Jet Mass Spectrum for
Groomed and Ungroomed
lop Jets

;‘;

Iain Stewart
MIT

based on: Hoang, Mantry, Pathak, IS (1708.02586 + ongoing work)

Sante Fe Jets and Heavy Flavor Workshop
January 2018



Outline

0.012 -

do
® Motivation for Studying Top Jets: M
Top Mass from Jet Mass measurement
Quantify Soft Effects 2 o TT0¢|) | MPC
v (i) =
1€J T | Twmll T e s s

® Factorization Theorems: Ungroomed and Groomed

® C(Calibration of Monte Carlo and Comparisons

® Conclusion



The Top Quark is Special

® Llargest Mass m; = 173 GeV wms» Largest Higgs Coupling

t
Dominates Higgs Production ::>IE
t

® The only quark that decays before it binds into a hadron

TOP width I'n=14GeV > AQCD ~ 0.3 GeV
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Why should I care about a precision m; ?

e Stability of the Standard Model vacuum!

Higgs
potential

uncertainty dominated by 7714

Rapid instability

Metastability

176/

Absolute stability
(Planck—sensitive)

120 122 124 126 128 130 132

Butazzo, Degrassi, Giardino, Giudice, Sala



® Precision Electro-weak Measurements

Direct Measurements

S L Co
m ~ 68% and 95% CL contours
e 80.5 — "IN fit w/o M, and m, measuremen
E; - fit w/o Mw, m, and MH measurements
80.45 - direct M, and m, measurements
80.4 [ —

] —o0=076& 0.50tb“;c;év/

- My, world comb. = 1o
80.35 [— m,, =80.385 + 0.015 GeV

I 1 I | I | | I I
m, world comb. = 1o

my = 173.34 GeV
-- o0=0.76 GeV

\
N -

l]‘lllllllllr

‘.‘;11‘:--1-' '

80.3 [—
N e
80.25 — ¥
o
140 150 160 170 180 190
m, [GeV.

Gfitter group, 2014

Indirect
Global Fit

t



Heaviest known elementary particle.
As heavy as 180 protons!

Tevatron mt = 174.34 = 0.64 GeV
CMS m;=172.444+0.49 GeV
ATLAS mi=172.84 +0.70 GeV

measured from jets with help of
Monte Carlo simulations




Direct Reconstruction Methods (Tevatron & LHC)

b-jet
Kinematic Fit:

m; = p; = (psp +py1 +pr2)°

qet




L :

mP' m,, mMSR hadrons
Theory (QFT)
Simulation Ashower _ | (1oV/
(Monte Carlo) N
e
Experiment Definition ?

M

an additional uncertainty ~ 1 GeV
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Mass Definitions:
e Pole Mass > ‘ > X !

ﬁ B mi)ole

Mass that naturally appears in Breit Wigner.

Has a (renormalon) ambiguity Amfde ~ Aqcp

e MS Mass my

No Ambiguity. v Not compatible with Breit Wigner. X

e — _
my° " =1y + 0.4 agmy + ...

7éeV > =1.4GeV
e MSR Mass mMSR(R)  (Hoang Jain, Scimemi, Is,2008)

a mass which nicely interpolates
take R =1GeV Mpole @

No Ambiguity R > Aqcp v
Breit Wigner R ~ 1} v i

10 O ANaeo ™



Soft Effects in pp — ttX
MPI / Underlying Event

soft radiation

Hadronization hadrons




ppﬁtf

Soft Effects can be significant. eg. Jet Mass in Pythia
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Theory Issues for pp — ttX

jet observable

suitable top mass scheme for jets
initial state radiation

final state radiation

underlying event/MPI

color reconnection

parton distributions

sum large logs  Q > m; > T

hadronization

Production Energy

e Q=2 ~1TeV
—e 1N — 173 GeV

—e . ~14GeV

Agcp



First simplification:

® boosted top quarks, Q =2pr > my

enables us to be inclusive over decay products

Use EFT tools:
Q — 2pT ~ 1TeV

Soft-Collinear EFT (SCET)

My — 173 GeV
Heavy Quark EFT (HQET)
Ft ~ 1.4 GeV
factorization, logs,
aCtorization, 10g8s AQCD

non-perturbative effects



CMS Experiment at LHC, CERN Jets With S u bStru Ctu re

Data recorded: Sun Jul 12 07:25:11 2015 CEST
Run/Event: 251562 / 111132974

Lumisecton: 122 t - Wb— (ud)(b) = 3 prong jet

...

3-prong jet .



Theory Issues for pp — ttX

jet observable * First

suitable top mass for jets X eTe” — ttX
and the issues %

initial state radiation

final state radiation X
underlying event/MPI
color reconnection X

parton distributions

sum large logs Q) > m; > T x

hadronization %



Factorization for double jet-mass:  Fleming Hoang, Mantry, |5 (2007)

Hard F‘Hitions control over mass scheme
d?o l Q
(dMQ dM2 ) —_— O-OHQ Q :U”I’n m E l/l/my ,u) Answer
. Qe . Qr — :
X Jg (st — E’F’ om, ,u) JB (35— oot I, 5m,,u)5hemi(€— k.0 —k ,/L)F$, k')
QCD Hadronization
(boosted HQET) .
l Jet Functions Soft HOT}n?nt
Evolution and decay of top Function ciect 15 from
quark close to mass shell first moment
SCET 5 5 Perturbative Cross talk
n M7z —m . / /
_ M T<m Ql_/dkdkkF(k,k)

|

HQET

e P

n-collinear
jet

n-collinear
jet

soft particles



Factorization for double jet-mass:  Fleming Hoang, Mantry, |5 (2007)

d?o Q
t eml
. Qe . QY I ,
X Jg (st— E,F,ém,u)(}g (35— W,F,c?m,,u)shemi(é—k,é — k', ) F(k, k)
‘L Q€
MPe* ~ my + Ty (s + o +...)
1 | .
measure extract do .
this this dM

0.008 -

0.006 -

0.004 mt Mpe

0.002 /

172 el e 118 180




One application: Top Mass Calibration

Butenschoen, Dehnadi, Hoang, Mateu, Preisser, IS

MC + ... PRL 2016

Ty = My
W
determined by fit to common observable

-g—:z —_ f('fﬂ»g\.lsua as(TnZ)s Ql: Q’Za cos HMHH s Sy M R? 1)

any scheme non-perturbative renorm. scales finite lifetime
le —
mPC Ty, myR L boosted
_ —
ete™ — tt . _rfﬁo’
Theory (QFT) calibration N

Simulation
/ (Monte Carlo)
MC

My

eTe” — pp

Experiment
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Example from Fit
to Pythia8 Simulation:

Results:

® Depend on which QFT based
theory mass is used for fit.

® Provides uncertainties:

input: mM® = 173 GeV

mP°l® = 172.43 + 0.28 GeV
mMSR = 172.82 £ 0.22 GeV

350¢

300F

250F

200F ]
1505_ —— PYTHIA  (incompatibilty uncert.) :
—— Theory (NNLL perturbative uncert.)
100 e ey
0.1305 0.1315 0.1325 0.1335
L)
150 E_MSR, scheme at NNLL my ¢ = j
§ 173 GeV
100F 3
50F J ‘ | ;
0 : YR W WY TR (R U W W — | J'[ A' ] A a2 . :
171.5 172.0 172.5 173.0 173.5
m}"“R(1GeV)
150 _ pole scheme at NNLL -
100f ;
50F ;
0 : PRREPREEPREEPE W | l ¥ PP a_a 5 . :
171.5 172.0 172.5 173.0 173.5

pole
t



Calculate pp — i Theory (QFT) \
f Simulation
(Monte Carlo)

A/V

Experiment

boosted top:

DT > My )‘ b-jet
t — 9
jet mass
qet

M

21



Theory Issues for pp — ttX

jet observable * Jet Mass in Jet of radius R
suitable top mass for jets > % can handle with
initial state radiation % et veto SCET/HQET

final state radiation %k

underlying event/MPI & “contamination”

color reconnection X t

parton distributions > multiple channels

sum large logs Q> my >T %k

hadronization %



N-jettiness event shapes for hadron colliders

IS, Tackmann,Waalewijn (2010)
7'2 - mln Z mln{pjet (pza nt) /OJet (pza nt) Pbeam (pz)} i

ng,ng

= Tt + T, + T,peem beam

2
M7,

t

T =

gives jet-mass

7.0°™m gives jet-veto

Ungroomed Factorization Formula:  Hoang, Mantry, Pathak, IS (to appear soon)

d?o . .
cam tr [HQmS(IZ—Zbeamv R ®F ®JB & JB®II 0y ff
B / / [ PDFs
hard pert.soft hadronization / jnitial state
radiation

generalizes ee result to LHC same Jet functions!

23



Hadronization effects

0'35 [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ -I ] 0025_ [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ [ [ [ [ |
C pr>750GeV, R=1  «---- NLL perturbative J - pp — tt Ungroomed Fact.Thm. g
— 03:— m?Ole = 173.GeV — — Q1=O.4GGV,XZ=0.1 _: — 02—_ pr > 750GeV, R =1 7N ]
|> 025: — Q;=1.0GeV, x,=0.1 2 I> s / . J ]
CBO e — Q1:1;6_(}.6V,.X2=0.1_: 8 E ’ E
= 02f RN Tl 4 Zoasp h
S Ok /'’ 1 S ]
= 0.155 / & = ot -
% C / ] % 0.1 —_——- x(zl) =0.1
E 0.1 // ..... ] /g - X%z _ 02
= F <3 — . —— =03 ]
0.05- ) / . s N 0.05_ %% X5 -
- ~" .- “pp — tf Ungroomed Fact.Thm. 1 . z m = 173.GeV, Q) =2.0GeV i
-I—I- | | | | | | | | | | | | | | | | [ 1
q.70 172 174 176 178 180 q.70 | | | | 1’|72 | | | | 1’|74 | | | | 1’|76 | | | | 1’|78 | | | | 180
M, [GeV] M, [GeV]
92 L QQ h
. _ 1 igher moments
first moment €)1 dominates Ty = —— &
Ql QQ 9 o oo
give smaller effects
0-025 [ T T T T T Y T T I T T T T ' L T T ™
NPT — 300 < py <400GeV  PYTHIA8 AU2
. L 0020} bsl<2,R=1 - Zq (71 TeV) -
MPI / UE effects: () > 000 [ B2Za0TV)
S SN & SIS partonic !
: = 0015F — — hadronic+MPI -
jet mass from massless quarks & gluons, & | : .~ partonic + Q-
. = 0010F ! — partonic ® F -
known that using a larger QM1 > 0, 3 7 ; -
B 0005F
accurately captures MPI effects S A .
ooooLft o o v L., T :
(IS, Tackmann, Waalewijn 2015) 4 2 4 S0 0 “



pp — tt

Issue is that MP| contamination is significant (Pythia), so
uncertainty from this modeling may be too large for
a precision measurement.

0.2
B | | | | | | | | | | | | | | | | | ]
— 0160 | P =200 GeV, pr =750 GeV, R = 1.0 -
| TR -
i I ’
O
= 0.12(- |
S T
= _
5 0.08
= -
b |
~— -
= 0.04F
- | |f = 173 lGeV
O. L L L L L L L L
170.5 175 375 180 25 185.125 190.

M ;[GeV]



Larkoski, Marzani, Soyez, Thaler 2014

Soft Drop

Grooms soft radiation from the jet /« = /:.:.:_

'...
*
*

mln(??j: pilij) S Zcut( — ]) o 2 > Zeut 6
e ’ two grooming parameters
Groomed et Groc?med
Clustering Tree
| I_ I—ZgIeg

Can still carry out calculations: Larkoski, Marzani, Soyez, Thaler 2014

Fri, Larkoski, Schwartz, Yan 2016
26



Hoang, Mantry, Pathak, IS (2017)

Light Soft D for t
ight Soft Drop for tops o~ 0.01

Q) = 2 pr cosh(ny)

1o derive Ly ( Q@ )B > \ light groomed factorization invalid
fact. theorem:  4m, \4m,/ ~

allowed region

B=2

1 -3
Remove soft A 1/Tyam2\=F 1Y
L Zeut > 5 usoft not groomed
contamination. 2\my Q7 ol | |
500 1000 1500 2000
Decouples top-jet from rest of the event! pr [GeV]
_ soft radiation groomed
— == top decay products & radiation
T — leftover “collinear-soft” radiation



Light Soft Drop for tops  zcut ~ 0.01

(@ = 2pr cosh(ny) Modes:
To derive Ly 7/ Q \° In(z"!) pr =750 GeV
( ) z Zcut Softer
fact. theorem: 4m; \4m,
A P2 A2
Soft Dropped AQCD
M2
1 1
Remove soft s }(Ft 4777;?) LA | (AT : -
contamination. 2\my @ ,
In(6,") In(6™")
Decouples top-jet from rest of the event!
_ soft radiation groomed
— == top decay products & radiation
T — leftover “collinear-soft” radiation



MPI| contamination reduced by factor of 5
with Light Soft Drop (eg. 4.5 GeV to 0.9 GeV):

0-2 | | I

Pythia8: pp — ¢, Had+MPI
pr® =200 GeV, pr > 750 GeV, R = 1.0

7 0161
Lo Zeu = 0.01, f =2

(aD] -
g 0.12 Had+MPI: pgdk = 175.26 GeV

~ |

S _ Had: peak 4 174.37 GeV

i B .

_ Partonic: pedk = 173.37 GeV /-

T 0.08 d -
= i _

b - _
~ — -
= 0.04 —

|
- .: — nfllt = 731| GeV | i
O. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
170 175 180 185 190
M ;[GeV]
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. . . Hoang, Mantry, Pathak, IS (2017
Factorization with Soft Drop on one jet: cang, Mantry, Pathak, IS (2017)

dO‘((I)J)
dM ;

M?% —mi — QY
ez

— N(@J,zcut,ﬁ,,u)/dé’ d®y Dy (5, D4, m/Q) /dé JB( — §’,5m,,u)

x /dk Se [(z - ﬂgh(@d, g)) (2°Qzeut) 7, B, u} Fo(k, 1)

30



. . . Hoang, Mantry, Pathak, IS (2017
Factorization with Soft Drop on one jet: cang, Mantry, Pathalc, IS (2017)

(I) 14
A72) — N(@. 2o B /ds 10, DU, B, m/Q) /de T A
/dkSC z— —h(cbd, 2°Qzeut) TP FC (k,1) /
control of
Norm mass scheme

t of th t
(rest of the event) dynamics of top

& its decay products

left over perturbative non-perturbative
collinear-soft radiation soft radiation
gz].) L2

05 1.0 15 2.0
k (GeV)
31



. . . Hoang, Mantry, Pathak, IS (2017
Factorization with Soft Drop on one jet: oang, Mantry, Pathak, 15 (2017)

dO‘((I)J)
dM ;

M?% —mi — QY
my

— N(CIDJ,zcut,ﬁ,,u)/dé’ d®yDy(5, D4, m/Q) /dé JB< - §’,5m,,u)

< [ sc| (- SA@LT)) (2 Q)T o] Folk,1)

“decay” fact. thm.

1
Q < 4my (2mt2cut/AQCD) /0

Soft drop stops when comparing
energetic top decay products

D& 04 m/Q) = s i /) ~
t/\t“_t/\tfg Nt /Nt t /N
\_/ N N I N N
pl/' __|
q D, —
P~ WOFT ®, = 5 phase space variables for decay

32



. . . Hoang, Mantry, Pathak, IS (2017
Factorization with Soft Drop on one jet: oang, Mantry, Pathak, 15 (2017)

do (P M? —m? —QV
O-( J) :N(q)JaZcu’mﬁ?:u)/dé/dq)dl)t(é/a(I)d7 m/Q) /ngB< J— T Q _§/75m7:u)
dM ; my
mk m 1
_ N = B 48
< fdi e[ (€= "4, 7)) 2 Qzen) 7 B ] Folh,1)
“decay” fact. thm.
Q < 4my (thzcut/AQCD)l/B
Soft drop stops when comparing
m m .
tan(q/2) = @h(%, @) energetic top decay products
-1 r =750 GeV I let- I
In(z"™") T Softer | P 04 is angle to jet-axis of last
decay product reclustered
| A pz < A2
Soft Dropped | QCDh b)/ Soft_d rOP
; | , Collinear>
glopZ — 2
In(z5,)1 o,
U1 Soft | U0
|
In(6;") In(@™hH
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. . . Hoang, Mantry, Pathak, IS (2017
Factorization with Soft Drop on one jet: cang, Mantry, Pathak, IS (2017)

decay products well

“high-pT” > dmy(2myzeut/Aqep)'?
&P Q % Ame(2mezeu/ Aep) inside groomed jet

do(®y) M3 —mi — QL
dMJ _N((I)Jyzcutaﬁmu)/ngB( My 7Ft75m7:u>
k 47 3 1
< faise[(¢-k(g5p—) " )@ Qzeu) 7. But] Folk, 9
In(z"") Soft Dropped | pr =100 Ge¥

~ A2
AQCD

0 -
c\ob Collinear
(Soft L =y

ln(ZC_ult) l ”Z;F
UC

|
|
|

In(@;") In(6™hH
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Groomed Factorization Results
(NLL + Hadronization)
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Groomed Factorization Results

sensitive to top mass:

0.25

| | | | I | | | | I | | | | I | | | | I | | | | ]
- pp — tt Decay Fact.Thm. Q(ll) =2.0GeV, x(21) =0.1 ]
o 02_ pTZ750GeV,R:1 _—
| L 4
! :
c% 0.15 -
= - -
= - i
r 0.1 —
= i i
) - —— = mMR = 172.5GeV 3
= 0.051- mMSR = 173.0 GeV n
[ my°>R = 173.5GeV i
0. | | | | I | | | | I | | | | I | | | | I | | | | |

170 172 174 176 178 180

M ;1GeV]
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Groomed Factorization Results

Hadronization effects (smaller than ungroomed):

0.35—

pPr

Zcut

o
L

<

b

3
o)

I‘II|IIII|IIII|IIII|IIII|IIII|IIII

<
b

(1/o)do/dM; [GeV ]

>750GeV, R=1 = «uau- NLL perturbative g
=0.01 .. — — - QV=14GeV,x)’=0.17
2 — Q"=2.0GeV,x)"=0.11

" QV=26GeV, x=0.1 1
mYSR = 173, GeV

(1/o)do|dM; [GeV ]

pp — tt Decay Fact. Thm.

174 176
M ;1GeV]

()1 dominates
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0-25 B | | | | | | | | | | | | | | | | | | | | | ]

- pp — tt Decay Fact.Thm. H

02__ pT2750GeV,R:1 ]

i = Zow = 0.01, =2 -

0.15 2 .

0.1 ——- V=01 =

- (1) —

| x2 = 0.2 \ _

0.05F- =03 \:

i mYSR = 173.Gev, Q' =2.0GeV ]

O- | | | | | | | | | | | | | | | | | | | | | i
170 172 174 176 178 180

M ;[GeV]
Qo — OF
T2 Oz smaller
1



(1/o)do/dM,; [GeV ™)

Groomed Factorization Results

pT dependence (smaller than ungroomed):

0.25_ T T T T T T T T T T T T I T T T T I T T T T 0-35_ | | | | | | | | | | | | | | | | | | | | | | | ]

- pp — tf Decay Fact.Thm. [ = = pr€[450,550] GeV R=1 ]

0oL AEN R=1, 20 =001, =2 - _ 03 [ — . — - pr €[550,750] GeV m = 173. GeV ~

r /',"\ mYSR = 173, Gev . L gosf— == pr=750GeV N, Q; =1.0GeV, x,=0.1 ]

- I O’ =2.0GeV, x =0.1 1 8 L pr >1000GeV ! 2 . .

0.15- / ' 4 =2 R S -

- I - ~ 0.2_— . __

- / i % - / ,I 3

0.1 ] E 0.15:— I. ./ .

. ’ = - r ! / .

B ~ E 0.1 KA/ . =~

0.05 — — - pr2750GeV e R - . SelTseoL

B 7] 0.05_— ~ . -, ;

i pr = 1000 GeV i C pp — tf Ungroomed Fact.Thm. J

0. | | | | | | | | | | | | | | | | | | | | | | | | O. | | | | | | | | | | | | | | | | | L
170 172 174 176 178 180 170 172 174 176 178 180

M J [GeV] M J [GeV]
Soft Drop groomed Ungroomed
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Test Theory Predictions with Simulations
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Predict:
independent of
Jet Radius

v

—_
—
/
—
—_ ——
/
o—=
-
_—
—_—
—
—

Without
Soft Drop

(huge):

0.12

| | | | | | | | | | | | | | | | | | |
i Pythia8 Had+MPI: pp — 11 ]
— [ my'C =173.1GeV, pr >750GeV  ~
:'> 0.09 Zeut = 0.01, B =2 R=07 "
o)) ~ veto __ ) -
G N pr = 200Gev R=08 -
=N R=09 1
% 0.061— R=10 _
E i R=1.2 i
< i R=15 |
L 003 _
N .
O' ] | | | | | | | | | | | | | | | | | | | |
170 175 180 185
M] [GeV]
0-15 | | | | | | | | | | | | | | | | | | |
- Pythia8 Had+MPI: pp — 1 — ; - 8; .
— | mMC = 173.1Gev, pr > 750 Gev R=09 |
'> | No soft drop, p;° = 200 GeV R=10 i
8 0.1 —— R=12 —
= - — R=15
= I N -
S ¢ S -
5 r D ]
S 0.05-
b i |
O. 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |
170 175 180 185 190
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Z.,« dependence (simulation)

Predict transition for “light Soft Drop” \/

(1/0)do/dM; [cev™']

Mmost contamination

is removed
| | . | | | |_ |MC| | | | | | | | | | |
Pythia8: pp — tf, m;™~ = 173.1GeV —x 7., =020 -
pPr > 750 GGV, R=1 leut = 0.05 7
veto _ 200 GeV, ﬁ = ) — Zcut = 0.02
E—— Zcut — 0.01 |
0.1 ———— Zeut = 0.0057
Zcut — 0.001 :
= = = No soft drop |
e - )
0.05 =
O. ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] ]
170 175 180 185 190
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Fit Factorization to Simulations
(Calibration)
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Simultaneous fit to different pTs

no MPI with MPI

0.3 0.3
I I I I | I I I I | I I I I | I I I I I I I I | I I I I | I I I I | I I I I
> 750 Gev B pp — tt: pr =750 GeV a - pp — tt: pr = 750GeV . ]
T = i Z =001, B=2, R=1, p¥© = 200GeV FR= 1, o= 200Gy Ythia Had+MPL .
— i cut ) d » Pt = e _ — T Pr = © mMC =173.1 GeV N
Lol — — PythiaHad:m'* =173.1GeV { L [ =001 5=2 decay: "% = 173.1 GV 1
é’ 0.2 declay: lmi\"SR =1728 GeV = é’ 0.2 QML X IDMP = (3.4 Gev, 0.3) 7
- I (Q(l . x(2 )= (2.Gev, 0.1) 1 = I — - = high p;: m™® =1732 GeV |
E i =« = high qu: mR = 173. GeV : % : QEMPL (OMP) _ (17 Gev, 0.6) :
N Q7 1) = (1.Gev, 0.3) N ) |
= 0.1 = 0.1 -
b S _
= =
| | : | | | | | | I | | | | | | | | | |
170 175 180 185 190 170 175 180 185 190
M ;[GeV] M;[GeV]
> 1000 G V 0'3 I I I I | I I I_ I | ioo(; I I | I I I I 0'3 I I I I | I I I I | I I I I | I I I I
B pp > tt: pr > GeV ) - pp — tt: pr > 1000 GeV ) ) i
pr © I =001, B=2, R=1, pif® =200GeV CR-1 piv = 200Gey L yunia HadeMPL 1
— i cut = VUL, =2, K=1, pr = € i — | =5 Pr = © mMC = 173.1 GeV .
N 1 n = = t - ’
'> L — — Pythia Had: mM° = 173.1GeV '> | Zew =001, f=2 decay: mYSR = 173.1 GeV 1
&5 021 de(cl‘c)ly: (T?ASR =1728 GV 5 021 (QMPL (DMPL _ (3 4Gev,0.3) ]
g i (91 > %2 ):1\/1(521{‘ Gev, 0.1) | g i = - = high py: m™R® =1732GeV |
S i - hlg}fl przi m>" =173.GeV | S i QDMPL LOMPY _ (1 7Gev, 0.6)
PN Q'7, ) = (1.Gev, 0.3) N
= 0.1 / = 0.1
b b
iy iy
| | : | I | | | | I | | | | I | | | | 0. | | : | | | | | | I | | | | | | | | |
170 175 180 185 190 170 175 180 185 190
M;[GeV] M;[GeV]
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Pythia Simulation vs. Factorization (with SoftDrop)

without m%SR — 172.8GeV
Contamination: mMC — 173.1 GeV
0.3~

pp — tt . pr > 1000 GeV .
Zaat =001, =2, R=1, p‘}eto = 200 GeV |

— — Pythia Had: mM“ = 173.1 GeV -
decay: mMSR = 172.8 GeV —

S
(\)
I B R B

(1/0)do/dM; [GeV ]




Pythia Simulation vs. Factorization (with SoftDrop)

with mMP" = 173.1GeV  ~unchanged!
Contamination: mMC — 173.1 GeV
0-3_ | | _I | | | | | | | | | | | | | | | | |
R T_zzé(())(()}o‘c;ev — — Pythia Had+MPTI: _
L mMC = 173.1 GeV -
N T B = decay: mMR =173.1 GeV -
2 02
S,
~
=
2
S
= 0.1
L
0.
170 175 180 85 190

M ;[GeV]
dominant change is as expected: ()4



MSR Mass versus Pole Mass

equally good fit (an order dependent shift)

pole mass comes out smaller, just like eTe™

0.3—

-
B
l

(1/c)do|dM; [GeV ]
T 1

- = = =

b

T

! ! ! l ! ! !
pp — tt: pr > 1000 GeV ]
Zw = 0.01, B=2, R=1, pi¥® = 200 GeV

— = Pythia Had: m“ = 173.1 GeV -
decay: mM™*® =172.8 GeV
@'", Xy = (2.Gev, 0.1) -
=« = high pr: m™* =173.GeV ]|

Q'7, 2 = (1.Gev, 0.3)

! l ! ! ! !
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(1/o)do/dM; [GeV ]
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@, )y = (1.8Gev, 0.1)
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Retain agreement when we vary other knobs:

O O 2 0-25 [ I I I I I I I I I I I I I I I I I I I ]
ZC ut - ) - — — Pythia Had: mM° = 173.1GeV
02 decay: mM™® =172.8 GeV
'% - Q'", A = (2.Gev, 0.1) ]
S F ) .
— 0.15- pp — tt: pr > 750 GeV —
% - R=1, pi® = 200 GeV -
5 015 / Zow = 0.02, =2 ]
AN - ]
5 T )
= 0.05¢ =
O. B | | | | | | | | | | | | | | | | | | | |
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0025 [ I I I I I I I I | I I I I | I I I I |
- — — Pythia Had+MPI: m)“ = 173.1GeV ]
— oo decay: m)""R =173.1 GeV ]
% - (Q\MPL X DMPly = (3.4 Gev, 0.3) ]
% 0.15 pp > tt: pr>750Gev ]
- R=1, pf®=200Gev
% oif Zet = 0.02, B =2 .
S0 §
5 r )
— 0.05 -
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Retain agreement when we vary other knobs:

=1

(1/o)do/dM;[GeV ']

(1/o)do/dM;[GeV ']
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0.25 I T I I I I I I I I I I I I I i
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But smaller pT fails for Soft Drop:

0-3 T T T | I T T I— T I T T T T I T T T T 0-3 T T _I T | T T T T | T T T T | T T T T
| Ty S =S B 7 LV T
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> T — — Pythia Hﬁi m;" = 173.1GeV - > T Zeu = 001, = decay: mM® =173.1GeV 1
O] 0.2_— deﬁ?y: (?)71 = 172.8 GeV —_ O] 0.2_— (Q(II)MPI,X(ZI)MPI) = (3.4GeV,0.3) —_
g I Q7 x) =M(§R' GeV, 0.1) g | — - = high p;: m™® =1732GeV |
= i - h1g2h 1772: m,>" = 173. GeV 1 = i (Q(lz)MPI’X(;)MPI) = (1.7GeV,0.6) -
T @7, x) = (1.Gev, 0.3) N |
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M;[GeV] M ;[GeV]
1
light groomed factorization invalid
107!
NS 102 allowed region
1073
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500 1000 1500 2000

p1 [GeV]
49



Could still use ungroomed factorization for smaller pT
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Fit works, gives a larger OMP! as expected
1
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Promising new techniques to answer “what mass is it!”

Theory (QFT) pp Calibration
(soft drop)
Direct Analysis \
(ungroomed) Simulation

(Monte Carlo)

Experiment /
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Summary

® A dominant uncertainty in the top mass is “‘what mass is it?”

® Answers from connecting theory (QFT) to Monte Carlo or Data

: : o MC
® Can Calibrate MC to determine relation: m "~ = m,; +
150k \NR scheme at NNLL m, C = - 15Oé_pole scheme at NNLL _
: 173 GeV | : i
100f ; 100F ;
50F I 50F :
0. .............. a : Ob .............. P
171.5 172.0 172.5 1730 173.5 171.5 172.0 172.5 1730 173.5
m)'SR(1GeV) mP°*

t

® Discussed a promising new method for Top Jet Mass predictions
in pp with/without a light Soft Drop
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The End
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19.7 fo”' (8 TeV)
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5] NNLO pPhys. Rev. Lett. 116 082003
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Events / 10 GeV

Events / 10 GeV

19.7 fo™" (8 TeV)
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