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ubstructure and N-subjettiness

Jet Substructure

why substructure?

we want to be able to distinguish between
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Jet Substructure and N-subjettiness

Jet Substructure

why substructure?

we want to be able to distinguish between

_ ad =———

that is, we want to be able to say

Zﬂwé = M + splitting /hadronisation
@666666@&%% = 000000000000000" + splitting/hadronisation

this significantly improves searches involving heavy boosted objects
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1ibstructure and N-subje

Jet Substructure

case study: the Higgs [Butterworth, Davison, Rubin, Salam]
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Jet Substructure and N-subjettiness

N-subjettiness

definition .
Ty = nmln g min{n; - Pj,.-.,NN 'pj}'
1,
jeJ

= Thh<Th = T/h<l
mi mi)

(7—2 2E,  2Es

— TRT — T/Ti~l
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Jet Substructure and N-subjettin.

N-subjettiness

definition

N1y, N
jeJ

how it’s used [Thaler, Van Tilburg|

o Ty €1 = jet with < N subjets g 0.08
o Tv >0 = jet with > N subjets  §,,

® Tn/N—1 = Tn/Tn-1 good for
identifying boosted heavy objects

Tn = minNZmin{nl “Pjy-- NN 'pj}-

65 GeV < m < 95 GeV

—W jets
—— QCD jets
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Results

do
for a boosted Z with py = (y/Q? 2.0,0,Q):
T or a booste with pz = (1/Q? + m3, Q)

Pythia vs. N’LL/NNLL ]
Q=0GeV _
— Q = 1000 GeV

[N
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Thank you

Thank you!
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Correcting for ISR/UE and Cone Effects

Corrections

can we apply this calculation to LHC scenarios?
in real life:
@ we put cones around our jets
e initial states can radiate (ISR)
e complicated interactions happen when protons collide (UE)

e final states radiate into our jet (FSR)

we will show that these effects can be dealt with in the large ) limit
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Corrections: Cone Effects

cone effects ~ 1/Q

effects of cone get suppressed in large ) limit
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/UE and

Corrections: Cone Effects

cone effects ~ 1/Q

effects of cone get suppressed in large ) limit
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Correcting for ISR/UE and Cone Effects

Corrections: ISR/UE/FSR
radiation not from the Z (ISR/UE/FSR)

Q=00 = nf;fnuo(%) — (o~ Tisry.. ~1/QTs
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Correcting for ISR/UE and Cone Effects

Corrections: ISR/UE/FSR
radiation not from the Z (ISR/UE/FSR)

Q=00 = nf;g:nuo(%) — (o~ Tisry.. ~1/QTs

1-subjettiness
T :Inanpj-n:n-PJ
JjeJ

if no UE/ISR/FSR
Ti=n P;=1\/Q+m%-Q

so At = T1 — 71 measures amount of jet contamination
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ng for ISR/UE and Cone Effects

Corrections: ISR/UE/FSR
radiation not from the Z (ISR/UE/FSR)

Q—Mn:$74fzw+f%%§>:i(ﬁ—7nmmmNVQﬁ

1-subjettiness
T :Inanpj-n:n-PJ
JjeJ

if no UE/ISR/FSR
Ti=n P;=1\/Q+m%-Q

so At = T1 — 71 measures amount of jet contamination

define a new observable

T-Ti+Ti Ta—Ar

To1 = ==7 A — (msrue~1/Q

(Harvard University
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Results 11

how well does 197 work?
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Results 11

how well does 197 work?

7 T T T T T T T
Cone & ISR/UE Effects

6 s Baseline ]

5 s Pythia, Q = 500 GeV

[mje— mz| < 10 GeV
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Results 11

how well does 197 work?

7 T T T T T T T
. Cone & ISR/UE Effects

Baseline
Above + R=1.0

Pythia, Q = 500 GeV
[mjer— mz| < 10 GeV
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Results 11

how well does 197 work?

7 T T T T T T T
Cone & ISR/UE Effects
6 s Baseline ]
5 [ Above + R=1.0
:' —— Above + ISR/UE
! do af Pythia, Q = 500 GeV
1 ! e~ mz| < 10 GeV
od T21 3 [
2
1t
0 L 1
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Results 11

how well does 197 work?

7 T T T T T T T
Cone & ISR/UE Effects
6 a Baseline ]
"""" Above + R=1.0
—— Above + ISR/UE
— Above + AT

Pythia, Q = 500 GeV
o= mz] < 10 GeV
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Results 11

how well does 197 work?

7 T T T T T T T
Cone & ISR/UE Effects
6 a Baseline ]
[ Above + R=1.0
St —— Above + ISR/UE
4b — Above + AT ]
ldo ¢ Above + At > AT’
ocdty 3L Pythia, Q = 500 GeV ]
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2F ]
1F ]
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Results 11

how well does 197 work?

7 T T T T T T T
Cone & ISR/UE Effects
6 a Baseline ]
[ Above + R=1.0
> E —— Above + ISR/UE ]
4 _ —— Above + At ]
ldo ¢ Above + At > AT’
ocdty 3L Pythia, Q = 1000 GeV ]

[mjer— mz| < 10 GeV
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Results 11

how well does 197 work?

7 T T T T T T T
Cone & ISR/UE Effects
6 g Baseline ]
5 [ Above + R=1.0
E —— Above + ISR/UE
4 _ — Above + AT 1
1do 7t — Above + At — AT’
odry 3f N3LL Calculation
Pythia, Q = 1000 GeV
2F ul [mje;— mz| < 10 GeV ]
r e
1k B ]
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Thank you

Thank you!
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Q Scaling

effect of adding ISR/UE with A7 correction go like 1/Q
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Width Effects

6 a Baseline ]
[ Above + I'+0 + R=1.0
5;_ — — — Above + AT’ ]
4 _ Above + ISR/UE
1do Pythia, Q = 1000 GeV
odty 3f [mjer— mz| < 10 GeV
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Extra Slides

Signal vs. Background

Signal vs. Background in Pythia
(Q =500 GeV, [mje— mz| < 10 GeV)

T T T : . .
P Signal
Signal + AT’

St Background ]
1 do 4F .'"'n Background + A7'
o dTZ/l 3 E

2 ]

1 ]

0
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Extra Slides

Signal vs. Background

Signal vs. Background in Pythia
(Q = 1000 GeV, [mje— mz| < 10 GeV)

T T T T T T
G T Signal
Signal + AT’
5k Background 1
1 do 4f - Background + A7'

a dTZ/l
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Extra Slides

Q-scaling
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Extra Slides

non-perturbative shift from thrust

Pythia vs. NNNLL Calculation (NP Shift)

Q=0GeV
201 — Q= 1000 GeV

1 do

od T2/1 10

T2/
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