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It is 2018. What have we learned?
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Nuclear modification factor
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* Charged hadrons (colored probes) suppressed in Pb—PDb
* Charged hadrons not suppressed in p—Pb at midrapidity

* Electroweak probes not suppressed in Pb—Pb
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Nuclear modification factor R
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e Electromagnetic probes — consistent with no modification — medium
IS transparent to them
e Strong probes — significant suppression — medium is opague to
them - even heavy quarks!
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Jet RAA
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« Jet R,, also demonstrates suppression
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Fragmentations from y-hadron
correlations
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* Enhancement at low z

* Slight suppression at high z
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Modified fragmentation

Fragmentatlon functlons W|th jets
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Di-hadron correlations
[Lots of papers]

Jet shapes
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What is a jet?

Christine Nattrass (UTK), CIPANP 2018

23



What is a jet?

A measurement of a jet is a
measurement of a parton.
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What is a jet?

ptp — dijet

CMS Experiment at LHC, CERN

( MS Data recorded: Fri Oct 5 12:29:33 2012 CEST

Run/Event: 204541 / 52508234
. | Lumi section: 32
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What is a jet?

ptp — dijet

CMS Experiment at LHC, CERN

( MS Data recorded: Fri Oct 5 12:29:33 2012 CEST

Run/Event: 204541 / 52508234
. | Lumi section: 32

A1l

“I know 1t when I see 1t”

US Supreme Court Justice Potter Stewart,
Jacobellis v. Ohio
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Jet finding in pp collisions

 Jet finder: groups final
state particles into jet

5 A } candidates
Cobr = Jet 1
A== - — Anti-k; algorithm
/ T: \EJJI]—IEP 0804 (2008) 063 [arXiv:0802.118
scattering ;‘S:‘f‘egw; -“ &
o~ } 12 o Depends on hadronization

\ VAN J P
Pavion W IdeaIIy

IDateien/Zeppenteld-3 pdf

- Infrared safe
— Colinear safe

Snowmass Accord: Theoretical calculations and experimental
measurements should use the same jet finding algorithm. Otherwise
_they will not be comparable.
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A jet Is what a jet finder finds.
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Jet findingin AA collisions

 Jet finder: groups final state
particles into jet candidates

} Jet 1 - Anti-k algorithm
THEP 0804 (2008) 063 [arXiv:0802.1189]

* Combinatorial jet candidates

scattering AR R .
s } etz * Energy smearing from
g background
AN v AN v J
o S Hadronization . Sensit.ive to. m;thods to suppress
combinatorial jets and correct
energy

* Focus on narrow/high energy jets
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Background is a solved problem.
— Unnamed

Christine Nattrass (UTK), CIPANP 2018
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o

Wiki: “A white elephant is a possession which its owner cannot dispose of and whose cost,
particularly that of maintenance, is out of proportion to its usefulness.
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Workshop on the Definiti | (

https://www.bnl. gov/Jet§ 8 n.\ dex.
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https://www.bnl.gov/jets18/index.php

We don't fully
understand the
background
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ATLAS

Background subtraction method:

* |terative procedure

— Calorimeter jets: Reconstruct jets with
R=0.2. v, modulated <Bkgd> estimated

Track jets: Use tracks with p>4 GeV/c

by energy in calorimeters excluding jets LHC Runt Data; PbPb (0-10%) (s, = 276 TeV arXiv:1705.01974
. . K T T I T T T T | T T T T | T T T T ]
Wlth at IeaSt one tOWGr Wlth 1.4 CMS 1609.05383 ALICE PLB 746(2015) 1-14 ]
Etower <Etower> @ JR=02 T R=02 .
1.2 Ce1R=03 ATLAS PRL 114(2015) no.7 T
[781R=04 = i

— Calorimeter jets from above with E>25
GeV and track jets with p;>10 GeV/c <08

used to estimate background again.

* Calorimeter tracks matching one track
with p>7 GeV/c or containing a high

energy cluster E >7 GeV are used for

analysis down to E,, = 20 GeV 000 200 300 200
Jetp, [GeViel  Constituent
biases don't
But they do matter matter that

Phys. Lett. B 719 (2013) 220-241 down here! much up here
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ATLAS

Background subtraction method:

* |terative procedure

— Calorimeter jets: Reconstruct jets with
R=0.2. v, modulated <Bkgd> estimated

by energy in calorimeters excluding jets LHC Runi Data; PbPb (0-10%) (s = 276 TeV arXiv:1705.01974
. . B T T I T T T T | T T T T | T T T T

Wlth at IeaSt one tOWGr Wlth 1.4 CMS 1609.05383 ALICE PLB 746(2015) 1-14

E <, > = -

tower tower

Track jets: Use tracks with p>4 GeV/c

— Calorimeter jets from above with E>25
GeV and track jets with p;>10 GeV/c <08

used to estimate background again.

* Calorimeter tracks matching one track
with p>7 GeV/c or containing a high

energy cluster E >7 GeV are used for

analysis down to E,, = 20 GeV 000 200 300 200
Jetp, [GeViel  Constituent
biases don't
But they do matter matter that

Phys. Lett. B 719 (2013) 220-241 down here! much up here
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Different jets are different.
— Rosi Reed
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What you see depends on where you

look

O I L B L
- CMS Preliminary L
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JHEP10(2012)087
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N C E
0.5F -
- Jet p, > 100GeV/c .
[ T T T T T T T N T T B Y A B L]
0 0 1 2 3 4 5
/ & =1In(1/z)
High p_ " pTIEjEt Low p,

Christine Nattrass (UTK), CIPANP 2018

41



What you see depends on where
vou look

| y-tagged jets 5.02 TeV_

Al_ i
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O i i
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'-% ‘ (0-1 0% / 30-400/0)

—h
I I:hl T I.
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0.8
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1 10 10°
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What should we measure?
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What should we measure?

“"I"

Jupiter and the Monkey

Jupiter promised a royal reward to the one
whose offspring should be deemed the
handsomest.

The monkey came with the rest, and presented
a flat-nosed, hairless, ill-featured young monkey. z

A general laugh saluted her on the presentation
of her son.

She resolutely said; "He is at least in the eyes of \
me, his mother, the dearest, handsomest, and T
most beautiful of all."

http://aesopsfables.org/F9_Jupiter-and-the-Monkey.html
_Abbreviated
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Blind men and the elephant
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What should we measure?

< ALICE CMS

o£72. D HEI0-5% = Phys. Rev. C 93 (2016) 034913  [@0-5% h” EPJC 72 (2012) 1945
L * Phys. Rev. C 93 (2016) 034913 [£]0-10% v PLB 710 (2012) 256

Phys. Rev. C 93 (2016) 034913 [¥]0-100% W- Phys. Lett. B 715 (2012) 66

JHEP 03 (2016) 081 [#10-100% Z JHEP 03 (2015) 022
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What should we measure?

52-4 [ALICE CcNS
o 22 L I710-5% =~ Phys. Rev. C 93 (2016) 034913 [@]0-5% h™ EPJC 72 (2012) 1945
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[{£10-5% p,p Phys. Rev. C 93 (2016) 034913 [¥]0-100% W- Phys. Lett, B 715 (2012) 66
- [#0-10% D JHEP 03 (2016) 081 [#10-100% Z JHEP 03 (2015) 022

Pb+Pb S,y = 2.76 TeV

60 70 80 90 100
pT(GeV/c)

0.4
¥0-12% Au+Au, PRC 80 (2009) 64912 + NSF v v,

#0-20% Central d+Au, PRL 91 (2003) 072304
0.3 #kp+p, PRL 91 (2003) 072304
= arXiv:1801.09131

0.2 +

(1/N)dN/dAd
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What should we measure?

L ALICE
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What should we measure?

Everything
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We don't fully We need to
understand the look at the
background whole picture
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What should we measure?

Everything

...but we don’'t know which
observables are most sensitive.
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It is 2018. What have we learned?
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It is 2018. What have we learned?

* Qualitative confirmation of our model
for partonic energy loss
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for partonic energy loss

« Reasonable constraints on ¢

- Using mostly hadron spectra
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It is 2018. What have we learned?

* Qualitative confirmation of our model
for partonic energy loss

e Reasonable constraints on 61 WENEED TO QUANTITATIVELY UNDERSTAND
- PARTONIG [H[IIG"H[I]SSﬂ.IH THE..
- Using mostly hadron spectra ® of

* \WWe have not gotten many
guantitative constraints out of other
observables.
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It is 2018. What have we learned?

* Qualitative confirmation of our model
for partonic energy loss

« Reasonable constraints on ¢
- Using mostly hadron spectra

* \WWe have not gotten many
guantitative constraints out of other
observables.

* We don't truly know if they are
actually sensitive to the physics we
want to measure.
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It is 2018. What have we learned?

* Qualitative confirmation of our model
for partonic energy loss

e Reasonable constraints on (A] WENEED TO QUANTITATIVELY/UNDERSTAND
PARTONIC ENERGY/LOSS/INTHE-. .

- hr\

- Using mostly hadron spectra

* \WWe have not gotten many
guantitative constraints out of other
observables.

 We don't truly know if they are

actually sensitive to the physics we IET GHﬂﬂMINGi -

want to measure. AL

 Theoretical calculations sensitive to
things we might not have under
control.
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We don't fully We need to We don’t know We haven't

understand the  look at the which observables a5 rned that
are best

background whole picture much from jets
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The way forward

* Understand bias and background

- What you see depends on what you look for
- Listen to the data — not what you want to hear

 Make quantitative comparisons to theory

- Need realistic models where we can apply experimental
methods to models

« Make more differential measurements
- But figure out which observables are most sensitive

I\t

JETILAFE
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