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CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb’

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb’

CMS 2011, all-jets
EPJC 74 (2014) 2758, 3.5 b”

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb'

CMS 2012, dilepton
This analysis, 19.7 fb"'

CMS 2012, all-jets
This analysis, 18.2 fb”'

CMS 2012, lepton+jets
This analysis, 19.7 fb"'

CMS combination

Tevatron combination (2014)
arXiv:1407.2682

World combination 2014
ATLAS, CDF, CMS, DO
arXiv:1403.4427
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175.50 + 4.60 = 4.60 GeV
(value + stat + syst)

172,50 + 0.43 + 1.43 GeV
(value + stat + syst)

173.49 + 0.69 + 1.21 GeV
(value + stat + syst)

173.49 + 0.43 + 0.98 GeV
(value + stat + syst)

17282 + 0.19 + 1.22 GeV
(value + stat + syst)

172.32 + 0.25 + 0.59 GeV
(value + stat + syst)

172,35+ 0.16 + 0.48 GeV
(value + stat + syst)

172.44 £ 0.13 £ 0.47 GeV
(value * stat + syst)

174.34 + 0.37 + 0.52 GeV

(value + stat + syst

173.34 + 0.27 + 0.71 GeV

(value * stat + syst

| | | l | |
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Precision Measurements

Tevatron (2014): mi= 174.34 + 0.64 GeV
CMS Run 1 (2015): mi=172.44 = 0.49 GeV
ATLAS Run 1 (2016): m:=172.84 = 0.70 GeV



The Top Quark Mass

What is the top mass!?

* Top is colored parton.
 Top mass is a parameter of the Lagrangian. =l

* Top mass is renormalization scheme dependent.

g’ ~m:
Which top mass!?

* Which mass scheme is being measured in kinematic reconstruction methods!?

* Mass extracted corresponds to the Monte Carlo (MC) mass.

* How can one relate the MC mass to a well-defined
renormalization scheme?



Top Mass Schemes

mgole — mt(Rv :u) T 5mt(R7 U)

Sy (R RZZank[ ! rlnk

n=1 k=0

J|=

* Different schemes correspond to different coefficients and values for “R”

S : m(u), R =m(u);
RGI [2] : MRGI, R = mRpar;
kinetic 3 . T kin R = :ul}in;
1S [4] : mis, R = mlSC’FOzS(,u)
PS [5] : mps, R = ,uf .

“Top Resonance Mass Schemes” R ~ I, (Fleming, Hoang, SM, Stewart)




pole

my — mt(Rv :u) T 5mt(R7 U)

omy (R, ) = RZZank[ = rlnk%

n=1 k=0

e MSR mass scheme:

(Hoang, Jain, Scimemi, Stewart)

r
Mpole ¢ .. M ™ (R)
Define using MS coefficients @, ‘,

No ambiguity, R > Aacp v/

Compatible with Breit Wigner, R~T: v




Top Mass from Direct Reconstruction
qet

b-jet
Kinematic Fit:

m? = p: = (pyp +Dpy1 + pr2)’

get




Top Mass from Direct Reconstruction

CMS-PAS-TOP-14-002
OMS Proliminary, 18215, (§=8TeV

Kinematic Fit

» Selected objects: ¢
4 untagged jets .. _- _ - ‘l ‘
2 b-tagged jets =1~ =

» Constraints: = W boson & = W boson 100

Events /5 GeV

2x m;; = my, :
mtop = mnb 1= m anmop CEJ 1.5
® 1
©
(]

0.5
% " = b 4356 events "{" [GeV]
b

t -

w all-jets channel at 8 TeV

N Eike Schlieckau - Universitit Hamburg September 30th 2014

Use Monte Carlo Simulations for templates



Determine best fit value for Monte Carlo top-mass parameter
CMS: mM® =172.44 + 0.49

ATLAS: mMC = 172.84 + 0.70

pole — MSR

my My, My 7, .. hadrons

Theory (QFT)

Simulation

shower
(Monte Carlo) A = 1GeV

MC No Ambiguity

, Breit Wigner
Experiment

Definition ?



Top Pole Mass from Total Cross-Section

* Clean interpretation of top mass scheme is possible from cross-section

measurements

S, [PP]

170 171 172 173 174 175 176 177 178

o™ P(pp — tt) = 0, t (mt)

m [GeV]
Experiment
m; [ GeV ]
NNPDF3.0  173.8717
MMHT2014 1741735 NINLO+NNLL

CT14 1743755

(Czakon,Fielder,Mitov)



Threshold Scan

(Fadin, Khoze; Peskin, Strassler;Hoang, Manohar, Stewart, Teubner; Kuhn,
Martinez, Miquel; Beneke, Kiyo, Schuller; Kniehl,Penin,...)

* Clean interpretation of top mass scheme is possible from Threshold Scan

: : 16 — . . — -
Top pair-production at threshold E X :
14 ~ (b) o .
* Shape of cross-section sensitive to top mass. 12 g oI
* Top width provides IR cutoff. Y 1o AR -
: o 08 = - - = = = =7
* Non-perturbative effects are small. o - .
. 04 _
Physics well understood 0 E LL, NLL, NNLL
00 L 1 S
* NRQCD is the appropriate EFT. 346 347 348 349 350 351 352 353 354
* Well-defined relation to short distance mass; eg.|S mass /s (GeV)
* Precision:
Theory(QFT)
(5mt ~ 100 MeV
Simulation
(Monte Carlo)
Experiment

(Future Experiment?)



Improving Top Mass Measurement at the LHC

MP® = m, + (nonperturbative effects) + (perturbative effects)

* Observable must be kinematically sensitive to the Top Mass

* Observable must be theoretically tractable

* Observable must have well-defined relation to top mass scheme

e Control contamination from hadron collider environment

Theory(QFT)

!

Experiment

Simulation
(Monte Carlo)

~
~



Boosted Top Quarks

* Boosted top quarks provide first simplification

. . ‘¢ 9 Low top pt High top pr N
* Decay products contained in a “fat” jet
bOOSt 7
32.2:"'"u'"|'"'|""|""|'"'|""|""|""|': 050 ’
= 21 ATLAS Preliminary - SimulationI
o 1.8 L, -
<160 Py'thla /-t t— Wb_f 200
1.4;_ = CMS Preliminary 19.7 fb~! (8 TeV)
1.2;_ 1 150 %10_2 [
1:_ - g | — CMShData
L — — —®— Powheg v2 TuneCUETP8M2Ty4
08:_ 100 \E: : —®— Powheg v2 TuneCUETP8M1
0.6 I -
0.4;— 30 % 1073 — $ .
0.2 : S CMS-PAS-TOP-16-021
SRR P P R PR P AT R L] r $ |
0O 100 200 300 400 500 600 700 800 900 0 i
top p. [GeV] I
1074 —
(a) t > Wb F
o) ;l 1 | I 1
® 13 =
N A 1.2 =
Rule of thumb for decay products: 5 - |
S o8 =
AR b N 2mt ég‘%%lllllllllllllllllll'llllll'llll'lll
[ [ 9 .4oo 500 600 700 800 900 1000 1100 1200

Particle-level t jet pT (GeV)
Pt e



Theory Issues at Hadron Collider

Jet observable

Clear relation to top mass scheme
Initial state radiation

Final state radiation get

Beam remnant .
b-jet
Parton distribution functions

Color reconnection
Underlying events, pile up ;

Summing large logs



Theory Issues at Hadron Collider

Jet observable *

Clear relation to top mass scheme * e'e —ttX
and the issues *

Initial state radiation

Final state radiation *
Beam remnant

Parton distribution functions

Color reconnection *
Underlying events, pile up

Summing large Iogs*




Top Mass From Jet Distributions

(Fleming, Hoang, SM, Stewart)
eTe” — ttX

* Top jet hemisphere mass distribution sensitive to top mass:

2 N2
d2 O M; = (Zpéb) soft particles M = (sz)

1€ Xy 1€ X 7
d M 2 d M 2 n-collinear n-collinear
t t — =
« ‘—;\; \\i‘,: — th rU_St
__——— —— | axis

* Peak region:
2 2
M fg—m

™

hemisphere-a hemisphere-b

~]'<Km



Top Mass From Jet Distributions

1o _
e'e — ItX
Boosted top quark pair-production:

Q > my > 1y > AQCD

[ . T

, Non-
CME Top M Top Width
nergy op Mass — lop WV perturbative

scale

Four scales in the problem!



A Symphony of Effective Field Theories

Integrate out
Hard Modes

Factorize Jets, Integrate
out energetic collinear —>
gluons

Evolution and

decay of top ——>
close to mass shell

Soft
( ...... Cross-Talk ....... )

Q > my > 1 > AQCD



Factorization Formula

Soft

Cross-Talk =~ >

Hard modes

integrated out y . .
& Hard” collinear modes

l integrated out Evolution and decay
l of top quarks close
do Q to mass shell
— 0y H H (mj — ) )
thQ GUWE2 Q(Q’ ’um) m ’ m y oy [ Soft cross-talk

« / dﬁdz—&(gt QU u) B_(ét QF 1. M)S(ﬁ,%, )

m.j m .y




Top Mass From Jet Distributions

do
dM? dM 52

Q)
— 0y HQ(Q) ,um)Hm my, —, tm, W
mj

x/dﬁde—&(gt Qﬁ,rt,ﬂ) B_(ét Qg_,rt,u)sw,e—,u)

m.y m.j

* HQET Lagrangian determines dynamics of top-jet functions B:

Ly = hy, (ivs - Dy —@ %Ft)hvi Om = Mpole — M

* EFT power counting defines the “top resonance” mass schemes:
0Mm, ~ §t ~ §f ~ [
* Note power counting of EFT breaks down for MSbar mass:

om ~ a.m>1T



Top Mass From Jet Distributions

do @)
thQ dMEQ — 00 HQ(Q) :um)Hm (mJ7 m—J7 o :LL)
A 0
X /d€+d€_B+ (ét o Q—7Ft7U) B_ (éf_ Q—aFtvu)S(€+7€_7M>
m m gy

[ 7
my = Mo — F(&>+ /) QAocp

T
d?o

dM, dM;

0.02

0.01

7 > 0.00
m/ 174 178
J 176
176 °
V- M, Gev) * Clear relation bet.vx./een top
! mass and peak position

(G@V) 172



Top Mass Calibration of Monte Carlo

(Butenschoen,Dehnadi,Hoang, Mateu,Preisser, Stewart)

1 do 1 do 1 do
o dr, o dr, o dr,
! ! ! ! 500" T T L T _r 700._ L T T 3
350. 450 650z_Q = 1000 GeV
300¢ 200k 1  600F
2505 350E 5505- ;
- : ] 500F 3
200} 1 300f 1 0k A
150; —+— PYTHIA (incompatibilty uncert.) ] 2505 + PYTHIA (incompatibility uncert.) + —— PYTHIA (incompatibility uncert.) 3
—— Theory (NNLL perturbative uncert.) —— Theory (NNLL perturbative uncert.) 3 4005- —— Theory (NNLL perturbative uncert.) 3
1000 o oy ] 200k 350 ]
0.1305 0.1315 0.1325 0.1335 0.0985 0.0990 0.0995 0.1000 0.1005T 0.1010 0_0I625 O.OIG3 0_0I635 T — ————
i 2 2 y 505_MSR scheme at NNLL || mMC = ]
; 173 GeV |
o 100F .
* Monte Carlo top mass is found to be closer to the sol |
OI PP B | N |
MSR mass than the P()Ie mass. 1715 1720 1725 1730 1735
m"SR(1GeV)
150k MSR scheme at NLL E
100F r
50F ;
0:| T s |:
171.5 172.0 172.5 173.0 173.5
m*R(1GeV)
1505_p01e scheme at NNLL _
100F :
50f ;
O:I . . NPT
171.5 172.0 172.5 173.0 173.5
pole
t
Expe” ment soF pole scheme at NLL _5
100F :
505- Hﬂﬂh‘m—\L -
O:I 1 . - ]

1715 1720 1725 1730 1735

pole
t



Theory Issues at Hadron Collider

Jet observable

Clear relation to top mass scheme
Initial state radiation

Final state radiation

Beam remnant

Parton distribution functions
Color reconnection

Underlying events, pile up

Summing large logs

qet

b-jet



Factorization for Boosted Tops at Hadron Colliders
(Hoang, SM, Pathak, Stewart)

* Lepton collider methods can be extended to hadron colliders.

* Make use of the 2-Jettiness event shape. (Stewart, Tackmann,Waalewijin)

Fat Top jet

\\\"// ~- Soft radiation
Beam Jet

Beam Jet

Fat Top jet
d?o
dM?%,dM?3,dT cut

= tr[HomS(T", R,...)9F|®Jp ® JpQII Q f



Factorization for Boosted Tops at Hadron Colliders
(Hoang, SM, Pathak, Stewart)

d’o . .
=tr|HomS(T"" R, ... )0F|@Jp @ J II
dM?2, dM?2,dT v r|HomS( R.,...)0F|®Jp® JgRIIQ [ f

Hard function Soft function \ / ISR  PDFs

Top HQET
jet functions
(identical to lepton collider!)

* Jet mass spectrum is quite sensitive to
contamination:

Effect of UE/MPI
e Same soft model for

0.12
7\ I I I ‘ I I I I ‘ \ I I I ‘ I I I I ‘ I I I I I I I \7 . . .
. Pythiat f hadronization can describe UE
B I pp: pr = 750 GeV, R=1, pj*°= 200 GeV |
. ) (Stewart, Tackmann, Waalewijin)
<) i pp (Partonic), Pesk: 174.18 GeV ] 0.025 T B B B
512 | ] — - 300 < pp <400GeV  PYTHIAS AU2 1
~1% 004 _ L, 0020 sl<2,R=1 qg > Zq (1 TeV) -
| 8 Y\ partonic
| — 00151 — — hadronic+MPI
d = C — - — partonic + ) ]
o = N . i
170”' \1‘75\ [ \15‘50\ [ \15‘35\ | / 1&0‘ [ \15‘)5\ [ \200 E 0010__ : partonlc ®F .
. . M; [GeV] o C) .
Input mass in Pythia 5 00050 ! E
m¢= 173.1 GeV Significant contamination = -
0000 v 1 v T ——n
0 50 100 150 200



Soft Drop

(Larkoski, Marzani, Soyez, Thaler)
* Soft drop grooming reduces sensitivity for jet mass spectrum to

soft contamination. m
| g
% ﬁ% ’
min(pr;, pr;) (ARM )5 S
> Zeut z >z 9
pri + Py U\ Ry cut
Groomed jet Groomed Clustering tree

More Grooming Less Grooming

- B<0 B

>

B— o

T
o
o
\/
o



Soft Drop

(Larkoski, Marzani, Soyez, Thaler)

* Jet mass spectrum for massless partons:

Pythia8, partonic Pert QCD at ~ NLL
025 LA "I_'_"I' L D 025 L "I_'_"I' "I_' LR
plain jet —— plainjet  solid: mult. em.
— —
02 r F;;o | 02r E;o Sudakov factor
——— B=-05 ——— B=-05
0-15 _R=1,pt>3TeV i 0.15 _R=1,pt>3 TeV / i
z,,=0.1 z,,+=0.1
0.1 | - 01 | -
0.05 —// . 0.05 I J -
0 Ll I i I B a1 B 0 1 A A Za R 1 BT 1 B !
10% 10° 10* 10° 102 10" 10° 10% 10° 10* 10° 102 10" 10°
m2/p72 m2/p-|-2

More Grooming l ‘l' l l Less Grooming l
1
1

>
p = e B<O B=0 B>0 B e



Soft Drop Factorization

(Fyre, Larkoski, Marzani, Schwartz,Yan)

Factorize
Jet Function

Match to SCET A

( rSG(Zcut)

412~ Q? j 7

o 2/«
1 ,LL2 ~ Q2 (eg ))

J(es™)
)

———— AT
145 M C C Sc(zeures™

i () S L L

log 1 o * Factorization
z sott
1
log —5 1 d2 o" o" o o
* 6éa) R A woft dxoP slope 8 >0 de(a) ;Te(a) - H(QQ)SG(ZCHt) [SC(ZCUteg’I)’) @ J(eg’l)’)] [SC(ZCUteg’}%) ® J(eg’}%)}
fall 80 < awop 2,L "72R
pass &0
1 ~Sc(zeut ega) ) . . .
o8 - Batee) ™, collnear * Wide angle soft radiation groomed away
(@) T ‘ * No non-global logs
N L log L loé%



Top Jet Mass with Soft Drop



Top Jet Mass Constraints with Soft Drop

N\ 6 \(FZ}

£

* Top jet mass constraint in the peak region:

M2 — m?2 i 2 T I
= ~I'<m e  z|(1—cosb)- T (14 cosf)| ~ el

m

* Soft Drop constraint:

Q g I Q g 2myl’y
Z > Zcut 6/8 » (2m > m, 2, > <cut > Q2 o
removes usoft radiation

T \that satisfies jet mass
keep ucollinear radiation constraint (usoft

that satisfies jet mass contamination)
constraint

keep decay products



Soft Drop Constraints: Light Grooming

* Soft Drop constraint (soft radiation at wide angles are groomed away):

ﬁ Q g L Q g 2m L
2> Zeyt 07 =3 (%) >>E<%) > et > T

/ keep ucollinear radiation,
not touch top mass

removes usoft radiation
that satisfies jet mass
_constraint (usoft

| contamination)
“light grooming here”’
allowed region B=2

keep decay products

1
* Soft Drop parameter ranges are o1
restricted to “light grooming’: o2

* Greater allowed Soft Drop
parameter range at higher pT:

ultrasoft not vetoed @ =TT

500 1000 1500 2000
pT [GeV]



r;é : allowed region B =1
1075
T
- ultrasoft notvetoed =000 T ;
107 \ \
500 1000 1500
pT [GeV]
1 E
- ultracollinear vetoed
0.1
A0
3
N .
1073 : allowed region
10 e ;
ultrasoft not vetoed T ]
1070 ‘ \
500 1000 1500
pT [GeV]

g allowed region

ultrasoft not vetoed

1000
pT [GeV]

500

ultracollinear vetoed

Peak Region

More
grooming

L uItrgcoIIinear vetoe

B =2, pr =750 GeV

allowed region

1073

175 180 185 190 195 ¢
M, [GeV]
1 ‘ S
- ultracollinear vetoed--—""
0.1 B =1, pr =750 GeV
3 allowed region
N
02—
107342 \ \ ‘ ‘ :
175 180 185 190 195 y
M, [GeV]
1, |
ultracollinear vetoed B =0, pr =750 GeV

190 195 .

185
M, [GeV]



Soft Drop Constraints: Collinear Soft and
Global Soft Modes

k;b = (kT,k7, k1) = (E(1 —cos8), E(1+cosb), k)

N\ 6 \(FZ}
1

* Ultra-Collinear modes trivially pass soft drop (only constrained by
invariant mass of jet):

* Ultra-Soft modes trivially fail soft drop and don’t contribute to jet mass.

* A “collinear-soft” mode arises at the boundary that “saturates” soft drop
and jet mass constraints.

* “Global-soft” modes at large angles with energy comparable to ~ (zcu are
also sensitive to the soft drop constraint.



Groomed Jet Radius: Rqg

(Larkoski, Marzani, Soyez, Thaler)

z
A |
6:
Ol |
&1
S
Q7 .
S L
1 |,
loo — %
Og Zcut 1
R
> log—0

from decay products

do

do

[arbitrary units]

dR,

[arbitrary units]

dR,

[arbitrary units]

N e N

Pythia8

veto _

pPr =

mMC€ = 173.1 GeV

pp: pr = 750 GeV
200 GeV, 8 =2,R=1

Pythia,
Pythia,
Pythia,
Pythia,

zcut=0.1
zcut=0.05
zcut=0.01

zcut=0.005
zcut=0.001

0.3

\
0.5

0.1 0.7 0.9
Rg
ST T T T T ‘
Pythia8  m} =173.1 Gev _
— Pythia, zcut=0.1
4 pp: pr € (550, 750) GeV Pythia, zcut=0.05 ~
pY=200 GeV, 8 =2,R=1 Pythia, zcut=0.01
— Pythia, zcut=0.005
—— Pythia, zcut=0.001 B

! |
0.5

0.1 0.3 0.7 0.9
Rg
5-7 I Y L ‘ B
L Pythia8 m}M€=173.1 Gev , _
L m— Pythia, zcut=0.1 B
4 [~ Pp: pr € (450, 550) GeV Pythia, zcut=0.05 -
= p\;eto: 200 GeV, 8 =2,R=1 Pythia, zcut=0.01 N
L — Pythia, zcut=0.005 —
3 L — zcut=0.001 B
oy - _

0.1

0.3

0.5
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In(-)

@- Soft

Top Jet Mass with Soft Drop
Collinear Soft Mode

T Softer

Hyperconfining

<

) R
Collinear ! S ~ [




Factorization with Soft Drop

do
dM ;

_ N/dédk 5 (gt _ %,Ft,&m) So [(z - gk) w4 (zﬁchm)liB,g] Fe (k)

Now includes semi leptonic decays!



Zcut dependence

predict transition for “light Soft Drop” \/

most contamina
IS removed

012 { { { { ‘ { { { { ‘ { { { { ‘ { { { { ‘ { { { { ‘ { { {
i Pythia8 mM¢ =173.1 Gev |
\ , > 750 GeV, R=1 |
A bp- 1 e Pythia, zcut=0.2
| N veto __ _ |
0'09* pr =200GeV, 5 =2 = Pythia, zcut=0.05 |
— - — Pythia, zcut=0.02
% B — Pythia, zcut=0.01 N
G, i e Pythia, zcut=0.005
= - 0.06— —]
b S - Pythia, zcut=0.001 -
'U 'U | e iy |
—1 5 i 7 e == == = Pythia (No Soft Drop) |
I 7 S ]

7 o~
0.03— ~—— —
// _—
7 =
e
l l l l ‘ l l l l ‘ l l l l ‘ l l l l ‘ l l l l ‘ l l l
170 175 180 185 190 195 200

MJ [GGV]



predict:
independent of
Jet Radius -

0.12

Without
Soft Drop
(huge):

I — [ B R I B B B T T T | I
i Pythia8 m)¢ =173.1Gev
L pp: pr = 750 GeV
0.09 pr°=200, zey = 0.01 GeV, S =2
— Pythia, R = 0.7
% \,‘ — Pythia, R = 0.8
m— Pythia, R = 0.9
2 006 e
_g = e Pythia, R = 1.0
i |P§ e Pythia, R = 1.2
s Pythia, R = 1.5
0.03
—
e e e e Py N B
170 175 180 185 190 195
M_] [GCV]
s By B s B B B B
i Pythia8 mMC=173.1 Gev
B pp: pr = 750 GeV e Pythia, R = 0.7
N p=200,No Soft Drop ~ — . Pythia, R=08
0'09j s Pythia, R = 0.9
— B e Pythia, R = 1.0
% B e Pythia, R = 1.2
< 0.06— \ m—— Pythia, R = 1.5
_0.
315 | A
—| b L \\va
- >
0.03—
o v e e e by
170 175 180 185 190 195

M J [G@V]



Predict independent of cutoff
on radiation outside the jet (“jet veto™):

012171 N e e A B B B I
j Pythia8 mMC¢ =173.1 Gev |
- pp: pr = 750 GeV,R=1 |
B zcut =0.01,6=2 ]
0.09— _
— i e Pythia, ' =20 GeV |
|> - e Pythia, p¥*'° =40 GeV =
O - _

s Pythia, p©° =100 GeV
1(21 ~ 0067 ' !a p\jeto ) ]
Fg E - m—— Pythia, p7 =200 GeV =
= N = === = Pythia, No p** cut 7]
—| b o |
0.03— _
N U N T U IO T U I T Y I N ST TN NN NN SN I AN B ]
170 175 180 185 190 195

MJ [GCV]



Soft Drop prediction: Same Result for eTe™ and pp

Without
Soft Drop
(differ):

collisions

0.2 [ B B B B

~ Pythia8 mM¢=173.1 Gev -
_ No Soft Drop,R =1 |
016 — lo pp No SoftDrop(Had+MPI) |
- pp: pr =0 GeV, pr=200GeV L pp No SoftDrop(Had) _
_ -~ eet £;= 1200 GeV = = == = ee No SoftDrop(Had) -
- - ]
% 0.12? ]
9, I ‘ L ik ] \ a
~ | / . e B u e, ]
% ‘ = B T ": . N
S 0.08— S < —
‘_1| b B / 0' M ’.~ ----------- -
i . '0 . . ® . \~ .. S T |
L ‘/" . " . ! ~ . ., .. -
004* ‘0 . . ~ " e, . _
A o NSl i
- " . L . . ° g L - - -l : ;
I I I I ]

170 174 178 182 186 19(



Soft Drop prediction: Same Result for ete™ and pp
collisions

With
Soft Drop:

O.2k [ I B R B B _
~ Pythia8 mM®=173.1 Gev _
B =001GeV,8=2,R=1 i
G reat! 016 Zeut eV, p s pp SoftDrop(Had+MPI) |
. . veto __
- Ppipr=730GeV, pri=200GeV pp No SoftDrop(Had+MPI)
_ ee: E;= 1200 GeV e pp SoftDrop(Had) _
T> 012 ™~ X mEm=n== pp No SoftDrop(Had)  —
@ B = == e SoftDrop(Had) ]
% g ee No SoftDrop(Had)
= 0.08
=l B Y A 4N .\ QS U
0.04
] I R R B B B B L
170 174 178 182 186 190
much smaller M; [GeV]

contamination



Compare Simulations to Our Theory

(preliminary)



Pythia Simulation vs. Theory (with Soft Drop)
mP = 171.8 GeV

without
contamination:
mM© = 173.1 GeV
R \ ) \ -
) . pp: pr = 750 GeV, pj°= 200 GeV
0.2 2. =001GeV.g=2.R=1  _
T> 0_15k Theory Hadronic: my °%_171.8 GeV -~
G B (Q, %) = (5.GeV,0.2) i
5| S Pythia Hadronic: mMC = 173.1 GeV
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Pythia Simulation vs. Theory (with Soft Drop)

mP = 171.8 GeV

with Same!
contamination: mMC Z 1731 GeV

| ‘ W W W | W W W W ‘

- pp: pr = 750 GeV, pJe°= 200 GeV

0.2 | .z =001GeV,8=2,R=1 -~
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S S Pythia Had+MPI: mM€ = 173.1 GeV _
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0.05
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Dominant change is expected: (1 (hadronization)



Pythia Simulation vs. Theory (with Soft Drop)

Add uncertainties from

- .- Translation of theory uncertainties to
scale variation:

the fit parameters is in progress.

- i | ! | | | | | )

- . pp: pr = 750 GeV, p{°=200 GeV |

0.2* 'z =001GeV,8=2,R=1 ]
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Pythia Simulation vs. Theory (with Soft Drop)
QC

T

(€21)"

Testing sensitivity to
higher moments:

0y = / dk k Fmedel(k) Xy =

- | \ .
- . pp: pr =750 GeV, =200 GeV |
0.2* 'zt =0.01GeV,B=2,R=1 ]
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S i} § / 0, =74GeV,x,€(02,04) i
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Summary

* Dominant uncertainty in top mass is identifying the
renormalization scheme.

* Requires a QFT factorization framework, with clear top mass
scheme information, to be compared to simulation or data.

* Discussed a new factorization framework for boosted top quarks.

* Exploited soft drop grooming techniques to reduce sensitivity
to contamination.



