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There exist variety of ways for measuring m;

Top mass can be measured in a variety of ways. Some examples:
Total cross section: Threshhold scan: Kinematic reconstruction:

CMS-PAS-TOP-14-002

CMS Prefiminary, 182", s =8 TeV
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Manohar, Stewart, Teubner; . . .

The top mass has been measured at the LHC at sub-percent accuracy via kinematic extractions:
o CMS @ 8 TeV (2016) : m; = 172.35 £0.16 (stat + JES) £ 0.48 (sys) GeV
Phys. Rev. D 93 (2016)
o ATLAS @ 8 TeV (2017) : m, = 172.08 + 0.41 (stat) & 0.81 (sys) GeV

ATLAS-CONF-2017-071

But, in what top mass scheme are we measuring this?
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No field theoretic definition of Monte Carlo top mass parameter exists

Kinematic extractions: mfde, my, m?/ISR., S
o CMS @ 8 TeV (2016) : m, = 172.35 £0.16 (stat +
JES) + 0.48 (sys) GeV Theory(QFT) Ashower — 1 GeV
Phys. Rev. D 93 (2016) ?
Simulation
o ATLAS @ 8 TeV (2017) : m; = 172.08 £ 0.41 (stat) ? (Monte Carlo)
+ 0.81 (sys) GeV
ATLAS-CONF-2017-071 / MC
Experiment mt

These extractions have relied on Monte Carlo simulations
and lack a precise field theoretic interpretation.

Benchmark for this work:

o We need a kinematic observable that can be calculated in theory in a specified short distance
mass scheme and has the required sensitivity to m;.

° mf’lc depends on the intrinsic details of parton shower [see Daniel Samitz's talk], hence we want
minimal or no dependence on Monte Carlo.

@ The observable must be robust against the nonperbative corrections from hadronization and
contamination from the Underlying Event. (I trust my fellow experimentalists to deal with
Pile-up).

@ The observable must retain the sensitivity even after unfolding has been applied to the data.
We will use effective field theories and jet substructure tools to achieve these goals
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Outline

° Plain light quark/gluon jet mass

© Plain Top Jet Mass

© Soft Drop Grooming

@ Light Grooming for Top Jets

© Nonperturbative corrections to groomed light quark/gluon jet mass
0 Nonperturbative corrections to groomed top jet mass

@ Hadron Level Factorization for Groomed Top Jets

© Monte Carlo Top Mass Calibration using Groomed Top Jet Mass

© Conclusions
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EFT modes for the Plain jet mass

Consider a gluon emission off an energetic quark.

m
m3 = (kg + kg)? = 2E,E(1 — cos ) = Qp, kg)'
+ . _
pm =EF P et z=E/E;=p; /Q
For a given jet mass m§ the gluon will lie on the blue line k“>
q
20 T T T -
i resummed and matched .
In(z™)
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Becher, Schwartz 0803.0342
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Plain light quark/gluon jet mass

EFT modes for the Plain jet mass

Consider a gluon emission off an energetic quark.

m
m3 = (kg + kg)? = 2E,E(1 — cos ) = Qp, kg)'
+ . _
pT =EF P e, zi=E/E;=p; /Q
Moving further into the tail region moves the blue line down k“>
q
20 T
i resummed and matched .
In(z™)
4™ order i
3" order
2" order
1** order ] T Softer
2
e M7
2 ) Colli
«— m7, ollinear
[ KN ”’/2§
02 03 0.4 7, Ppr
1-T @)

Becher, Schwartz 0803.0342
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Plain light quark/gluon jet mass

EFT modes for the Plain jet mass

Consider a gluon emission off an energetic quark.

m
m3 = (kg + kg)? = 2E,E(1 — cos ) = Qp, kg)'
pr=EFF e, z=E/Ei=p /Q
. . > >
In the soft/collinear limit: m§ ~ sz'on)uso& o
q
mi my
Zus"’&veus’\’l ZCN17OCN6
2 (Ultra-)Soft and collinear modes:
i resummed and matched .
In(z™)
4™ order
3" order
2" order
1** order ] TS fi
) Us ofter
«— m? = Q’7/2 S
Collinear
D S R
02 03 04 Ppr
1-T C

Becher, Schwartz 0803.0342
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Plain light quark/gluon jet mass

EFT modes for the Plain jet mass
Consider a gluon emission off an energetic quark.
2 2 4
my = (kg + kg)™ = 2EqEg(1 — cos gg) = Qp,

pr=EFF e, z=E/Ei=p /Q

In the soft/collinear limit: m? ~ sz'on)uso&
2
m my
ZtAsNaivexlle ZCN17OCN6
20 T T T -
I resummed and matched
15¢ 4" order ]
i\ 3" order
1 do 0 2" order
cdl | 1™ order ]
m3 ~ QA
50 ]
0 L h
0.0 0.1 0.2 0.3 04
1-T

Becher, Schwartz 0803.0342

Now add a background of NP particles at
all angles:

4+ 2 2
PAPA — PrL ™ AQCD
wide angle NP — Aqcp (1, 1, 1)

. On 2
collinear NP — Aqcp (| —, —, 1
27 Op
2AQCD
QO
Dominant NP mode = Wide angle A mode

Z/\(Q/\) =

In(z™")

Collinear

= Q/)f
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Plain light quark/gluon jet mass

EFT modes for the Plain jet mass

In SCET this is captured by the factorization formula: Becher, Schwartz 0803.0342

_ PL+ PR k)
Q2 Q

1 do
— = H(Qn) / dp? dpg dk J(p}, 11) J(ph 1) St (k. 1) 5<T
[}

The Nonperturbative model function is then included in the Soft function:

AN
Sr(r) = /d@*dr 5<T - %) st ey,
where -
AN E / dktdk™ Sparc (0T — KT 0T —kT)F(KT KT
—oo
—1
Fnon—pert In(z™)

In(6™")
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Plain Top Jet Mass

Heavy Quark Effective Theory for top quark

To connect the framework of light quark jet mass to top jets we isolate the top from the surrounding
radiation using (boosted) HQET.

- i m Q
c :hv(iv~D 7F)hv, v“:(—,—,o )
pole + ot Q'm L
Here we integrated out the pole mass of the top. For other schemes where

mf)ole =m+ Sm

we have .
- 1
L:hv(iv»DJrEI'tJr(Sm)hw 5m o~ Ty

Assume a top quark produced close to mass shell:
o o
pl = mevt + r’ < p,

MJ2 = mf +2mev - r + O(rz/mf)

A convenient variable for top quarks in the peak region:

M2 — m?
a= "M _5, ., an~T,
my
Ultra collinear modes in HQET:
r
ben (2 2000), ar a2
Q m: m¢ Q
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Heavy Quark Effective Theory for top quark

Hence the SCET jet function for top quark is modified to the bHQET jet function: [Fleming et.al 2008],

[Jain et. al. 0801.0743]
J(P*, 1) = Jp (3, 6m, Te, )

One key assumption is that we are inclusive over the decay products. Hence use full decay width I';:

~ L2 N N r Low top p High top pr
JB(stgrtaém’l»L) = / ds’ JB(S: 75’,6’77,#)71_(5\/27’.@ " .
oo 2 .
&, , r. wost )
= / ds" Jg(§ —§ —20m, p) —————~ —
—oo (82 +7T2) T |
~ | n/

This leads to a factorization theorem for e" e~ — tf in the peak region and boosted regime

Fleming et.al 2008

JaPlain

M:UOHQ(Q,mt,M)Hm(mhg’H) /wdé‘ /oode shemicpt 0= 1)
dM3 dM3. my o )

Js (.«:t - mgtﬁ,rt,émt,u) JB(§; - mﬁtf,rt,amt,u) + o(g—g, rt%ist astt) i

One has now ability to measure top mass in a specific short distance mass scheme (with §m ~ T';) via
jet mass of boosted tops. We employ MSR mass:

o (R)

o0
EVE=E n
mpl = mSR) + R 3B (T )" R~
n=1
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Challenges at a Hadron Collider

Very nice but not good enough for hadron colliders . . .

0.2 T L e T
- : Pythia8: pp — 7, Had+MPI ]
— 016 | PF =200 GeV, pr > 750 GeV, R = 1.0 B
| TR ]
L ! ]
E L ] Had+MPI: peak = 180.83 GeV 4
= 0.12_— | Had: peak = 176.35 GeV/ ]
E [ Partonic: peak = 173.89 GeV ]
S~ r -
0.08— 3
3T :
5 [ ]
~ F = |
) 0.04_— .
Cem©=17310V ;
ol o+ 1 | L . |
170.5 175 375 180 25 185.125 190.

M J [GeV]

Hadronization and Underlying event have a significant effect on the spectrum. Peak position of the
jet mass spectrum shifts by as much as 5 GeV.

The contamination lives in the soft sector (and spoils our beautiful physics in the collinear sector).

Workshop on Determination of Fundamental QCD Parameters 7/ 31
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Soft Drop Grooming

Reduce hadronization corrections using Soft Drop

Studies of boosted objects at the LHC and the need to reduce contamination from the underlying event
and pile-up led to development of jet grooming.
Soft Drop Grooming

_/—CE} Kept (B)
et —Jp—

} Rejected ()

CA Clustering

subjets

particles

Soft drop grooming involves reclustering a jet with purely angular measure (CA clustering) and selectively

throwing away the softer branches.

Groomed Clustering tree

E ‘l'w G2

Soft Drop criteria: Groomed jet

min|[pri, p7j Rij\ 8
7[137—’ pr] > kut(*u)
(pri + p15) Ro

Larkoski, Marzani, Soyez, Thaler 2014 More Groaming

The criteria is IR safe for 3 > 0 and Sudakov safe for 3 = 0 (calculable after performing resummation)

Larkoski, Thaler 2013

T e o o T T G ] (e L L) fJER
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Soft Drop Grooming

Groomed jet mass is less sensitive to hadronization corrections

Compare the groomed and ungroomed jet mass spectrum (for massless jets here):

(1/o)dodlog,o(m3/E?)
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Soft Drop Grooming

Groomed jet mass is less sensitive to hadronization corrections

The nonperturbative corrections to the groomed jet mass become significant at much smaller jet
masses compared to the ungroomed jet mass.

1.
L T T T T | T T T T T T T T I T T T T
I Pythia 8.2, ¢*e™ — ¢g ——— SD,Had ]
& [ Q=500GeV NoSD, Had
50'75_ Zat=0.1, =2, R=1 == = SD, Part |
Ng L — — NoSD, Part |
= ot ]
OD B -
L2 05 ]
% B -
N B -
b B -
} B -
5025 - .
- ]
0. )
- -3. -2 L. 0.

22
logy (m;/E})
Hence the groomed jet mass spectrum is a desirable candidate for m; measurement.
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Soft Drop Grooming:

Huge Interest in Understanding Groomed Observables

Partonic resummation of groomed jet mass is well understood:

Heavy Hemisphere Groomed Mass
Soft Drop. zew = 0.1, £ =0

1 TeV, e*e— dijets

= NNLL matched

===~ NNLL matched-+shape
Vincia, matched (had)

e
ez
A
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o
i
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000E
1075 107 0001 0010  0.100
&

Frye, Larkoski, Schwartz, Yan 2016

Has been measured at the LHC:
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Baron et al.

More studies:

ATLA S o
f5=13TeV, 329 " Pyinas
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Aditya Pathak (Uni 'of Vienna)
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Precision Top Mass Determination at the LHC Using Jet Grooming

NLO+LL®NP, pjer>1300 GeV

0.25
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B NLO+LL fiﬁg
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0.15 | El i
0.1 é
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Marzani et al., JHEP07(2017)132

Workshop on Determi

tion of Fundamental QCD Parameters

Other observables: groomed D, [Larkoski, Moult, Neill
2017], groomed angularity for b-jets [Lee, Shrivastava,
Vaidya 2019], Jet mass for inclusive jets and groomed
angularities at the LHC [Kang, Lee, Liu, Ringer 2018].

Fixed order pieces at NNLO: [Kardos et al. 1807.11472].

Nonperturbative corrections: [Hoang, AP, Mantry, Stewart

10/31



Soft Drop Grooming

EFT modes for the Groomed Jet Mass

We identify the relevant region for our
analysis by considering the EFT modes for z> zcuteﬁ
groomed jet mass measurement

o Turning on soft drop removes
emissions in the shaded region.

ln(Z_l) Soft Dropped

T Softer |

0P
-1
In(zgy, Collinear

} 1
~ In(R,")
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Soft Drop Grooming

EFT modes for the Groomed Jet Mass

We identify the relevant region for our
analysis by considering the EFT modes for
groomed jet mass measurement

iz mi 1 1 i’ mi Q
~ —L — ~ =L m
o Turning on soft drop removes Pes Q¢ s ¢’ Pc Q' /
emissions in the shaded region.

Z > Zeout 08

2 _1
_ my 248 — 58
@ CS denotes the emission at widest ¢= <Q Qout ) Qeur = 27 Qzeus
angle that satisfies the soft drop
condition. Ocs/2~ ¢

111(2#1) Soft Dropped

CS

ln(z;ull 'S
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Soft Drop Grooming

EFT modes for the Groomed Jet Mass

We identify the relevant region for our
analysis by considering the EFT modes for
groomed jet mass measurement 2 2
Pes ~ ﬂ(ﬁ = 1) pe ~ (ﬂ Q mJ)
o Turning on soft drop removes G\ ¢’ ¢ Q'

emissions in the shaded region.

z> zcuteﬁ

2 _1
_ my 248 — 58
@ CS denotes the emission at widest ¢= <Q Qout ) Qeur = 27 Qzeus
angle that satisfies the soft drop
condition. Ocs/2~ ¢

Parton level factorization formula
Frye, Larkoski, Schwartz, Yan 2016

d*s Z Ny (9, R, Zews, By 1) 111(2#1) Soft Dropped
ded¢J K , Ry Zeut, B,
K=q,g
1 |
y /d/* U (m2 = QU 1) chutﬁ s~ [[ Q:utd .8, /t} ) TSofter
) , qope > CS
@ Same Jet function as in the case of ungroomed >
jets ln(zcu( 'S Collinear
C
o The Collinear soft function depends on z.,t and | ) ‘ 1 (g' ])
1 ~In(R;") n(6~
2% only via the combination ¢t Q7 .

cut
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Light Grooming for Top Jets

“Light grooming” is required for top quark jets

In order to retain the inclusive treatment of the decay products in
the bHQET Jet function and also groom effectively at the same
time we require the following:

light groomed factorization invalid

@ Avoid grooming aggressively so as to not touch the decay 5 1072 allowed region

products:
103
I (pT\8 £t not d
Zeuy S yErv ;) , h~2 W Iso nol gll*oome |
o 500 1000 1500 2000
@ Groom enough so as to get rid of wide angle soft modes pr1GeV]

(where also the contamination from hadronization and UE
lives):

2

1
21/3 1/T: ’"rz 2+8
Zowt > 5 -y
2
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Light Grooming for Top Jets

“Light grooming” is required for top quark jets

In order to retain the inclusive treatment of the decay products in
the bHQET Jet function and also groom effectively at the same
time we require the following:

light groomed factorization invalid

@ Avoid grooming aggressively so as to not touch the decay 5 1072 allowed region

products:
r 103
pT\B
Zeus S — —) , he~?2 soft not groomed
h2+Bm; \ m; 10741 1 1
500 1000 1500 2000
@ Groom enough so as to get rid of wide angle soft modes pr1GeV]

(where also the contamination from hadronization and UE

lives): )
o 1 _
S5 1T miNZE

cut 2 me P%—

We then arrive at the following parton level factorization formula:

dé Qet -
- = R. el B + 5 — — q 1+8 B
dM,dd, N(®y, R, me, Zeut, B, ) X /dZ Jg (St m: ,om, Ty, M) S [/3 Q.ut B, u}

o Same bHQET jet function Jg as in the ungroomed tt jets

o Same collinear soft function SJ as in the massless quark jets

at the LHC Using Jet Gre
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

We take zcyt = 0.1, B = 2 and pr > 750 GeV for illustration.

Comparing jet mass spectrum at parton level, hadron level, and with MPI

No soft drop:

02— TS AL AN N L B S
F | Pythia8: pp — 17, Had+MPI ]
—0.16C | PF°=200GeV, pr =750 GeV, R= 1.0 1
Tk 1 ]
E [ 1 Had+MPI: peak = 180.83 GeV
= 0-12f ) Had: peak = 176.35 GeV ]
E r Partonic: peak = 173.89 GeV ]
B 0.08- 4
R ]
b L ]
= F 3
= 0.04 .
= n|1]rVIC =173.1GeV ;
oL 1 L P L
170.5 175.375 180.25 185.125 190.

M;[GeV]
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

We take zcyt = 0.1, B = 2 and pr > 750 GeV for illustration.

Comparing jet mass spectrum at parton level, hadron level, and with MPI

No soft drop: With soft drop:
02— T 02—
F | Pythia8: pp — 17, Had+MPI ] F | Pythia8: pp — 17, Had+MPI 4
— 0160 | PE© =200 GeV, pr > 750 GeV, R = 1.0 1 —ot P =200 GeV, pr > 750 GeV, R=10
Lot 1 ¢ ¥ Ze =001, f=2 ]
E L | Had+MPL: peak = 13083GeV 1 "3 r ' ]
= 0.12 ) Had: peak = 176.35 GeV - [% 0,]2} Had+MPI: peak = 175.26 GeV {
E r Partonic: peak = 173.89 GeV/ ] E F Ead; p}esz - 11(7473177?:\7769‘, ]
E 0.08- 1 E 0.08 artonic: peak = 173.3 E
< f 1 = b
s f 1 ¥ F ]
~ - = ~ - I 4
= 0.04F 1 Zon | 4
: —m'©=173.1GeV : Lem€ = 173.1GeV
| S PO et He N of e vy ity T T
170.5 175.375 180.25 185.125 190. 170 175 180 185 190
M;[GeV] M;[GeV]
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region
We take zcyt = 0.1, B = 2 and pr > 750 GeV for illustration.

Comparing jet radius dependence

No soft drop:

015 ——————F—+——————1——

[ Pythia8 Had+MPI: pp — 17 e ’;fg-; 1
— [ mM©=1731Gev. pr>750Gev R=09 i
‘> L No soft drop, p}™ = 200 GeV — R=10 ]
8 0.1 ——— R=12
= —— R=15
=
=
N
A
5
= 0.05
b
2
3 P S ST EF R
170 175 180 185 190
M,;[GeV]
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

We take zcyt = 0.1, B = 2 and pr > 750 GeV for illustration.

Comparing jet radius dependence

No soft drop: With soft drop:
015 T 02— T
I Pythia8 Had+MPI: pp — i 1 [ Pythia8 Had+MPI: pp — 17
— [ mM€ = 173.1Gev, pr > 750 GeV 1 = r mMC = 173.1GeV, pr > 750 GeV
‘> L No soft drop, p}™ = 200 GeV | '> 0.09+ Zw =001, =2 R=07
® - O Py =200 Gev R=08
&) (&) r T — = ().
= —_— = r — R=09
C —— R=10
3 = 006}
A = R
b C) r JR—
X X T
) L 003
Lo v v b v v b v
170 175 180 185 190
M;1GeV]
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

We take zcyt = 0.1, B = 2 and pr > 750 GeV for illustration.

Dependence on pr veto on additional jets is mild

— — = Nopf©cut

0.03

0-12 T T T T I T T T T I T T T T I T T T T
L Pythia8 Had+MPI: pp — 17
r mMC = 173.1Gev, pr > 750GeV, R = 1
0.09+ Zo = 0.01, =2
L o £ P = 20GeV
i Py =40GeV
L Py =100GeV
0.06 PI© = 200 GeV

(1/o)do|dM; [GeV™']

1 | 1 1 | 1
180 185 190

M ;[GeV]
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

pp and ete™ spectra differ substantially without soft drop.

Q = 2400 GeV ~ pr > 750 GeV, |n| < 2.5

[ T T T T | T T T T T T T T | T T T T
[ Pythia 8.2, m}'C =173.1GeV  pp — 1, pr = 750 GeV ]
—_ FR=1, p;'_elo =200 GeV = === pp: No soft drop (Had+MPI)
n 0 15__ = === pp: Nosoft drop (Had) |
2 L ete” —if, Q= 2400 GeV |
&) - = = = ee: No soft drop (Had) 1
< C ]
0.1+ _
..G [ .‘ ..~ -
T 0 S e ]
3\ = '.' ,'¢-‘ ‘_~..----'~._-..._____ 4
EOOS— ". ’/:‘.,- ~,..... ~.~.~.-.....__
= T
1 1 1 I 1 1 1 1 1

185 190
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

pp and eTe™ spectra agree very well with soft drop (at hadron level)

[ T T T T | T T T T | T T T T | T T T T ]
[ Pythia 8.2, m}'C =173.1GeV  pp — 1, pr = 750 GeV ]
—_  Zew = 0.01, B= 2 pp: soft drop (Had+MPI)
—|'> 0.15 _—R -1, p;em — 200 GeV = === pp: No soft drop (Had+MPE
) L pp: soft drop (Had) i
&) L - === pp: No soft drop (Had) 1
= i ete” > 1f, Q =2400 GeV |
% 0.1 . — = ee: soft drop (Had) —
E : ) ee: No soft drop (Had) :
X r M N T o
5 o005k o
: L -
O. - -l - 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
170 175 180 185 190
M;[GeV]
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Light Grooming for Top Jets

Light grooming is effective in the peak region

Light grooming achieves significant reduction of the contamination in the peak region

pp and eTe™ spectra agree very well with soft drop (at hadron level)

All we need now is a hadron level factorization formula for light groomed top jets

[ Zeu = 001, B =2

[ Pythia 8.2, m,' = 173.1 GeV

pp—t

ete” — 1T, Q = 2400 GeV

|

T T | T T T T
T, pr =750 GeV

pp: soft drop (Had+MPI)
pp: No soft drop (Had+MPI)]
pp: soft drop (Had) __
pp: No soft drop (Had)

ee: soft drop (Had) —
ee: No soft drop (Had)

n _ veto _
% 015_—R— 1, pr® =200 GeV
S I
=~ L
S _
< 01_ .
E L
3\ L
5 o003
___.-‘-_')
0. =T
170 175

ss Deter

180

M, [GeV]
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Nonperturbative corrections to groomed light quark/gluon jet mass

Nonperturbative corrections to groomed jet mass are intricate

CA Clustering Soft Drop Grooming

_/—CE} Kept (.)
et —p—
} Rejected (O,4)

o C/A clustering: NP corrections could depend on perturbative branching history. Not even
obvious if a nonperturbative factorization is possible!

subjets

particles

In what way is the groomed jet mass different?

@ NP catchment area: no longer determined by the jet radius, no fixed geometric region.

o Universality: dependence on z.,+? 37 Is there any connection between power corrections in
groomed and ungroomed event shapes?

These questions can be answered within the framework of Effective field Theories

Hoang, AP, Mantry, Stewart 1906.11843

Perturbative Interface using Nonperturbative
cross section perturbation theory Contribution

‘Aditya Pathak

at the LHC Using Jet Gros
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I

EFT modes for the Groomed Jet Mass

We identify the relevant region for our

analysis by considering the EFT modes for z> zcutt‘)ﬁ
groomed jet mass measurement m2 1 m2
. pe‘5~—J<<, f,1> pe ~ (—J,o, mJ>
o Turning on soft drop removes Q¢ ¢ Q
emissions in the shaded region. 5 1
m 248
o CS denotes the emission at widest (= <Q Qjm,t> Qeur = 2’ Qzeus
angle that satisfies the soft drop )
condition. Ocs/2 ~ ¢

ln(Z_l) Soft Dropped

CS
-1

In(zg,)95 Collinear
—_—

~ In(R;") )

‘Aditya Pathak
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Nonperturbative corrections to groomed light quark/gluon jet mass

EFT modes for the Groomed Jet Mass

We identify the relevant region for our analysis

by considering the EFT modes for groomed jet z > zcutt‘)ﬁ
mass measurement 2 1 2
pls ~ =L (¢, 2,1 Pt~ (22 Q, my
e Turning on soft drop removes emissions ST\ ¢’ ¢ Q'
in the shaded region. 5 1
. . c= (L _)*F Qeut = 2°Qz,
o CS denotes the emission at widest angle 0 Quus cut = cut
that satisfies the soft drop condition. )
Ocs/2 ~ ¢
o Leading non-perturbative corrections have
the largest plus component - hence the
same angle as the CS modes.
p:; > pat ln(Zil) Soft Dropped

n 1
Py ~ Nqep | ¢, I 1

The A mode slides with the CS mode.

-1
In(zgy Collinear

(R (@)

‘Aditya Pathak
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Soft Drop Nonperturbative and Operator Expansion Region

Distinguish two regions of the groomed jet mass spectrum:

A m? 1
a) soft drop operator expansion (SDOE) region, p > py : L(chr) (ﬁ) 2P«
my cut

A 1
b) soft drop nonperturbative (SDNP) region, p. ~ p; : m; < QAqep (%) 15

cut

ln(Zil) Soft Dropped 1[1(271) Soft Dropped
A 2
P~ AZ
TSofter Qo
3 Slop! ! T Opr
glop> ‘
-1 ~1
]n(zcut)"s Collinear ]n(zcul)"s Collinear
1 C 1
In(R; ") ) 1R, In(@™")
a) SDOE region b) SDNP region

@ In the SDNP region the A and CS mode come parametrically close merging into a single mode, A-CS.

o The nonperturbative corrections to the jet mass spectrum are O(1) in SDNP region.

iIPaak o n at the LHC Using Jet Grooming NGRS raGlo bR G Raa R ED




I

Soft Drop Nonperturbative and Operator Expansion Region

Distinguish regions of the groomed jet mass spectrum:

) . QA m? 1
a) soft drop operator expansion (SDOE) region, p; > pp & (7J) 6 <1,
my QQcut
) Ly 2 Aqcp \ 115
b) soft drop nonperturbative (SDNP) region, p_, ~ p, : m; < QAqep ( ) ) s
cut
2
c) ungroomed resummation region: m§ > zcutT .
0.75
| Pythia 8.2, ¢¢” — qg = = = Partonic
ﬁ Q = 1000 GeV Hadronic
= 05» Zw=0.1,8=2,R=1 P> ph
§6 - Y A N m%/E% ~Zout
o0 L 1
2
S L 1
= L 1
S 025+ -
S - 1
} [ 4
L _ 1
0- Tttt L L
=5. —4. -3. =2. -1. 0.

log, (mi/Ef)
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Nonperturbative corrections to groomed light quark/gluon jet mass

Soft Drop Nonperturbative and Operator Expansion Region

Changes to perturbative subjets on adding NP emissions are small:

SDOE
region } kept
Collinear

Nonperturbative .
P i c } rejected

Collinear Soft

0.75
| Pythia 8.2, ¢¢” — qg — = = Partonic
o 0 = 1000 GeV Hadronic
= o Zw=01,8=2,R=1 . Pl ph
£ 05 2
< N e M3 ES ~ zau |
o0 L ]
K=l
o ~ ]
< 025+ |
=
5 F ]
} [ 4
0 L = - ]
-5. —4. -3. -2. -1 0.

log, (mi/Ef)

at the LHC Using Jet Gre Workshop on Determination of Fundamental QCD Parameters 17 /31




Nonperturbative corrections to groomed light quark/gluon jet mass

Soft Drop Nonperturbative and Operator Expansion Region

Catchment area determined by collinear and CS subjets (at LL):

Collinear soft

% Collinear

T
Pythia 8.2, e*e™ — qg — = = Partonic :
ﬁ Q = 1000 GeV Hadronic
=~ f Zw=01Lp8=2R=1 Lok
£ 05 2
3 [ 2 N my/E} ~ Zeu |
o0 L J
2
S L J
= L J
= 0.25— —
3
b 3 ]
> [ 4
0 L = L |
5. —4. -3. -2. -1 0.

log, (mi/E?)
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Measurement in the Collinear-Soft Sector

Measurement in the collinear-soft sector:

Qpi+ QS afy +Qpl 8 (zes — zew0l) S TO

SDOE

(m))es

nonperturbative corrections to the measurements involve two terms:

G = 4 Onp (0, Ocs, A7)

— _ 2qiL —
dio = [q,- + B (q,' - 9/ COS(A¢i))i| (61\?13(9:7," ecsaA¢i) - e]\(?P(Oqi7 ecsyA¢i))
cs
shift correction: CS emission sets the boundary correction: change in the soft drop
catchment area for the NP modes that are test for CS mode due to hadronization. Inside
kept by soft drop: Ogp = 1 cs subjet: @I?P =1, @1\(?3? =1- @I?P

py/0°

Precision Top Mass Determination at the LHC Using Jet Grooming  Workshop on Determination of Fundamental QCD Parameters
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Nonperturbative corrections to groomed light quark/gluon jet mass

Leading Power corrections to the groomed cross section

Leading power corrections for the full cross section can be parameterized as

dcrhad dé,. d dé,. QTn(ﬁ) dé .,
dr:ﬁ = de lh, s (Cl(mJ7Q Zcumﬁ) ) + — J Co (m Q; ZCUtMB)TInﬁ

Hoang, AP, Mantry, Stewart 1906.11843
Nothing like standard shape function.
T1(B) linear in B8, hence two parameters:
Ti(B) = T;,o + BT;,I

The Wilson coefficients C1(m3, @, zeut, 8) and Ca(m3, Q, Zeus, B) are not constants along the spectrum
depend on both the grooming parameters, but the hadronic power corrections themselves are universal:

{Q7., T 6, TT 1} only depend on Aqcp and the jet initiating parton k = q, g

Wilson coefficients are perturbatively calculable and involve resummed averages of opening angles of
stopping pair:

Ocs(m? 2 2
Ca(m2, Qu zeuts B) ~ <%> L G(m @ zeus ) ~< i) O (20 —zcutofs>>

All the dependence of the hadronization correction on z.,, 3, m;, Q and R is perturbatively calculable
via C1,2(m3, Qi Zeus, B)

at the LHC Using Jet Gre
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Nonperturbative corrections to groomed light quark/gluon jet mass

Comparing the shift correction matching coefficient with MC

LL result for C1(m§) compared with partonic Monte Carlo for z.y,y = 0.1, 3 =10,1,2

T T 03 T T o. T
Partonic, ¢'e” — ¢4, Q = 1000 GeV n Partonic, ¢'e” — ¢g, Q = 1000 GeV L] Partonic, e'e” — g3, Q = 1000 GeV [ ]
04F 01,8=0, s 04F Zw =01 =1, s 4 04F Zw=01,5=2 R= E
e Vincia 2.2 - ® Vincia 2.2 n e Vincia 2.2
A303F  m Pythia8.2 1 A%F  m Pythias2 4 <39F m Pythia82 u E
3 A Herwig 7.1 E A Herwig 7.1 & A Herwig 7.1
[S)E S—y 4 Sk —cmp 4 Qo

I
35 =X} B

— i)

logjo (m3/E3)

1
=35 23

log o (m3/E3)

1o

5 EX] EE

log o (m3/E3)

Partonic, ¢*e” = g7, Q = 1000 GeV.
04F zw=01,=0,R=1

T
Partonic, ¢'e” — g7, Q = 1000 GeV

T T
Partonic, ¢'e” — gg, Q = 1000 GeV

4 04 zw=01,8=1,R=1 3 04 Zw=0.1,=2,R=1
® Vincia2:2 ® Vincia 2.2 ® Vincia 2.2
&0F  m Pythia82 1) 1 @%F = Pythia82 1 ©@%F = Pythia82 !
< A Herwig 7.1 S A Herwig 7.1 v S A Herwig 7.1
Sk — cm) 1 S —cm 4 1 Yoo —cm) E
o1 e 4 01 : " oif E
i14 g - |4 ¥
o) L L - oLl
%53 =3 13 = %53 =3 K 05 3

logyo (m3/E3)

A LL calculation of Cy,2 (~ 20% uncertainty) is sufficient for the precision we aim for, and agrees

with partonic Monte Carlo.

logyo (m3/E3)

Precision Top Mass Determination at the LHC Using Jet Grooming

log o (m3/E3)
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Nonperturbative corrections to groomed light quark/gluon jet mass

Size of power corrections

Absolute value of the fractional power correction:

shift =

dé, dé,
Q> G —
-Q 15 dm 2( 1(m J)dm3>/dm§

Take ©,° = 1.0 GeV, T1,0 = 0.7 GeV, T1,1 = 0.4 GeV

|Relative Correction|

[Relative Correction|

Shift and boundary power corrections have

0.1

|boundary| =

QT (8)

2
my

Co(m’

2) o [ don
J dm? /[ dm3

o1

0.5

005

logyo (m3/E3)

Aditya Pathak (Uni 'of Vienna)

logyo (m3/E2)

comparable size and grow

Precision Top Mass Determination at the LHC Using Jet Grooming

logio (m3/E3)

from ~ 1% to ~ 10%.

Workshop on Determi

T T
ee” - g3, Q =1000 GeV = e > qq, Q ="1000 GeV. = e o qq, Q ="1000 GeV
Zw=01,8=0,R=1 g Zw=01,8=1,R=1 ,g Zw=01,8=2 R=1

r —— shift 1 BT —— shift 1 BT —— shift b

- -~ boundary S - -~ boundary 3 - -~ boundary
o @

L ] % oo~ ] % oos|- B
5 0.5 =35 25 -5 E %3 e =i - 0.
log g (m3/E3) logjq (m3/E7) log g (m3/E3)

- - T o1 T T ol T T
ete” = qg, Q = 1000 GeV = ete” — g, Q = 1000 GeV = e*e” > qg, O = 1000 GeV
Zw=02,8=0,R=1 ,g Zw=02, =1, R=1 g Zw=02, =2, R=1
r —— shift 1 BT —— shift 1 BT —— shift ]
- -~ boundary S - -~ boundary 3 - -~ boundary
2 2
- — g 0.05 | - ;g 0.05- i
3 i o} i
e i =S i
_ L L 1 0, L 1 i
5 -25 -5 -05 =35 =25 -15 — -35 -25 -15 —
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Nonperturbative corrections to groomed light quark/gluon jet mass

Visualizing the angular distribution of NP subjets

Tag an NP subjet with E < 1 GeV in the CA clustering tree of the groomed jet and apply the rescaling.

In the OPE region we find the expected geometry with R ~ 1

Vincia 22, ¢ - 47
0= 1000 Gev
=0 =1 R=1
[\ oo =
L ’ ! 1 =
5 \n\m,/ SDNP2 | SDOE snoe ! spoe NoSD
3 L e s ot
- P
\ i
s EE [
logy (/)

of Fundamental QCD Par
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Nonperturbative corrections to groomed light quark/gluon jet mass

Fitting for the power corrections in Monte Carlo

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zey; = {0.05,0.1,0.15,0.2}, 8 = {0,0.5,1.0,1.5,2.0}

3 universal parameters fit the whole grid well

T T T T T T T T 0 T T T
Vincia 2.2, e*¢” = ¢g. Q = 500 GeV Vincia 2.2, e*e” = ¢, Q = 500 GeV Vincia 2.2, e*e” > g
@ Zan =01, f=0,R=1 Zw=01 =1 R=1 0 =500 GeV
= ey = (1.2, - Zew = = =
T o (@5, Mg T = (12,-1.0,050) GeV | —— partone =01 =2 R=1 ]
3 —_— ;nr;nmc P —— Hadronic AN
2 —— Hadronic g ~< o E SIS
3 NP 3 AR NP s =
Y 5 02 i) -
£ 029 . 1 S . ) 1 2% __. Partonic )
= i = i S —— Hadronic i
N i - H = oMTANP :
o | L | i | | i o | L | i
= =25 -2, -5 =1 0.5 -3, =25 -5 =1 0.5 =3. =25 =2. -5 =1 -05
Togq (3/E3) logo (m3/E3) og,q (m}/E3)
0: T T T T 0. T T T T 0. T T T
Vincia 2.2, ¢'e” = ¢4 Q = 500 GeV Vincia 2.2, ¢'¢” = ¢3. Q = 500 GeV Vincia 2.2, ¢'¢” - q7
& L B=0,R=1 Zw=02,8=1,R=1 I 0 =500 GeV
= - > = =2, R=
2 o Partonic ] e pweme ] 2o/ ‘=02 p=2R=1 ]
3 —— Hadronic Had LTINS
E o1 NP E -~ — Hadronic 3 BN
3 P i 3 SYN oeNe 3 RS
[N 3 [ R [ =
£ 02 coe B =] Soasf 1 Lok ]
3 029 mj/Ej 3 02 , 2 OBE __. Partonic |
2 ; 2 ; S [ 22 Hadronic | ;
- - - "+ NP h
o L L L L | [ ! L H o L i L L
=3 25 -2 -5 -1 0.5 -3, -25 -2, -15 -1 -0.5 -3 -25 -2, -15 -1 -0.5
Tog (m3/E3) logo (m3/E3) ogq (m}/E3)
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Nonperturbative corrections to groomed top jet mass

Hadronization corrections to the groomed top jet mass

To recap -

o Light grooming ensures an inclusive treatment of the decay products at parton level (for jet
mass)

o Top mass schemes with myo1e — m = dm ~ 'y can be implemented in the factorized cross
section.

o Hadronization corrections in soft drop depend on the opening angle of the stopping pair 6.

at the LHC Using Jet Gre Workshop on Determination of Fundamental QCD Parameters 24 /31




Nonperturbative corrections to groomed top jet mass

Hadronization corrections to the groomed top jet mass

To recap -

o Light grooming ensures an inclusive treatment of the decay products at parton level (for jet
mass)

o Top mass schemes with myo1e — m = dm ~ 'y can be implemented in the factorized cross
section.

o Hadronization corrections in soft drop depend on the opening angle of the stopping pair 6.
However, hadronic corrections can not be treated while being inclusive over the decay products!

“high-p7"" scenario: “decay” scenario:

h=2, pr =750 GeV Inz Y h=3, pr =750 GeV

P~ A2 PP~ A
QCD

2
QCp

1
I
I
I
I
I
I
I
I

Qe = —"Cs

S Collinear ! 19[6) i uc
S \ Collinear

I
|
In(g;") In(6™") In(g;") Ine™")

In the second case a decay product at an angle 64 is seen first by the groomer and determines the
location of the A mode.

‘Aditya Pathak

at the LHC Using Jet Grox
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Nonperturbative corrections to groomed top jet mass

Hadronization corrections to the groomed top jet mass

9d = max (é(xy)t, ézt) 5 axy = min (éqﬁ/’ éqb, éa’b)

Parameterize 04 in terms of h (useful later):

\9d=(9d<d:>d7 mt)7 tan(@)=%h(¢d,%

Q 2
®4 is 5 dimensional top decay t — bqg’ phase space in the rest frame. m;/Q is the boost factor.
my 1 dl . peat ~ my my - m;
de (04, ) = Tt p(f, T :/d%d @4, ) (R h(og,
RO AR LY Q) =)0 ®eg) (®09))
InGz" h=2, pr =750 GeV Inz Y h=3, pr =750 GeV

2 2 2 2
~ A2 D7~ A2
2 AQ(‘D AQCI)

2
p = 5

0e \Q —m2
glop CS m, ~ ”Y,F,

S Collinear ! 19[6) i uc
S \ Collinear

I
|
In(g;") In(6™") In(g;") Ine™")

In the second case a decay product at an angle 64 is seen first by the groomer and determines the
location of the A mode.
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Nonperturbative corrections to groomed top jet mass

Hadronization corrections to the groomed top jet mass
9d = max (é(xy)t, ézt) 5 éxy = min (éqﬁ/’ éqb, éa’b)
Parameterize 04 in terms of h (useful later):

myg ed

9d=9d<¢>d,6)7 tan (?) =%h(¢d7%

®4 is 5 dimensional top decay t — bqg’ phase space in the rest frame. m;/Q is the boost factor.

me 1 dly o bgq! = M my ~ m;
d (% 7) = - Ttobed P(h —) = [ dbydi (P, — 5(,,,,, b4, — )
(00 F) = 7~ Tt 5) = [ dvsa (o ) s(h-non. )
0.6¢ T T Bl -1 h=3, pr =750 GeV
£ ] In(z™") 3. pr e
0.5F 6s<R=10 3
04- — 0=1500GV T PP~ A2
S —— 0=2000GeV ] Qcp
& —— 0=2500GeV ]
02b —— 0=3000GeV ]
O.If— é In(z, :
E 1 N(Za)7S | Collinear UC
ob A v W TS 3 . T e
0 ¥ 6 G 10 @) @

h

P(h) gives us the probability of the event where a decay product stops soft drop and determines the
leading nonperturbative A mode.
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Nonperturbative corrections to groomed top jet mass

Sensitivity to the decay product phase space at hadron level is not problematic

The inclusive treatment of bHQET Jet function remains valid at hadron level. The Breit-Wigner is
now replaced by

(580 5) = g 4 (00 GO ()] [ eesa(on ) =1

o &4 dependence of 6, determined at the m; scale and does not affect the dynamics of the
ultracollinear modes

o Description of UC modes still based on the inclusive bHQET jet function Jg(3,dm, 1)

Keep the full top width in the non cut bubbles

‘Aditya Pathak
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Nonperturbative corrections to groomed top jet mass

Sensitivity to the decay product phase space at hadron level is not problematic

The inclusive treatment of bHQET Jet function remains valid at hadron level. The Breit-Wigner is
now replaced by

0.(3:00. ) = sty 4 (00 G140 ()] [ seaan(on ) 1

o &4 dependence of 6, determined at the m; scale and does not affect the dynamics of the
ultracollinear modes

o Description of UC modes still based on the inclusive bHQET jet function Jg(3,dm, 1)

The collinear soft function needs to account for the angular
infomration of the decay products. At NLO we have

_1
ST, Qeur, B, 0a, 1) =S¢ (f“ QLY .8, H) Inz™") h=3, pr =750 GeV
A
Y N i W A o
(2+B8)m chc‘gcz,JrB Qeut 93“3 2248 (5
+0(af),
I
In(zo)7S !

Collinear  UC
—_—

In(g,") In6™")
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Nonperturbative corrections to groomed top jet mass

Sensitivity to the decay product phase space at hadron level is not problematic

The inclusive treatment of bHQET Jet function remains valid at hadron level. The Breit-Wigner is
now replaced by

0.(3:00. ) = sty 4 (00 G140 ()] [ seaan(on ) 1

o &4 dependence of 6, determined at the m; scale and does not affect the dynamics of the
ultracollinear modes

o Description of UC modes still based on the inclusive bHQET jet function Jg(3,dm, 1)

The collinear soft function needs to account for the angular

. . light fz ization invali
infomration of the decay products. At NLO we have Jchterconiaditasionizaiontingatid

10+
(d) ¢ pt —si(¢tQ 1+ﬁ s
S, Qeur B8, 0a,1) = S2(€7 QAT B.1) 5 0 lowed region
_ag(p)Ce 2%7F ( -~ 22+/3) |:cht9§+ﬁ _€+] 1ol
(2+8)= chtéjﬂa Qcut 93“3 22+8 soft not groomed
1041 1 1
(), 500 1000 1500 2000
Not a large log in the light grooming region P11GeV]
e pPT\ B
< -t
(é Qeut, B, 9d,M)| (fr “1“?3’[3 M)‘NLL Font > h2+6 m, (mz>
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Nonperturbative corrections to groomed top jet mass

Shift Correction for Light Groomed Top Jets

The leading hadronization effects depend on the angle of the soft drop stopping subjet

o The winning scenario between “decay” and "“high-p7" factorizations depends on the comparison
between 04 and 0.

. QY d [ Ostop dbs dé . N my O my
|shift| = ‘ - d§t( e )/ 7 ‘ Oston (st,%,a) _max{Gcs(st),ed(d)d,E)}

py/p°
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Shift Correction for Light Groomed Top Jets

The leading hadronization effects depend on the angle of the soft drop stopping subjet

o The winning scenario between “decay” and "“high-p7" factorizations depends on the comparison
between 04 and 0.

o Pick a kinematic phase space region allowed by light grooming constraints

. QY d [ Ostop dbs dé . N my O my
|shift| = ‘ - d§t( e )/ 7 ‘ Oston (st,%,a) _max{Gcs(st),ed(d)d,E)}

py/p°

0.

e T T
o F | pp— 1, m,MSR =173.1 GeV ]
w4 | pr2750GeV, 2 =001, =2
s f | po ]
= o03f 1 R=1 -
< C 1 |
o s ettt i e ]
e F L et ]

) 3

£ L e L a2

g F ——- 02

A 5y 7

) e @2
N | I I RS IS R |
170 175 180 185 190

M J [GeV]
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Shift Correction for Light Groomed Top Jets

The leading hadronization effects depend on the angle of the soft drop stopping subjet

@ The winning scenario between “decay” and “high-p7" factorizations depends on the comparison
between 04 and 0.

@ “decay” scenario dominant in the peak region

QY d [ uop b /d&m
me d& \ 2 d& d&

Decay and high-p1 components of the
factorization theorem (coming up):

. Bsop (§t,<l>d, ﬂ) - max{éc5(§t),9d<¢d, ﬂ)}

|shift| = '
Q Q

03 0.5
r pp — tf, Hadronic Factorization F : pp — tf, m™R = 173.1 GeV ]
— [ pr 2750 GeV, 2o =001, =2 ] i I _ 41
B L\ 'St =173.1 Gev ] BT pr270GeV, =001 =2
3§ 02 M\ @, x) = (15 GeV, 03) 7 % oaf I R=1 ]
= [ \ ] ® L =
T 0 \ —— full 1 & r !

N - -~ decay 1 & 02f [T 3
=k st —— (Baop/2 1
E ol [ NN\ L. high-pr . &t [ {Osop)/ ]
= 0 1 S E el ——=- (/2 7
< 1 2 01 N K =
- ] @« T Be2 ]
P oot Y H e s el 0 Y S S O R

170 175 180 185 190 170 175 180 185 190

M;[GeV] M;[GeV]
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Boundary Correction for Light Groomed Top Jets

The boundary correction is only relevant for the case when a QCD radiation stops soft drop

None?
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Nonperturbative corrections to groomed top jet mass

Boundary Correction for Light Groomed Top Jets

The boundary correction is only relevant for the case when a QCD radiation stops soft drop

@ The net correction gets reduced by this fraction of high-pr events in the peak region.

o_high—pT(MJ)
o(My)

q PS N
|boundary| = '(M Ga(3) dO;;e )/dzfA,c
ds; ds;

m;$;

py/p°

None?
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Boundary Correction for Light Groomed Top Jets

The boundary correction is only relevant for the case when a QCD radiation stops soft drop
@ The net correction gets reduced by this fraction of high-pr events in the peak region.

o For the light grooming region boundary correction from high-pr component is negligible in the
peak region

@ Boundary correction is negligible in the peak region
Qe L dé,. | ohishmrT (M
boundary| = | (L20) (g, 90w /90w | T TTIMY)
m:5, ds, ds; o(My)
03— T
r pp — ti, Hadronic Factorization - [ | — MSR ]
— [ pr =750 GeV, 2o =001, =2 ] Lo 4. pp ot mTT = 1731 GeV 1
‘> L m'MSR =173.1 GeV 4 é} 0.15— |"‘ pr = 750 GeV, zgy = 0.01, B= 2
® 02 SN\ Q. ) = V. 0.3 = = L 1 p= ]
(% ; \\( Ty ¥2) = (1.5 GeV, 0.3) ] s F “‘.R o QC(My) ]
[ — full 1 S s, .
o - -~ decay 1 S F I Cy" (M) s (my) ]
2O0= NN . high- T = [ | ms, o(M,) ]
L - 1 T oosk | ) -
=0 ] < T o T ]
L S L L T 1
LS~
170 175 180 185 190
M;[GeV]
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Nonperturbative corrections to groomed top jet mass

Boundary Correction for Light Groomed Top Jets

The boundary correction is only relevant for the case when a QCD radiation stops soft drop

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

@ The net correction gets reduced by this fraction of high-pr events in the peak region.

o For the light grooming region boundary correction from high-pr component is negligible in the
peak region

@ Only the shift hadronic parameter Q7 is relevant for NP corrections.

@ As a nuisance parameter we also consider the second moment of a shape function whose first
moment is constrained by Q7 :

i q @ [} had n -q Q;Dq
/ dkkF@(k):qu — anz/ dk k" FJ (k) , xzzﬁfl
o o (qu)
03— T T T L e e B s e
r pp — ti, Hadronic Factorization — L | — MSR ]
r pr 2750 GeV, za =001, =2 ] ‘> b 1 pp — tt, m; =173.1 GeV ]
H [\ mS = 1731 Gev J S 015 : . pr=750GeV, ze =001, B=2 -
0.2F \ © - B = [ R ]
: \ (@5, x2) = (1.5 GeV, 0.3) ) 2 | | ‘A‘R =t oc ) 1
I — full ] Sops ) on s, .
t - -~ decay E S L . 0Cy” (M) ghiehrrmy) ]
L e N N 3 § [ | m, a(M)) 1
r q T 005 | . -
[ ] <L I T ]
[ : St [ 1
- . . | . n L. A N
(]'70 175 180 185 190 170 175 180 185 190
M;[GeV] M j[GeV]
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Hadron Level Factorization for Groomed Top Jets

Hadron level factorization for groomed top jets

We now arrive at the final hadron level factorization formula for light groomed top jets:

do™ (o))

dM,

X /dk* FI (k) S?

x {1 - e(cf("")(mtgt)

= N(®, Zeus, 3,,1)/1171 P(E, %)/dﬁ Jg (gt -

(fr — max{Cq PP) (me8:),

m(;h)

me

Vas
in om, Ty, N)
me

1)

Cllff .8, u}

QK dCf(pp) (me5e)

da; }

The non. perturbative corrections are incorporated by comparing 04/2 and 0c/2 = C{(m.5;)

8 = (M7 —mi)/m:
03—
r pp — ti, Hadronic Factorization
— [ pr 2750 GeV, zow =001, =2 ]
B ot L\ m"F=173.1Gev g
S 0 N (Q]q, x2) = (1.5 GeV, 0.3) 7
~ L \ -
s [ — full ]
5 — — = deca; —
ol NN\ L. Y 4
st i
e Y S Nt i doetors o

‘Aditya Pathak

|
180
M, [GeV]

Inz™")

(2,095

glop®—

h=3, pr =750 GeV

PP~ A2
AQCD

-2
S Tmg mI

7
Collinear UC
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Calibrating mM€ in Pythia 8

Fit for the top mass in MSR scheme mM5% (R, = 1) with mM® = 173.1 GeV and hadronic parameters
Qf’ and xz in the peak region.

03———— ———
I pp — tt, pr > 750 GeV ]
— | Ze =0.01, =2 J
‘% 02» R=1, py° =200 GeV a
el — — = Pythia 8.2, Hadronic ]
s b mMC = 173.1GeV J
S ot / ——— Hadronic Factorization A
O L mYSR = 172.85 GeV 1
2 o= (@, 1) = (17 GeV, 0.5) ]
y 7 /. .
+  fit range
ol v b PRI R
170 175 180 185 190
MJ[GeV]
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Cali

Monte Carlo Top M: jon using Groomed Top Jet Mass

Calibrating mM€ in Pythia 8

Fit for the top mass in MSR scheme mM5% (R, = 1) with mM® = 173.1 GeV and hadronic parameters
Qf’ and xz in the peak region.

o Fit for two different pr bins to break degeneracy between m; and Q7

0.3, 0.3,
. T T T T T
r pp = i, pr =750 GeV pp = 1f, pr 21000 GeV ]
— [ Zeu = 0.01, f=2 - Zew = 0.01, f=2 ]
5 ool R=1, p° =200 GeV 5 o R =1, py® =200 GeV 1
S o — — - Pythia 8.2, Hadronic S0 — — - Pythia 8.2, Hadronic |
s mM€ = 173.1 GeV s mMC = 173.1 GeV i
I+ Hadronic Factorization 3 —— Hadronic Factorization
g r SR =172 b A 2 mSR = 172.85 GeV 9
E“'j ! 1(Q5, x) = (1.7 GeV, 05) 7] i“" %) = (17GeV, 05) 7
L fit range . fit range q
L I H L
({70 175 180 185 190 175 S 190

M, [GeV] M, (GeV]
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Cali

Monte Carlo Top M: jon using Groomed Top Jet Mass

Calibrating mM€ in Pythia 8
Fit for the top mass in MSR scheme mM5% (R, = 1) with mM® = 173.1 GeV and hadronic parameters
QP and xz in the peak region.

e Fit for two different pr bins to break degeneracy between m; and Qf

o Compare the fit results with and without underlying event

03 03
. T T 3 T T T
r pp—1i, pr2750GeV pp = 1. pr=1000GeV ]
— [ 2w =001, f=2 ] — Zw =001, 8=2 ]
Lo+ R=1, pi = 200 GeV 1 L R=1, p§* =200 GeV 1
S o — —_ Pythia 8.2, Hadronic ] S0 — — - Pythia 8.2, Hadronic |
s mM€ = 173.1 GeV ] s mMC = 173.1 GeV i
s 1 Hadronic Factorization = —— Hadronic F 4
_g r A SR = 172,85 GeV Bl b A SR =172 9
S A 1@, 1) = (17 GeV, 0.5) ] 2 : 1 (@, %) = (17GeV, 0.5) ]
L . fit range =] . fit range q
H L I H L
470 175 180 185 190 175 180 185 190
M, [GeV] M, [GeV]
03 ; T T 03, T T
pp = 10, pr =750 GeV, z = 0.01, f =2 PP — 1, p1 > 1000 GeV, 2y = 0.01, p=2 ]
— R=1, py° =200 GeV — R =1, py° =200 GeV 1
; — — - Pythia 8.2, Had+MPI T> — — - Pythia 8.2, Had+MPI j
a 02 m'C = 173.1 GeV - 3 02 m'C = 173.1Ge’ <
= —— Hadronic Factorization + MPI = —— Hadronic Factorization + MPI{
s SR = 1731 Gev s SR = 1731 GeV
= (QEMPL A = (3.5 GeV, 0.85) h) @M, 3™ = (3.5 GeV, 0.85)
5 , £ . i
=01 =01
& g H L \ :
© fit range H . fit range H
0 H I 1 I 0, H I 1 I
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M, [GeV] M, (GeV]
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Cali

Monte Carlo Top M:

Calibrating mM€ in Pythia 8

Results:

MSR

omt

jon using Groomed Top Jet Mass

remains stable, UE effects absorbed in Q7 and xz

o Result compatible with eTe™ calibration result in [Butenschoen et. al, 1608.01318]: supports

universality of m

(1/o)dor/dM; [GeV™']

(1/eyder/dM,; [GeV™']

0.3

MC

S
i

°

T T
pp = 1f, pr =750 GeV
Zw =001, 8=2
R=1, pj = 200 GeV

— — - Pythia 8.2, Hadronic

mM€ = 173.1 GeV
Hadronic Factorization
SR = 172,85 GeV

L@, x) = (1.7 GeV, 05)

fit range
|

175 180 185 190
M, [(GeV]

T T
pp = 1, pr =750 GeV, zoy = 0.01, =2

1, pi° = 200 GeV

— — - Pythia 8.2, Had+MPI
mMC = 173.1 Gev -

—— Hadronic Factorization + MPI

mR = 173.1 GeV

(@M, A = (3.5 Gev, 0.85)

fit range
|

175 180 185 190
M, (GeV]

(1/o)der/dM, [GeV™"]

(1/o)do[dM, [GeV™']

.~ calibration fits for pp groomed or e"e™ ungroomed even with UE

03
3 T T T
pp = 1. pr=1000GeV ]
Zew =001, B=2 4
R=1, p}* =200 GeV 1
02 — — - Pythia 8.2, Hadronic ]
m€ = 173.1 GeV. ]
Hadronic F 1
0.1 ] ]
. fitrange 4
0, H L 1 L
170 175 180 185 190
M, [GeV]
03, ; ;
PP = 17, pi = 1000 GeV! 2 = 0.01, p= 2 ]
R=1, pi° = 200 GeV ]
— — - Pythia 8.2, Had+MPI ]
02F mMC = 173.1 GeV 4
[
.\ fitrange H
0, H I 1 I
170 175 180 185 190
M, [GeV]
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Monte Carlo Top M: jon using Groomed Top Jet Mass

Fits for pole mass

Comparing the fits with MSR scheme we see mlDOle fit values are 0.4-0.6 GeV lower than mi\/ISR

o difference related to R evolution between the reference scale R,, = 1 and scale probed by the
bHQET jet function in the peak region Ry = ), ~ 5 GeV.

e compatible with eTe™ calibration in [Butenschoen et. al, 1608.01318]

03 03
. T T 3 T T T
r pp— 1T, pr=750GeV ] pp = 1f, pr 21000 GeV ]
= } ~unl*0-0] B=2 1 - Zan = 0.01, B = 1
5 F R =1, p§® =200 GeV B 5 R =1, py® =200 GeV 1
S o _— Pythm 8.2, Hadronic ] S0 — — - Pythia 8.2, Hadronic |
s mM€ = 173.1 GeV ] s mMC = 173.1 GeV i
I+ Hadronic Factorization 3 —— Hadronic Factorization
£ A ,m““‘ 172 b A mf™ = 172.45 GeV 1
2o H 1O, )= (16 b 2 4 1) = (1.6 GeV, 0.4)
L . fit range . fit range ")
H L | H L L
470 175 180 185 190 470 175 180 185 190
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L — — - Pythia 8.2, Had+MPI i — — - Pythia 8.2, Had+MPI ]
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= s
RS I
1) )
=01 =01
S L d
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Il Il L 1
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Conclusions

o We used EFT and jet substructure tools to

achieve a hadron level observable for kinematic [ T T

extraction of short distance top mass at the T bp :(;%117122:250 Gev

LHC. oL R= 1, pie = 200 Gev
S 0 — — - Pythia 8.2, Hadronic

@ The power corrections to the groomed jet mass s | M€ = 173.1 GeV
are universal, and their dependence on T/ ”jﬂ{‘i":;f‘::'ﬁf‘\’;"“""
kinematic and grooming parameters TR f’;’)u = (17 Gev. 0.5)
{zcut, B, Q, R} can be calculated perturbatively. = L) ;

@ Our preliminary calibration of pp with groomed Nl ﬁ“‘rar‘lgei P B R
top quark jets in presence of underlying event is 170 175 180 185 190
compatible with e™e™ calibration [Butenschoen M tGev)
et. al, 1608.01318] with ungroomed top quark
jets. |

. . . Inz Y T — h=3, pr =750 GeV

o Given our systematically improvable approach :A

we anticipate the perturbative and hadronization
uncertainties on m; extraction using this
observable to eventually go down below a GeV.

o Universality allows Qf’q to be determined from

fits to light or b quark soft drop jets, and can In(zz)
be further used as a handle.

>
PP~ A2
AQCD

1
: Collinear  UC
—_—

Thank you
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