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Jets quench — but how?
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Substructure
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Jet mass
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Substructure

Subjets with momenta p1+, p2*

Momentum Sharing

min(PT 1, PT 2)

Zg:

gr i P2
Better cancellation
Groomed Jet Mass of systematics
M7 = p1, b Mass scales with

b jet pr In vacuum
We measure ==

jet
D




How do we do It7



-irst, we find a good et

@

Particle Flow

anti-kt

Ro = 0.4
Jet pr > 140 GeV

Talk by Chris McGinn Wed 11:50
Constituent Subtraction

Remove average
expected energy from
underlying events

MMDT / Soft drop Grooming
Further cleans up jets

Requires subjet separation AR42 > 0.1
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MMDT / soft drop grooming

Soft drop condition: z; = ;
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Grooming Settings

(Zcu’[ — 01, B - OO)

Angle-independent

Good theoretical
properties

"Flat grooming"
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AR

1

(Zcut — 05, B - 15)

Stronger grooming
at large angle

More resilient to large
angle soft radiation

"Jet core”

Comparison between the two can tell us something interesting
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Analysis Strategy

POPb vs. smeared pp

Smeared pp = what we would have gotten if PbPb
events were simply superposition of pp jets and PbPb
minimum bias events
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Smearing

Momentum sharing zq Groomed mass Mg/PTjet

op VS embedded pp

l event mixing:
op + PbPb background
smearing matrix l
l subtraction and grooming

apply on data

Internal cross check: the two methods
give consistent zg result
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Results



Data vs MC In pp collisions

(Zcut D B — 0.0)

(Zcut = (e B — 0.0) (Zcut =1 (0.9, B — 1.5)
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MC generally describes data well
Pythia tends to have smaller amount of hard radiation
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(Zcut = 0.5, B = 1.5): core of the jet

PbPb 404 ub (5.02 TeV), pp 27.4 pb™ (5.02 TeV)

o CMS e Coamiis Jet Pt = 160-180 GeV
s0F e PbPD 16O<pT’jet<A1F;31(2)Z‘;g\;
N " E Different centrality ranges
50 i 0-10% E
s i% SSSS S Y% -
@ Z|2 o \ e £ e ST,
10[— —
O | o : Good agreement between
R O A
D - B ; PobPb and smeared pp
10— —]
0 :
O .
= E
| |m1 ]
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(Zcut = (o8 B o | .5)2

core of the |et

More peripheral

<

PbPb
Smeared pp

PbPb 404 ub (5.02 TeV), pp 27.4 pb™ (5.02 TeV)

CMS anti-k; R = O4|7]|<13_

SoftDropz t_05 [3 1.5 —
AR, >0.1 7
== Data 16O<pT <180 GeV _

|||\\|I

| |\\| |

Jet Pt = 160-180 GeV

Different centrality ranges

Good agreement between
PbPb and smeared pp

17




Zcut = 0.5, B = 1.5): core of the |et

PbPb 404 ub (5.02 TeV), pp 27.4 pb™ (5.02 TeV)

w0 CMS e oo s 10% most central events
30%_ & gbngred Centralﬁﬁ 15?00"/: é .
£ E Different energy ranges
- u :
;%10:_ | WW@14O<pTJGt<1GO GeV_E
5| 3T = o No significant modifications
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(Zcut = 0.5, B = 1.5): core of the |et

A
__ PbPb 404 ub™” (5.02 TeV), pp 27.4 pb™' (5.02 TeV)
- anti-k: R m | < -
15-CMS e e is 10% most central events
- AR,,>0.1 |
- &= Data | Centrality:102-10% .
b v (el on E Different energy ranges
o dewel : Jy faig
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5| &8 & o No significant modifications
D |5 Loy 160<py, <800y 77 to the core of the jets
G S 180<p  <200GeV " -
1 o - Generators tend to
L S . S .
| : predict large modification
0y
Gl
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Shape in JEWEL / Q-Pythia

......... ReCOi Off
Recoll on

/>pp

Partons lose energy
— pbulk moves to
smaller mass
compared to

O
a8
O
0
ungroomed jet Pt g

It there Is large amount
of broadening, mass will
iIncrease and ratio drops

Therise in large
mass tail Is due to
the recoll particles
scattered at larger

angles

Mg / OT, jet
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Zcut = 0.1, B = 0.0): flat groomin

Iy
PbPb 404 ub™ (5.02 TeV) pp 27.4 pb' (5.02 TeV)
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Zcut = 0.1, B = 0.0): flat grooming

More peripheral
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PbPb
Smeared pp
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Zcut = 0.1, B = 0.0): flat grooming

Higher jet pr

dN

B anti-k; R=0.4,Im 1<1.3
- CMS Soft Drop z_ = 0.1 fetﬁ =0.0 -
150 AR,,> 0.1
~ == PbPb Centrality: 0-10% =
- NN Smeared pp -
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u T,jet . _|
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% 0.1 0.2 A~

Mg f pT.iet

PbPb 404 ub™ (5.02 TeV), pp 27.4 pb™' (5.02 TeV)

\\

\\

10% most central events

Different energy ranges

Modification diminishes
with higher et energy
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(zcut = 0.1, B = 0.0): flat grooming

’
PbPb 404 ub™ (5.02 TeV), pp 27.4 pb™' (5.02 TeV)
CCMS M R=04n 1<13 - 10% most central events
- SoftDropzt_O1 [3 0.0 -
20__ atla en ra|AR12>01 : :
- T el (Recoiloffy oY 0710% - Different energy ranges
- e Jewel (Recoil on) -
10—_ .............. QPythia -
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51 &8 S PE with higher jet energy
-Iq—)J D'GE) i 160<p <180 GeV ﬂ;
Bl D e St P =
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o T s e 2 et e = e .
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& Jet
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Zcut = 0.1, B = 0.0): tflat grooming

PbPb/pp

PbPb/pp

|y = 5:02 TeV, pp 27.4 pb', PbPb 404 ub™

Centrality: 0-10%
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Generator tend to predict
large modification

JEWEL generator

Multiple medium-induced gluon bremsstrahlung (coherent)
Soft collinear effective theory: modified gluon splitting function
Higher twist calculation
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1o summarize...



summary

Jet mass and splitting function measurements with
substructure technigues in pp and PbPb collisions
with the CMS detector at the LHC is presented
using 5.02 TeV data

We see no modification for the mass of the core
of the jet In PbPb

For the flat grooming setting, some modification
'S seen for zg and to a lesser extent jet mass

dN

PbPb 404 ub (5.02 TeV), pp 27.4 pb' (5.02 TeV)

- CMS

— Supplementary SoftDropz  =0.1,=0.0

—& PbPDb

~A~ Smeared pp 140 < Py < 160 GeV

anti-k; R = 0.4, Injetl <13

AR,,>0.1 |
Centrality: 0-10% —

§
N\

AN
R N \ W AR N
N

N\
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Different grooming settings

0.7

2 No significant modification for
é%‘— (Zcut =8 L) B = 15)

st grooming setting

0.4

0.3F

0.2F

0.1

Some modification for
(Zcut — 01, B — OO)
grooming setting

o

This region could be interesting!
Future analyses might tell us more

0 005 0.1 0.15 0.2 025 0.3 0.35 04 045 0.5

AR
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Thank you!
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Redistribution of Energy
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Probability of having a subjet consist of redistributed
energy Is Increased In central events
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N M N

Expect enhancement of jets with
large groomed subjet separation (AR ~ 0.3)
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Systematic Uncertainties

CMS Preliminary
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MMDT / soft drop grooming

Soft drop condition: z =

Look at the

min(pr1,pT2)

Pr1 +PT2

subjet pair

Pass soft

>drop condition?

Decluster

NO

linto two subjets 4

Discard

softer subjet

- I Done
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I'he strategy

Medium
Modification

Medium
Particles

Reconstructed
jets

Reconstructed
jets
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I'he strategy

Medium

Modification

smeared pp

Medium
Particles

Medium
Particles

Reconstructed
jets

Reconstructed

jets
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The strategy (validation)

Medium
Particles
Jets > .
jets
................. embedded pp BEVECIVuNEN.
Smeared pp Particles

\ Reconstructed
jets
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