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Top quark mass 

BSM:
 The top  and the  stop
 
      

Top quark and  the Higgs boson
     Four Tops ? ttH

1)1)

Summary and perspective 

Slide 2

Probing EW couplings:
single top,
top quark width, 
 ttZ, ttg, asymmetries  

 

G.Chiarelli, CDF

ttH  candidate

Introduction
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Introduction

Run2 will set the standards
 for some  time. Need
to exploit it optimally

Slide 3

CMS DP­2018/058
1907.05120

https://arxiv.org/abs/1907.05120
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Introduction

Run2 will set the standards
 for some  time. Need
to exploit it optimally

Precision of 
theoretical 
calculations 
matters more 
then ever
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A bit of history
Results
How do we measure it?
What do we learn from the top quark mass?

C. Quigg, from G. Chiarelli at EPSHEP2019

Precision tests of
SM consistency
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Results ATLAS combination, 2018  172.7 +­ 0.25 +­ 0.41   GeV
CMS Run 1 legacy               172.4 +­ 0.10 +­ 0.50   GeV
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How do we measure it ?
* Direct measurement from top decay products.

 →MC mass m
t 

MC as defined in Monte Carlo

 → experimentally, highest sensitivity <500 MeV
 → improved understanding of non­perturbative

    effects needed for increased precision

All jet final 
state
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How do we measure it ?
* Indirect measurements sensitive observables (cross­
sections) + theory

 → Use a well defined scheme( mt  
pole  ,   mt(mt) )

 → approaching < 1 GeV precision
* Combine different measurements to constrain 
uncertainties

ATLAS­CONF­2019­041

Most precise yet from tt+1j at 8 TeV
+NLO  arXiv:1905.02302

ρs=
170 GeV

mt t̄+1 j
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How do we measure it ?
* Indirect measurements sensitive observables (cross­
sections) + theory

 → Use a well defined scheme( mt  
pole  ,   mt(mt) )

 → approaching < 1 GeV precision
* Combine different measurements to constrain 
uncertainties

Running mass  from differential x­section CMS­PAS­TOP­19­007
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How do we measure it ? 
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What do we learn from it ?  Top mass as a link from Lagrangian to 
data (Tilman Plehn , summary TOP2018)

tH coupling
arXiv:1205.2893
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What do we learn from it ?  Top mass as a link from Lagrangian to data 
(Tilman Plehn summary, TOP2018
list of “theory concerns”)
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Top quark Yukawa coupling

Linked to the hierarchy problem.
Are there any scalar partners?

t

t

so far in agreement with SM

Indirect measurement of yt, details in 
arxiv 1909.02845 
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSIC
S/CombinedSummaryPlots/HIGGS/
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Indirect measurement

CMS HIG­18­029
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Top Yukawa coupling
Direct assessment    tttt  (4 tops)

          Sensitive to BSM effects. 

Not yet observed : σtttt  (SM) ~ 12 fb
NLO

PAS-TOP-18-003

same sign dileptons + ( ≥ 3 l)+(jets): 
      fit many signal and control regions       

signal significance  2.6 (2.7) σ obs(exp.) 
                                               
 Top Yukawa coupling: |yt/ySM

t| < 1.7  @ 95%
     
     complementary to coupling extraction in ttH & tH

(Indirect from tt kinematic:
  |yt/ySM

t| < 1.6  @ 95%  
 CMS-TOP-17-004)
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Top Yukawa coupling

Direct  measurement

Lots of final states, 
small cross­section.

Higgs branching fractions   x  top pair branching fractions

σ ttH∼0.507 pb
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The top quark and the Higgs boson 

Top Yukawa coupling,  ttH,
First observation of SINGLE ttH channel 
with 4.9 σ  (   4.2 σ  exp)

Slide 17
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ttH, example multilepton analysis:
 

Irreducible backgrounds, tt V and VV, estimated in MC and validated in 
data . ttZ, ttW, tt g

are interesting processes
by themselves and give direct
access  to the top electroweak
coupling

          validation
      ttZ            ttW



       Anna Lipniacka   

T
op quark m

easurem
ents and selected B

SM
,

T
op quark m

easurem
ents and selected B

SM
,  PIC

2019
 PIC

2019

The top quark and the Higgs boson 

Slide 19

The top Yukawa coupling, combined fit. 
 

arxiv 1909.02845

 → Allowing only SM particles in the loops

 → Allowing one BSM contribution

y
t
/y

t
SM = 1.02+0.11

­0.10

y
t
/y

t
SM = 1.18+0.23

­0.23
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LHC best combined precision 7@8TeV:
    ATLAS+CMS X-section: ~ 7% (t-channel) 

 NLO+NLL predictions ~ 3 % (t-channel)  

JHEP 05 (2019) 088| fLV * Vtb | = 1
within ~ 4%

(fLV form factor for BSM contributions) 
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LHC best combined precision 7@8TeV:
    ATLAS+CMS X-section: ~ 7% (t-channel) 

 NLO+NLL predictions ~ 3 % (t-channel)  
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Most precise indirect measurement, CMS  measuring:

assuming SM :                                         →

with  fLV= 1    R  gives: 

­l
og

(p
ro

fil
e 

lik
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ih
oo

d)
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l­

M
lb

Different widths

Profile­likelihood 
template fit to Mlb

ATLAS­CONF­2019­038

top width

Γ=1.94±0.5 GeV ( for mt=172.5 GeV )
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4 and 3 lepton channel, CMS



       Anna Lipniacka   

T
op quark m

easurem
ents and selected B

SM
,

T
op quark m

easurem
ents and selected B

SM
,  PIC

2019
 PIC

2019

Probing the top EW coupling:  ttZ

4 and 3 lepton channel, CMS

Phys. Rev. D 99 (2019) 072009

NNLL    +0.02

(SMEFT , SM Effective Theory)
L ,  scale of  BSM physics

Slide 25
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Eur. Phys. J. C 79 (2019) 382

ATLAS single lepton and dilepton channel

Fiducial x­section accuracy  and the 
theory  error comparable



       Anna Lipniacka   

T
op quark m

easurem
ents and selected B

SM
,

T
op quark m

easurem
ents and selected B

SM
,  PIC

2019
 PIC

2019

tt, top charge asymmetry,  A

Slide 27

C
●SM :AC results from the interference of HO 
amplitudes in qq and qg  initial states : t prefers 
q direction. Small effect,  enhanced @ high tt 
mass ( mtt ) and  longitudinal tt  boost ( βtt ).
 ATLAS  full Run 2 analysis lepton-jet 
topology 

new

ATLAS-CONF-2019-026
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C
BSM Limits:
on coeff.  dim-
6 EFT 
operators C-/Λ2

Run 1 results  arxiv 1709.05327

ATLAS-CONF-2019-026
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● QCD parity-invariant, top quarks are not polarized, 
but spins are correlated. Possible BSM effects.

Possible spin correlation sensitive variables (leptonic topologies):

ATLAS :                                                       arxiv 1903.07570

CMS : angles in the scattering plane and perpendicular plane
arxiv 1907.03729

Δ ϕl + l- , Δηl+ l-
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●  BSM  or NNN..LO ?
ATLAS, more spin correlation than in SM ?:
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●  BSM  limits

Anomalous Chromomagnetic 
Dipole Moment

stop quark in the “corridor “
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Is there a  stop around the corner?  Large Xt could 
make the stop  the lightest squark.

In MSSM The Higgs boson mass  is  mass related mostly to
 stop squark mass   and mixing Xt
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Large Xt favors a light stop state (stop 1). This “promotes” gluino decays via stop, and  
“top”­ rich final states, mediated by stop  LSP+top→
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New results from CMS :stop CMS-PAS-SUS-19-009, gluino with 
tops: CMS-PAS-SUS-19-009 



       Anna Lipniacka   

T
op quark m

easurem
ents and selected B

SM
,

T
op quark m

easurem
ents and selected B

SM
,  PIC

2019
 PIC

2019

Summary and prospects

Slide 34

LHC Top quark physics is in precision era.

­Top quark mass experimental precision ~0.3% and
coupling precision reaches 4%.

­More to come soon from the  full analysis of Run 2.

Will theory be up to the task?
­Advances beyond QCD (N)NLO crucial.
­EW NLO cannot be ignored.

­Needed to pin­point the  energy scale of BSM
physics .. that still remains hidden 
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The spin  correlation susy interpretation 
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stop limit sensitive 
mostly to Δ η 
distribution, in 
agreement with SM
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The MSSM

tan     v2/v1
If R­parity conserved, LSP is a Dark Matter candidate.f R­parity conserved, LSP is a Dark Matter candidate.Slide 36

R parity ,R=−12J+3B+L , R=−1 for Sparticles , R=1 for particles

particle spin I sparticle spin name

W̃±. , H̃±.

B̃ ,W̃ 0 , H̃ 1
0 , H̃ 2

0

̃tR , t̃ L

b̃R ,b̃L

τ̃R , τ̃ L
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SUSY and top relation? What is the reason for the Higgs 
boson mass?

There are 5 Higgs bosons in the Minimal Supersymmetric SM, the lightest one is 
lighter than ~130 GeV Its mass related mostly to stop squark mass (Ml, Mr) 
and mixing Xt

   M h=125.09±0.xx (stat )±0.11(syst ) GeV (ATLAS ,CMS)
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