRIFUSP  HEPIC

Collinear unsafe jet alg
c) d)

LB 14

\ , \ )
jet1 J = 3 [ —
jet2

g X (o) 0g X (o)

Infinities do not cancel
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FFHEPIC

Jet Algorithm

Jets are defined
through an algorithm
that must satisfy
certain conditions.

solt diverzence

® collinear safe;

® infrared safe; ©
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FFHEPIC

Jet Algorithm

Anti-kt

Jets are defined
through an algorithm
that must satisfy
certain conditions.

® collinear safe;

® infrared safe;
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Anti-kt SRIFUSP

Based on a two particle distance;

AR
R

dj = min(Pti_zaPtj_z)

di = pei?

AR = /A@? + AP

Where:

FFHEPIC
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Anti-kt SRIFUSP  #¥HepIC

Waork out all the dy Yes
and dg.

Declare i to be a jet,
and remave it from
the list of particles.

Find the minimum of dig
the dy; and d,g .

il

Recombine i and j

into a single new par- Are there particles
ticle and return to remaining”

step L.

I:smp — No
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Thermal Subtraction SRIFUSE  epic

JEWEL keeps recoil

4O0r «FP «=)>» «=E)r» El= QR
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Thermal Subtraction BRIFUSP  WHerIC

JEWEL keeps recoil
Thermal contamination must be subtracted

4O0r «FP «=)>» «=E)r» El= QR
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Thermal Subtraction BRIFUSP  WHerIC

JEWEL keeps recoil
Thermal contamination must be subtracted

4 Moment Subtraction:

4O0r «FP «=)>» «=E)r» El= QR
May 2nd 2020 10 / 29
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Thermal Subtraction BRIFUSP  WHerIC

JEWEL keeps recoil

Thermal contamination must be subtracted
4 Moment Subtraction:

Thermal momenta — ghost particles

«O> «Fr» «E>» «E>» E|= QA
10 / 29
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. v -
Thermal Subtraction FRILE  RPHERIG

JEWEL keeps recoil

Thermal contamination must be subtracted

4 Moment Subtraction:

Thermal momenta — ghost particles

Particles close enough to these ghost particles are classified as thermal
momenta.

4O0r «FPr «=)>» «=E)r» El= QR
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. o o
Thermal Subtraction FRILE  RPHERIG

JEWEL keeps recoil

Thermal contamination must be subtracted

4 Moment Subtraction:

Thermal momenta — ghost particles

Particles close enough to these ghost particles are classified as thermal
momenta.

4 thermal momenta summed up and subtracted from the observable.

4O0r «FPr «=)>» «=E)r» El= QR
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Quark-Gluon Plasma SRIFUSP  @hepiC

Temperature T [MeV]

Nuclei

7 = i
Net Baryon Density

«O>» «F>» «E» «E» =
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Relativistic Heavy-Ion Collisions SR IFUSP

The experimental way of studying the Quark-Gluon Plasma are
Relativistic Heavy-lon Collisions

e s final detected
Relativistic Heavy-Ton Collisions particle_efstributions

Kinetic
freeze- -out
n Hadronization _—— éjj“ P
Initial energy et = oy
density g

|

eﬁunhbrlum iscous Fdrod ics |
ynamics | e Y | free streaming

collision evelution | L
t~0fmic t~1fm/e t~10 fm/c © ~ 101 fm/c

«4O>» «Fr «E>» « wa
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Relativistic Heavy-Ion Collisions SRR IFUSP

The experimental way of studying the Quark-Gluon Plasma are
Relativistic Heavy-lon Collisions

o =t final detected
Relativistic Heavy-Ton Collisions particle_distributions
Kinetic P =
freeze-out _—

- __—
Hadmmzdn—::d_‘__ -

e
Initial energy e g =
density ol :

o

3
)
3
b

Q6P phase

v

A

a Sl e
.

collision
ovedap rone

'_SI'E-
equil brium hednod .
dyramics | _ viscous hydre Y"im'cs free streaming
callision evelution

t@Ufmic t~1fm/c T ~10fm/c T ~ 1013 fm/e

«O» «Fr «E»>» <

acv
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Relativistic Heavy-Ion Collisions SR IFUSP

The experimental way of studying the Quark-Gluon Plasma are
Relativistic Heavy-lon Collisions

R o final detected
Relativistic Heavy-Ion Collisions particle distributions
Kinetic e
freeze-out _—"

o

3
i
p
i

i Hadronization d__ﬂ_.-—"?%:s\‘ .
Iritial erzrgy !__,,f )
densit Y ___oan

& Hadren
as
P ase

Q6P phase

v

/

collision
ovedap rone

pre-
equilibrium . hedred .
_dynamics | ""_SCC'US ydredynamics | freestreaming
callision evelution -

t~0fmic T~1fm/c Tt~ 10 fm/e T ~101 fm/c

«4O>» «Fr «E>» « wa
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Relativistic Heavy-Ion Collisions SR IFUSP

The experimental way of studying the Quark-Gluon Plasma are
Relativistic Heavy-lon Collisions

o - final detected
Relativistic Heavy-Ion Collisions particle distributions
Kinetic e

freeze-out _—

Hadronization __— ="l v
Initial energ: " & v
dans‘hf o

|

Q6P phase

3
i
3
3

v

ot

AP N
i

'y

collision
ovedap one

pre-
equilibrium N b rad e
_dynamics | VISCTNGLLY CroCyTjamic - free streaming
collision evelution -

t«0fmic T~1fm/c Tt ~ 10 fm/e T ~ 101 fm/c

«O» «Fr «E»>» <

acv
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Relativistic Heavy-Ion Collisions SR IFUSP

The experimental way of studying the Quark-Gluon Plasma are
Relativistic Heavy-lon Collisions

oot - final detected
Relativistic Heavy-Ion Collisions particle dfstributions
Kitetiz i
frieze-iut _—
o Hadrorizetion ___— T
Initial energy JE—
dens‘hf_ il

s

3
)
3
3

¢ Hadrer
as

Q6P phase

L4

ot

o Sl e aEA
.

A

collision
ovedap Tone

pre=
equilibrium . Frdrad .
_dynamics | ""_SCC"-'S ydrodynarmics " freestreaming
callision evolution -

t~0fmic Tt~1fm/c Tt ~ 10 fm/e T ~ 1017 fm/c

«4O>» «Fr «E>» « wa
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Relativistic Heavy-Ion Collisions SR IFUSP

The experimental way of studying the Quark-Gluon Plasma are
Relativistic Heavy-lon Collisions

o g e final detected
Relativistic Heavy-Ton Collisions particle dfstributions
Kinetic P =
freeze-out

it Hadmm:cﬁin_f_-—" 48
inimal energy -
density ol

=

3
)
3
3

v

/

collision
ovedap rone

pre-
equilibrium . hednod . |
_dynamics | ""_SCC"-'S ydrodynamics . _free streaming
callision evelution -

t«0fmic T~1fm/c T ~ 10 fm/e T ~ 101 fm/c

«O» «Fr «E»>» <

acv
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JEWEL SRIFUSP  HepiC

JEWEL?<(Jet Evolution with Energy Loss)

@ Eur.Phys.J. C74 (2014) 10.2,2762
[arXiv:1212.1599]

b JHEP 1303 (2013) 080 [arXiv:0804.3568]

€ arXiv:1707.01539
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JEWEL SRIFUSP  HepiC

JEWEL?<(Jet Evolution with Energy Loss)
® Runs with PYTHIA;

@ Eur.Phys.J. C74 (2014) 10.2,2762
[arXiv:1212.1599]

b JHEP 1303 (2013) 080 [arXiv:0804.3568]

€ arXiv:1707.01539
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JEWEL skiFusP  ghepic

JEWEL?<(Jet Evolution with Energy Loss)

® Runs with PYTHIA;

® Based on BDMPS-Z
formalism;

@ Eur.Phys.J. C74 (2014) 10.2,2762
[arXiv:1212.1599]

b JHEP 1303 (2013) 080 [arXiv:0804.3568]

€ arXiv:1707.01539
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JEWEL skiFusP  ghepic

JEWEL?<(Jet Evolution with Energy Loss)

® Runs with PYTHIA;
® Based on BDMPS-Z
formalism;

® Perturbative and minimal
in assumptions;

@ Eur.Phys.J. C74 (2014) 10.2,2762
[arXiv:1212.1599]
b JHEP 1303 (2013) 080 [arXiv:0804.3568]

€ arXiv:1707.01539
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JEWEL SRIFUSP  HepiC

JEWEL?<(Jet Evolution with Energy Loss)

® Runs with PYTHIA;

Based on BDMPS-Z
formalism;

Perturbative and minimal
in assumptions;

Implements the LPM
effect; i

@ Eur.Phys.J. C74 (2014) 10.2,2762
[arXiv:1212.1599]

b JHEP 1303 (2013) 080 [arXiv:0804.3568]

€ arXiv:1707.01539
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SRIFUSP  g¥Hepic

JEWEL

JEWEL?<(Jet Evolution with Energy Loss)

® Runs with PYTHIA;
® Based on BDMPS-Z
formalism;

® Perturbative and minimal
in assumptions;

® |Implements the LPM
effect; i
® Allows differential and

geometric treatment(jet
shape);

@ Eur.Phys.J. C74 (2014) 10.2,2762
[arXiv:1212.1599]
b JHEP 1303 (2013) 080 [arXiv:0804.3568]

€ arXiv:1707.01539
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JEWEL SRIFUSP  HepiC

e First, a pair of partons is generated in PYTHIA;

e JEWEL then propagates these partons in a dense and hot
medium;

® Once the partons leave the medium, the event is handed back to
PYTHIA for hadronization;

4O0r «FPr «=)>» «=E)r» El= QR
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JEWEL SRIFUSP  @hepiC

In its default:

P —4/3
G(X’y’ b, T) = 6(X7ya b, TI') (_)
T

1

and

1

~1/3
T(Xaya b, T) (&8 61/4(Xay7 b, 7-I') (1)
-

1O (> (E> JE> E[= HAE
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Bjorken SRIFUSP  ghepic

A variant of the Bjorken model is used. The (proper)time dependence

is given by
N\ 4/
6(vaa ba T) = G(vav ba 7—i) (_>
Ti
and 13
1/4 N T
T(x,y,b,7) x e/*(x,y, b, ;) (—)
T

4O0r «FPr «=)>» «=E)r» El= QR
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SRIFUSP  #¥HepIC

v-USPhydro

Objective, solve the conservation equation equation:
OuTH +T5, T =0 (1)
Where:
T =(e+p+Mu"u” —(p+ Mg ()

Where € is the local energy density, p is the local pressure in terms of
€ according to an equation of state, and I1 is the out-of-equilibrium
term.

4O0r «FPr «=)>» «=E)r» El= QR
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v-USPhydro SIRIFUSP  S¥HEPIC

The method employed, Smoothed Particle Hydrodynamics requires

the definition of a reference density:
Ou(ryout) =0 (3)

With this definition, the equations of motion, then become:

40r «FPr «=)>» «=)r» El= QR

May 2nd 2020 18 /29
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v-USPhydro SRIFUSP  ghepic

The method employed, Smoothed Particle Hydrodynamics requires

the definition of a reference density:
Ou(ryout) =0 (3)

With this definition, the equations of motion, then become:

«O> «F>r» «E>» «E>» E|= QA
May 2nd 2020 18 /29
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v-USPhydro SRIFUSP  gHePIC

Smoothed Particle Hydrodynamics

Nspy

YO — 0" = Z vaW(r —ro(7); h] (5)
a=1

where o is a local density, 7 is the proper time and -y is the relativistic
boost factor. The generalized current is:

NSPH dra(T)

P = > v T Wi ro(r)i ©)

a=1

4O0r «FPr «=)>» «=E)r» El= QR
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v-USPhydro SRIFUSP  gHePIC

For densities associated with extensive quantities we have:

Nspy
arr) =S v 20l yr )i (7)

A 0)

4O0r «FPr «=)>» «=E)r» El= QR
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v-USPhydro SRIFUSP  ghepic

The evolution equations for the SPH “particles” then become:

((e+p+ﬂ)a )
U —Uj o =
dr Oa ’

Nspr
T3 e (“’*”)M(”’;J ”)“) oWl — ()] (8a)

2
o a
2OAO.H @
d
dr

et (0.0 (e w

A4O0r 4F>r «E>» «E)>» E|l= Q™
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Smooth Glauber? SRIFUSP  hepic

n(b,x,y) = Ta(x — g,y) (1 —exp (—UNNTB(X + ga}/)))
(

b b
+ Te(x+ 5,¥) (1 —exp | —onn Talx — 5#)))

2

3JEWEL Default

A4O0r «FP «=)>» «=E)r» El= QR
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Smooth Glauber? SRIFUSP  griepic

n(b,x,y) = Ta(x — g,y) (1 —exp (—UNNTB(X + ga}/)))
2
(

b b
+ Te(x+ 5,¥) (1 —exp | —onn Talx — E,y)))

Where:
T(x,y) = / dzp(x,y, z)

And p is the Woods-Saxon potential.

3JEWEL Default

A4O0r «FP «=)>» «=E)r» El= QR
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Smooth Glauber SRIFUSP  gHePIC
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TrENTo SIRIFUSP  ¥HEPIC

TrENTo?
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TrENTo SIRIFUSP  S¥HEPIC

TrENTo?

® parametric model based on Glauber;
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TrENTo

TrENTo?

® parametric model based on Glauber;

® includes fluctuations event-by-event;

FFHEPIC

F.M. Canedo Jet Quenching in Relativistic Heavy-lon Collis
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FFHEPIC

TrENTo

TrENTo?

® nucleon positions are generated according to a Woods-Saxon
potential;

F.M. Canedo Jet Quenching in Relativistic Heavy-lon Collis May 2nd 2020 24 /29



TrENTo SIRIFUSP  SHEPIC

TrENTo?

® nucleon positions are generated according to a Woods-Saxon
potential;

® they collide with probability
P =1—exp(og [ dxdy [dzpa [ dzpg);

A4O0r «FP «=)>» «=E)r» El= QR
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SRIFUSP  ghepic

TrENTo

TrENTo?

® nucleon positions are generated according to a Woods-Saxon
potential;

® they collide with probability
P =1—exp(og [ dxdy [dzpa [ dzpg);

® the protons that do collide are kept and compose the thickness
function Tpy;

A4O0r «FP «=)>» «=E)r» El= QR
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TrENTo SRIFUSP  ghepic

TrENTo?

nucleon positions are generated according to a Woods-Saxon
potential;

they collide with probability

P =1—exp(og [ dxdy [dzpa [ dzpg);

the protons that do collide are kept and compose the thickness
function Tpy;

oL TP\ 1/P
the thickness functions are combined through f = (%) ;

40r «FP «=)>» «=)r» El= QR
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Frame Title SRIFUSP  ghepic

. (T;\’Jr T§>1/"
2

10 fm

p=-1

2 arXiv:1412.4708 [nucl-th]
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MC_KLNB ?U‘%H:USP FHEPIC

® Based on CGC with kt factorization:

® Has a physical mechanism;

@ arXiv:0707.0249 [nucl-th]
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MC-KLN

Cross-section for gluon interaction:

o~ Oés(Qz)?TI’g2, ~ a5(02 %
A T
71'_['_\’30 = OKS(QZ)@ ~1

¥ =In1x

Dilute system

— @

L

In G2

F.M. Canedo Jet Quenching in Relativistic Heavy-lon Collis
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MC-KLN SRIFUSP  ghepic

Gluon distribution function:

Qf(l _X)4 ( nﬁart(XJ-’:tb) )

as max(Q2, k%-) Ta(x+£b/2,y)

d? PT 2
dXTdY /d k-,-as(kT)

%_
><¢+<1?>T+1<T > (pT_kT) ,XT)

o+ (k¥ xT) =

A4O0r 4F>r «E>» «E)>» E|l= Q™
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% .
MC-KLN SIRIFUSP  ¥HEPIC
Energy density:

dNg ] (4/3)

e(xT, b) = const x {m

«40>» «F» «E» « =
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Jet Observables SRIFUSP  @HePIC

The observables chosen
were the following:
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Jet Observables SRIFUSP  @pHePIC

2
Migt = /Pjet" Piet . = E2 — § B
ljet jet " Pjet t !
\V W < je -

The observables chosen
were the following:

® Mass;

@ Hadronization
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Jet Observables SRIFUSP  @pHePIC

2
Migt = /Pjet" Piet . = E2 — § B
ljet jet " Pjet t !
\V W < je -

The observables chosen
were the following:

® Mass;

@ Hadronization
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Jet Observables SRIFUSP  @pHePIC

2
Migt = /Pjet" Piet . = E2 — § B
‘Jet ‘jet” Pjet t i
V " < je -

The observables chosen -
were the following:

® Mass;

| Large Mass Jet
|
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Jet Observables SRIFUSP  gHePIC

The observables chosen
were the following:

® Mass; S pTAR;
* Girth; 8=~ T
Py

40r «FPr «=)>» «=)r» El= QR
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Jet Observables SRIFUSP  gHePIC

The observables chosen
were the following:

® Mass; \/7T2
* Girth; 2P

® Dispersion;

40r «FPr «=)>» «=)r» El= QR
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Jet Observables SRIFUSP  gHePIC

The observables chosen
were the following:

® Mass;
® Girth;
® Dispersion;

® Vv

4O0r «FPr «=)>» «=E)r» El= QR
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Jet Observables SRIFUSE  epiC

The observables chosen

were the following:
® Mass; 6

® Girth;

® Dispersion;
Following arXiv: 1509.07334, we

° v, .
generalize:

® Xy

h h
Vchjet ChJet) _ ™ Nm(pC Jet) _ Nout(P%— ]et)
4 Nin ChJet) + Nout( ChJet)

A40r 4F>r «E>» «E>» E|l= Q™
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Jet Observables SRIFUSE FHepic

In out
The observables chosen o In
were the following: \
® Mass; o f R

® Girth:

* Dispersion; Following arXiv: 1509.07334, we

® Vp; generalize:
® Xy

h h
VchJet ChJet) _ i Nln(pc JEt) - Nout(p;' ]et)
4 Nm %—hjet)‘i‘ Nout( chJet)

A4O0>r 4Fr «E>» «E>» E|l= Q™
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