EEEEEEEEEE

Precision Measurements of the
Top Quark Mass

New Phenomena at the TeV Scale
With Top Quarks

Lucio Cerrito
University of Rome Tor Vergata

13.06.2018 — VRIJE UNIVERSITEIT BRUSSEL



£ Outline

L

EXPERIMENT

* The top quark and its mass

* The ATLAS Programme

Direct " Indirect
w

Full Invariant Mass ¢ \ T ssol. | e —— wewaewio |
/ .E. B \ ATLAS _—— g.’s-"l;,vzfvl;-agNNLO uncertainty _|

% 7 D CT10 NNLO uncertainty :

b $ 300 s1es —_ xxﬁgggxxtg uncertainty ™|

\ g B ’ . E:;;Z&;:;‘;b_,}vsmt i

O 250k ]

] L] + : -:
Partial Invariant Mass ' 200] ]
: =

w 150 e

N |

’ I R A BT S AN BT B e

1,y =

t ) 164 166 168 170 172 174 176 178 180 182
/ m " [GeV]

Lucio Cerrito - Precision Measurements of the Top Quark Mass -



Brief introduction to top quarks
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Three Generations
of Matter (Fermions)

= __ vw Top Quark:

» Particle type: weak isospin
partner of the bottom quark

» Spin: +1/2

» Mass: approximately 173 GeV/c?

<22ev <15.5 MeV » Width: ~1.5 GeV/cR or ~10=4 g
0 0
Y Ve Ys VT

» Couplings: Strong (color triplet),
EM (Q=+2e/3), Weak (Izs1=+1/2)

electron muon tau
neutrino nheutrino neutrino

0.511 MeV 105.7 MeV 1.777 GeV

1 1 1

electron muon tau

» Decay: almost exclusively to W+b

Bosons (Forces)

Leptons
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Top quark discovery: 1995

ATLAS

EXPERIMENT

The search for top lasted almost two decades. Its heavy mass delayed
discovery. The reason(s) for such mass remains... a mystery.

VOLUME 74, NUMBER 14 PHYSICAL RE’
£ April 1994: “Evidence for top production
Pt { at the Tevatron” CDF
o 2 PRD 50, 2966 (1994).... lum =19 pb-'
- H 150 pages ..... 2.8 0 excess
* broper Time (59 Mtop = 174 (16) GeV & o(tt) = 14 (6) pb
° March 1995: CDF and DO announce
simultaneously the discovery of the
A Top Quark
! Numberof Jets CDF: PRL 74, 2626 (1995) .... 67 pb-!
FIG. 1. Number of events before SVX tagging (circles), DO PRL 74, 2632 (1995) 50 pb-1

number of tags observed (triangles), and expected number of
background tags (hatched) versus jet multiplicity. Based on
the excess number of tags in events with =3 jets, we expect
an additional 0.5 and 5 tags from 77 decay in the 1- and 2-jet
bins, respectively. The inset shows the secondary vertex proper
time distribution for the 27 tagged jets in the W+ =3-jet data
(triangles) compared to the expectation for b quark jets from

1 decay Experimental top physics begins
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) Origin of the top quark mass

L

EXPERIMENT

| I | I | | | | | | I | I I | | | | | I I I I I I I I (7)] - I I I | I I ]
= 45 ATLAS — YY + jets E
ATLAS -e— Total Stat. [ Syst. B SM 2 4of_\l§= 13 TeV, 79.8 fb” - ti* Ty 3
Vs=13TeV, 36.1-79.8 fb" " b [ tiH E
Total Stat.  Svst e Fitted total 3
| °a e b 30F —+— Data =
ttH (bb) H = H D7/t - (t = t(05] o5 0-lep, > 3jets, > 1 bjet 3
20%_ 2. 105 GeV <m,, < 160 GeV _E
fiH (muttlepton) HE 156+ 08 (+02.:08) | 15 * E
105 Y, E
ttH (vy) —==— 189 f (0 ) 5E Ji ; E
0: — welua . -
iH (22) k <1.77 at 68% CL 0 50 100 150 200 250 300 350 400 450 50(
_____________________________________________________________________________________ Top candidate mass [GeV]
Combined H=—H o (T0e
| | | 1 | | | | | | | | | | | | | | | I | | | | I | |
—1 0 1 2 3 4
SM
GttH/ OitH

ATLAS Collaboration, arXiv:1806.00425
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&  Top in the standard model: mass

ATLAS

EXPERIMENT

te "ute

+ From the EW Fits
- pp colliders limit

+ e+e- colliders limit

= CDF Run1

m DO Run1

m Run1 World Average

10 L - - D0 Run2 result

: e ] e CDF Run2 best measurement

Top Mass (GeV/c2)

0 d E

] 0 <1995 from hep-ph/9|704332
. . ' I I I . I

1989 1994 1999 2004
Year

| | | | | |
T T T T T
10

The mass spectrum of elementary particles

-The SM needs 3 generations (— CP violation)

trQ-= EQ= ~1+ (%-yg)- 3=0

-Only b-quark not enough (renormalisation of SM) ot
h h h S

W W

-Mtop iS a free parameter... but experimental
evidence suggested a large-ish top mass before its
discovery because of e.g. FCNC in Kand B 2

Lucio Cerrito - Precision Measurements of the Top Quark Mass -




& Top in the standard model: mass

ATLAS
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Radiative corrections to the
W mass calculation:

2
AM,, « M;
. .....i:l ..... .. | I | | |
W_i___" 150 175 200
Logarithmic in the Higgs mass: m, [GeV]
AM,, «In(M ;)

The top mass enters many EW parameters, with sizeable corrections.
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2 The Higgs “Naturalness” Problem

EEEEEEEEEE

Radiative corrections to the Higgs boson mass diverge with the SM cut-off energy (A\)

W/ZIy

O e

A ~10" GeV?
H (bare)

Gauge H (loop)
53]

mH~126 GeV vz

F Maltoni, LHCP2013

Top

The large top quark mass (173 GeV/c?) gives “un-naturally” large corrections.
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& lop in the standard model: lifetime

ATLAS
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The large width of the top quark implies a very short decay time:
I't = 1.5 GeV  correspondingto 7 ~ 9 - 107%° s

This is one order of magnitude larger than the hadronisation scale:

A~02GeV o Tm~107%*s

top is the only quark which is created and decays as a free quark

b
spin=1/2

V-A coupling

W+

spin =1
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The role of myep In the SM
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Particle Data Group (December 2017)
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£) The role of myep In the SM

Nx 10 : ] ] ] ] ] ] ] | ] ] ] | ] ] ] ] ] ] | ] ] ] g__
S gFE N el fitter suff 3,
= SM fit w/o m, measurements =
8 SM fit w/o m, and M,, measurements I
7 E -@- ATLAS [ATLAS-CONF-2017-071]
6 - -l- CMS [PRD 93, 072004 (2016)] =
5 = ~#- DO [PRD 95, 112004 (2017)] =
= CDF [CDF 11080 (2014)] =
e e A — 20
3E =
2 =
1 ] e T (LR EEEEEEEEEEE —1o
0 [ | ] ] ] J ] ] ] ] | ] ] ]

178 180 182
m, [GeV]

170 172 174 176

GFltter, arXiv:1803.01853 [hep-ph] (Mar 2018)
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ATLAS

EXPERIMENT

Top Mass and SM Vacuum Stability

Vio(6) = —5mA(M)e*(8) + MM D), o~ A>> 0

Quartic may turn negative in UV—> Vacuum Instability

Test mtwith 250 MeV preC|S|on Degrassi et al, arXiv:1205.6497 [hep-ph] (2012)
,,,,,,,,,,,,,,,,,,,,,, Andreassen Frost Schwartz 2017
180 p—= — = .
- L 107 . 16
200 Instability i — 10
> - Instablhty — . M_etaéétablhty, -
> e O L " o __// v/-j ’E- _Jf:;: 5 - . .- - : .- - - o
S 130 o g E175E o ’ :
g g\e\'&/ :I; g m— ]
- N g 2
é 100 Stability 5 g i -
§ : % 3 170 s e : o ” : - '7.:.:;:_,5-'-:_11" 2
2 12 -5 _ i
» - Q? l ?:;,1:,11311_1111"::ﬁf Stablllty 5
e ____ _ 65— . ..
0 50 100 150 200 115 120 125 130 135
Higgs mass M), in GeV Higgs mass M), in GeV

Figure 5: Regions of absolute stability, meta-stability and instability of the SM vacuum in the M;-
My, plane (upper left) and in the \—y: plane, in terms of parameter renormalized at the Planck
scale (upper right). Bottom: Zoom in the region of the preferred experimental range of My and
M, (the gray areas denote the allowed region at 1, 2, and 30 ). The three boundary lines correspond
to as(Myz) = 0.1184 + 0.0007, and the grading of the colors indicates the size of the theoretical
error. The dotted contour-lines show the instability scale A in GeV assuming as(Myz) = 0.1184.
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Mass-Energy of a
particle

m2=E2 — p2

Figure by A. Signer

We would want the mass parameter in the SM Lagrangian — The top mass
parameter in a theoretical calculation of the SM must be defined within a
given renormalisation scheme

One such scheme is the Pole Mass scheme: m

Need to subtract the UV divergences p
in the self energy
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) The Mass of the Top Quark 7
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Divergent perturbative corrections arise order by order in perturbation theory.
In the pole mass scheme the divergent mass corrections are subtracted in
such a way that the pole in the quark propagator remains fixed, order by
order in perturbation theory.

(

ﬁ — Mpole

St (p) ~

Pole mass = pole of the propagator

On-shell renormalisation

In the MS scheme the position of the pole in the top propagator receives corrections at
all orders in perturbation theory.

mp =m + 7.557+1.617+0.501 + 0.195 & 0.005 GeV. P Nason
NLO NNLO NS3LO N4LO

Relation pole/MS mass at 4 l00ps: (Marquard etal, PRU15) — AM_ o ye= 195 MeV

HOWEVER: Pole mass is a physical mass for free particles like electrons,
but for heavy quarks it exhibits an ambiguity O(Aqcp) (Braun,Beneke’94)

MSR masses in terms of an infrared scale R

Difference between Pole mass and MSR mass (“renormalon” ambiguity) of order 110-250 MeV
(Beneke et al., Phys. Lett. B775 (2017) 63-70, [1605.03609]; Hoang et al JHEP 09 (2017) 099, [1706.08526])

Lucio Cerrito - Precision Measurements of the Top Quark Mass -



) Possible Strategies

TLAS

EXPERIMEN

There is NO consensus on how to interpret top mass at O(300 MeV).
See also: Corcella et al., 1712.05801, Butenschoen et al. PRL 117 232001

“Direct” measurement

Measurement from mass of the
system of the decay products

Problem:

Mtop cannot be defined in terms of the
mass of the system of its decay products

Since top is a coloured object, no final-
state hadronic system can unambiguously
be associated with it

“Indirect” measurement
Measurement from a property which
depends on top mass

e.g.. production cross section + a theory
that relates top mass and production rate

Problem:

“Fixed order calculations of kinematical
distributions involving top quarks are also
subject to soft radiation and non-perturbative
effects, and thus cannot be considered as
privileged pole mass determinations, to be
presented in isolation from those obtained with
direct measurements. If the former can be
considered pole mass determinations, the same
holds for the latter. Notice that this also holds for
total cross section.”

P. Nason
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£ The ATLAS detector at the LHC

ATLAS

EXPERIMENT

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Muon Detectors Electromagnetic Calorimeters

ATLAS

Solenoid .
Forward Calorimeters

End Cap Toroid

= : »2 T magnetic field for ID

"mli,vs—:\\‘. S N —— ' = »Inner detect.ors [nl<2.5
e =12 o5 036% o1 5% eVl
b K \!.f \\ = V. (o} . (o}
;,-i‘?h—% »IP resolution: ~22um

» e/Y: o(E)E = 10% / NE®1%

»Muon, resolution <10% up to ~1 TeV

A .

: :
N\—'—‘=
A,

e

\ - S o | E——— | Calorimeters | | Muon detectors |
i X\ e ' L1 trigger
3 Q. A v
— N Calorimeter triggers Muon trigger
NN EM =
il - = Jet SE; u
. I I ]
1 4 = L | |
Barrel Toroid Inner Detector 2 ; Shielding " Central trigger
Hadronic Calorimeters ’
processor
Ne——
Timing, trigger and .
control distribution Regions-
T of-Interest
v v ¥
Detector tront-endsl I L2 trigger | | DAQ |

R Achenbach et al 2008 JINST 3 P03001
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&)  Pair production in hadronic collisions

ATLAS

EEEEEEEEEE

quark annihilation
(~85% at the Tevatron)

NOTE: Production
through virtual Z and y
are much smaller

Computed with: Top++ NNLO+NNLL, mt=173.3 GeV, arXiv:1303:6254 (2013)

¢
gluon fusion 4 _
(~90% at the LHC) SNy B
Expected production rates
Collider |dtot [pb]| scales [pb] | pdf [pb] |« ~70k/y tt @ Tevatron
Tevatron | 7.164 | 70000000 | Tousaian) | *~6Mly tt @ LHCS
LHC 7 TeV | 172.0 | T33050) | Tiatosw | *~I100M/y @ LHC14
LHC8 TeV | 2458 | T0U0%0) | Toaen) * theory precision:
LHC 14 TeV| 9536 | “330Gie%) | “1z.aow) | ~3—4%D3%(Am)
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£ Single production in hadronic collisions

ATLAS

Single (EWK production): 25
1 8 g ! 200

I th Tz
r 7 Vi, 5 gwc

b th b th W §
(t-channel) (s-channel) (Wt-channel) % 104
Expected production rates o

IIIIIIIIIIIIIIIIIIIIIIII

ngle-top NLO cross-section vs E_

|
1

i

;_— t—channel
= W+t channel

| wmm S—Channel

IIIITIIIITIIIIT

LHC 7 TeV a(t) (pb) a(t) (pb) a(t) + o(t) (pb)
t-channel | 43.05,5+08 | 22.9+0.57)7 65.975 771
s-channel | 3.14 4+ 0.067012 | 1.42+0.01709 | 4.56 + 0.077018

tW 7.8+ 0.2752 78402792 |15.6+04+1.1

Kidonakis, arXiv:1210.7813 [hep-ph] (2012), m=173 GeV/c?

Tevatron 0-( P b)
s-ch 1.056+0.05 4
t-ch | 2.08+0.08°

Wt-ch | 0.254+0.03 ¢

(2)

Rates =75% than

Kidonakis, arXiv:1001.5034, 1103.2792, 1005,4451 [hep-ph], m=173 GeV/c?

| |
e T TR A B AN BN

E..(TeV)

pair production
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£ Top decay and event classification

EEEEEEEEEE

|Vyl~1, and M;> M,+M, = t— Wb almost exclusively.
jet tt event classification:
jet 1st W decays to:

ii TV UV eV

aII hadronic I
lepton+jets

jet

i

leptontijets

Proton —>» < Antiproton
‘.‘.‘.’.‘."' pbpwp

2nd W decays to:

eV uv TV

jet

\\ Br(W—leptons)=1/3 & »

Br(W—quarks) =2/3 “7'W.
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£ Top decay and event classification

EEEEEEEEEE

Parton/Gen level

[Figure by B Stieger (CERN)]
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b-quark identification

EEEEEEEEEE

B hadrons in top events..

Detect secondary vertices

|ldentify muons in jets

displaced
tracks

Secondary
e or Ll in jet

o b— fvc (BR ~ 20%)
e b—c—fus (BR ~ 20%)
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The “Direct” Measurements



) Dllepton top mass at 8 TeV

ATLAS
> — — S~ — Physics Letters B 761 (2016) 350
I ATLAS op ]
8 ~ Simulation —167.5GeV 7
- i —172.5 GeV | +
[%) B —177.5GeV + .
£ or i - EN b-jet
> —
o i i v
D ] ] .
.C_CL’U 0.05— N X . 5 vertices
£ i ] t
Z - B i /-
e 14F ' ' ' N
e 126~ T— A
T 08f — - PR v
0.6 , . . . . . b-Jet
40 60 80 100 120 140 160 _
_ m(e° [GeV] tracke

Event Selection: f:;::““‘”
- Two oppositely charged central leptons | L
- Two b-tagged jets %d :
Observable:
- Invariant mass of lepton and b-jet prometiracks
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) Dilepton top mass at 8 TeV

ATLAS

EXPERIMENT

Optimisation: Large <pt> of the two lepton—b-jet pairs: — high Q2 /more
boosted tops

Why ?: (1) increases correctly matched events (2) Reduction in (b)JES
(3) Significant reduction in I/FSR and hadronisation uncertainties

> 10/ T T T T T g ;1'6_ [ [ I I I I I I I [ I |

> 8 ° Dt — Myop=172.5 GeV & 8 [ — Total — Total syst — Stat. |

(CDD 108 L EZZZ] Uncertainty I Ssingle top — = 14— yst. -

— = [ NP/fake leptons Z+jets = ki - — Total theor. Total exp. .

> 10° WW/Wz/zz = % 10 . —

2 F ATLAS 3 £ Tk : : i

2 10 s=8 TeV,202fb" § & R — : E

LUl - - S B : _

10° = S — i -

102 - ] |9 0.8 — _I_l_é_l_l_l__—

10 A 0.6 —/ —

| I R

ST e e e 0.4 — i —

T2 ST NI S —] — . ]

= . : d 008 8 0.217 : _

_'(\E 1 zﬁ:ﬁ:%}::,:::: -9 v::e:e:::::::::::,:,:f:::::::ff::i : "‘jg m C ATLAS E 1

CQU 0.8 e ........... e - [ T B s e | oL | | | | | | [ 1 | | | n
0 50 100 150 200 250 3ob 350 400 0 40 70 80 90 100 110 120 130 140 150 160

p. . [GeV] P, , requirement [GeV]

T,Ib

retains only 26% of events !
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) Dilepton top mass at 8 TeV

ATLAS
% E I ' .I ID;ta‘ ' ' I ' ' ' I : tt m I_1725 GeV I E > B T | T T T | T T T T T T | T T T | T T T T T T | T ]
O] 600— Uncertainty —/ Correct match ] 8 500 - e Data ATLAS .
- Wrong / h Singl - — 4=
< 500 — NP/fake E%t'zﬁlc — Zl?gt: P 4 o [ b 1% background \s=8 TeV, 20.2 fb ]
% - wwwzizz ATLAS . @« - — Best fit i
> 4001 + o & 400 | Uncertaint -
o s=8 TeV,20.2fb" § O : y ]
- 4 3 w . .
- " - 300F _
3 E 200|- -
100~ -
4 6IO 8IO 1 (I)O 1 2IO 1 40 1 60 0 » TR TRUN (RN UNNT RO TR0 WSS RUNN AR WO URUST SR TR0 TR AN R URRT AN MUNY WA WA IR
g\_l 2 T ‘ I ‘ , mlrgco [GeV] 40 60 80 1 OO 1 20 1 40 1 60
L\ AmLas ] me° [GeV]
= s=8 TeV, 20.2 fo™ Ib
N 151 —

: - Unbinned maximum likelihood fit to data

0.5 _

I Il Il I
172.5 173 173.5
Mop [GeV]
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Dilepton top mass at & TeV

Vs =17TeV Vs =8 TeV

o 1Gev] | mill [GeV] | mill, [GeV]

Results 172.33 173.79 172.99
Statistics 0.75 0.54 0.41
Method 0.11 £+ 0.10 | 0.09 £+ 0.07 | 0.05 £ 0.07
Signal Monte Carlo generator 0.22 £ 0.21 | 0.26 = 0.16 | _0.09 4 0.15
Hadronisation 0.18 £ 0.12 | 0.53 £ 0.09 | 0.22 4+ 0.09
Initial- and final-state QCD radiation 0.32 £0.06 | 0.47 £0.05 | 0.23 £ 0.07
Underlying event 0.15 + 0.07 | 0.05 £ 0.05 | 0.10 £ 0.14
Colour reconnection 0.11 £0.07 | 0.14 £0.05 | 0.03 = 0.14
Parton distribution function 0.25 £ 0.00 | 0.11 £ 0.00 | 0.05 £ 0.00

| Background normalisation 0.10 = 0.00 | 0.04 £ 0.00 | 0.03 = 0.00

- | W/Z+jets shape 0.29 + 0.00 | 0.00 + 0.00 0
| | Fake leptons shape 0.05 £ 0.00 | 0.01 £ 0.00 | 0.08 £ 0.00
3 | Jet energy scald] 0.58 = 0.11 | 0.75 + 0.08 | 0.54 £ 0.04%
QA Relative b-to-light-jet energy scale 0.06 = 0.03 | 0.68 £+ 0.02 ﬂ 0.30 £+ 0.01

b Jet energy resolution 0.22 £0.11 | 0.19 £ 0.04 | 0.09 £ 0.05
Jet reconstruction efficiency 0.12 £ 0.00 | 0.07 £ 0.00 | 0.01 £ 0.00

Jet vertex fraction 0.01 & 0.00 | 0.00 &= 0.00 | 0.02 £ 0.00
b-tagging 0.50 £+ 0.00 | 0.07 £ 0.00 | 0.03 £ 0.02
Leptons 0.04 £0.00 | 0.13 £0.00 | 0.14 = 0.01

Emiss 0.15 &+ 0.04 | 0.04 = 0.03 | 0.01 & 0.01
Pile-up 0.02 £+ 0.01 | 0.01 £+ 0.00 | 0.05 £ 0.01
Total systematic uncertainty 1.03 £0.31 | 1.31 £0.23 | 0.74 & 0.29

Total 1.27 £ 0.33 | 1.41 £0.24 | 0.84 £+ 0.29

Lucio Cerrito - Precision Measurements of the Top Quark Mass -




£

ATLAS

Dilepton top mass at & TeV

EXPERIMENT

Example: I/FSR with
Powheg-Box and Pythia6
programs that differ in
several parameters: the QCD
scale Aqcp, the transverse
momentum scale for space-
like parton-shower evolution
Q2 max and the hgamp
parameter.

Half the observed difference
between the up variation and
the down variation is quoted
as a systematic uncertainty

Events / 10 GeV

Data/MC

Example: Powheg program with either the
PYTHIA or the HERWIG program

5 = e Data ]t m,,,=172.5 GeV
10 = [ZZ] Uncertainty [ ] Powheg+Herwig
10° E_ B single top I NP/fake leptons
§ Z+jets WW/WZz/2Z
10° g ATLAS
10 - s=8 TeV, 20.2 fb"
102 -
10 &
1=, 0 N o
1.2
1 <
0.8 | . . .
100 150 200 250 300 350 400
Py, [GEVI
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) All-jets top mass at 8 TeV

FFFFFFFFFFFF

1.6||||||||||||||IIIIII|III|III|III|I J-HighE-PhyS-09(2017)118

ATLAS Simulation
tt MC, {s =8 TeV

jet

w+

b-jet

......... Myop = 167.5 GeV S ~a
08 — My, = 172.5 GeV .
Sie My, = 177.5 GeV Jet

0.6 5 vertices

-~
-~
-
‘e

c—b|

0.4 )
W- et

—

o
N

c'lllllI|III|III|III|III|III|III
II|III|III|III|III|III|III|III

jet

: - HERERY : : : : :
e ., et : Te, : : : H .
: : HY e : Siel H : H : b
I S SN T SOOI SURRPRRN AR I e o] - e
: : R D et : : : : J
b A : : : : :

—11|.,,,,rr aisplacea
16 1.8 2 22 24 26 28 3 32 34 Secondary tracks
R3/2 vertex

Observable: Rz ratio of 3-jet to 2-jet invariant mass anaw »

Event Selection:

- at least 5 central jets with pt> 60 GeV / Jﬁ
- Jet separation AR > 0.6
- At least 2 b-jets (Apor>1.5, Apprw<2) , with c-jet rejection
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All-jets top mass at & eV
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R3/2 ensures self-calibration of the jet energy

Lucio Cerrito - Precision Measurements of the Top Quark Mass -



) All-jets top mass at 8 TeV

EXIFEI\&NT

g [T | [ | 1T | [ T 1T | T | 1T | T | 1T | T_]
S - ATLAS —4— Data [s=8TeV | g’ 0.62 T ]
™~ 1000 f Ldt = 20.2 fb” — Signal Fit — w' VP ATLAS — 2 1-c Stat. Contour |
8 - —— Background Fit 7 = det =202 b =
= - —— Total Fit 7 0.61— ST e ¥? 2-c Stat. Contour
5 800 - S .
I ] 0.6 ' —
600 2/ elf — _ — B |
i yeIndf =72.3/48 =151 0.59 &
400~ N 0.58F =
2001 0.57|~ .
0.561 =
0 1 | L1 | | 111 | L1 | | 111 | 111 | 111 | 111 | 111 | 111 | 1 | |
16 18 2 22 24 26 28 3 32 34 - -
0'55 L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 _

Ry = my/m, 173 1735 174 1745

My [GEV]

Data-driven estimation of the large multi-jet background (using Np, Apow)
Binned minimum x2 on functional templates (Novosibirsk+Landau)
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All-jets top mass at & eV

Source of uncertainty

Amtop [GGV]

Monte Carlo generator
Hadronisation modelling
Parton distribution functions
Initial/final-state radiation
Underlying event

Colour reconnection

0.18 4+ 0.21

10.64 + 0-_1:5-@ Example: Comparison of Pythia

0.04£0.00  6.427 used to model the parton
0.10 = 0.28 shower, hadronisation and

0.13£0.16  underlying event with the
0.12+0.16  Perugia 2012 tunes, against

Bias in template method
Signal and bkgd parameterisation

Non all-hadronic tt contribution
ABCD method ws. ABCDEF method

0.06 Herwig 6.520.2 with the AUET?2
0.09 tune

0.06

0.16

Trigger efficiency
Lepton/EXS calibration
Overall flavour-tagging
Jet energy scale (JES)
b-jet energy scale (bJES)
Jet energy resolution

Jet vertex fraction

|

0.08 £ 0.01
0.02 £ 0.01
0.10 = 0.00

10.60 + 0.05!

0.34 + 0.02

0.10 £ 0.04
0.03 = 0.01

Total systematic uncertainty
Total statistical uncertainty

1.01
0.95

Total uncertainty

1.15
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) Lepton+jets top mass at 8 TeV

ATLAS
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII ATLAS-CONF-2017-071 (2017)
> 0.035 ATLAS Simulation ™% . _1a0 s ;o
3 -~ Preliminary, \s=8 TeV ~ *---- Myp = 167.5 GV -
% 0.03F | m,,, = 172.5 GeV] / N
5 - st [ |m,, =177.5 GeV ] W b-iet
s 0.025[ . g = ol -J€
o - gt At T [EIR) - = ~
3 002 W ; = Vv
g C ' ' ' .
E 0.015F = X 5 vertices
Z C L L
0.01F — -
= . t .
0.005] = W- et
o
I
m L[]
. bei jet
0430 940 150 160 170 180 190 200 -jet

Migo” [GeV]

Observable: Breight-Wigner of leptonic and had. decaying tops

Event Selection:
- One electron(muon) with pt>25 GeV, large missing Er
- At least 4 jets with p>25 GeV. At least 2 b-jets
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) Lepton+jets top mass at 8 TeV

TLAS
o T T T T T T I B - e L B L =
E 0.05F+ .. JSF=0.96 ATLAS Simulation ] S 0.045E ATL'A.S Simulation L...ibJSF=096 3
S [ B usF = 1.00 Preliminary, (s= 8 TeV i g 045_ Preliminary, (s= 8 TeV bJSF=1.00 -
€ - - 7 o "k A = :
: 0.04:DJSF-1.04 . ] E 0.0355- 7T [ | busF=1.04 E
o] - — Q — -
B - 0.03 —
8 003 - 2 2 g
s | £ oom -
S o0.02F . - 2 002F -
C N 0.015 =
00t . 0.01§ =
: 0.005 =

i)
g % 1 4 T 3
R
0 . . . . . 08_ ............................................................................................................................. —
60 70 80 90 100 110 06_ ....................................................... s —
% [GeV] 05 1 15 5 2.5 o
bq
Two more observables are bhaa Diep

identified for their sensitivity to reco _ PT
Jet Scale Factor (JSF) and bq p%l + p2
bJSF: mwand Rpq
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£ Lepton+jets top mass at 8 TeV

L

EXPERIMENT

Kinematically reconstructed 0.02
top events. 13 observables ol

. . . . q_ I T T I T T T T II T T |. T I T T .| |. I T T T I T ]
ATLAS Simulation Preliminar 100 5 0.12— ATLAS Simulation Preliminary j
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AR(q,9) & O :
W © 2 .08 .
Mr 0 E T f 1
— o o L -
pT(tt) O Z 006 -
Emiss B S ] 1
T - Y 44 -
0.04[— 754 -
Pr, : 1
Niets 0.02¢ B
pT,lep 0 Mk me ]
P 1 2 3 4 5
V{/’h""d AR(q,)
pT( Iep) N == T T T T T T T T T T T T T T T =
p_.(W ) o 0.1— ATLAS Simulation Preliminary ]
T had o — -
P @ I~ —+ | Testsamples ]
Evt *:q:: 0.08— —— —— Training samples ]
In L 3 ~  — — Correctly matched ]
-100 3 - P(x2,ndf) = 0.021 -
2 0.06 | — —— Wrongly + unmatched ]
g - P(x2,ndf) = 0.74 _
S 004 ]
B .

fed to a BDT to decide Eo 3_ L e o e N | P S _
COrreCtIy matChed events § _25_ ............................................................ T I_E
-0.6 -04 -0.2 0 0.2 0.4

'sDT
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Lepton+jets top mass at & TeV

I3 A — — —
e 7000 I e Data I I I Z+jets I _I:
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| | | S 6000:— [ Single top Il NP/fake leptons =
— Total Totalexp. Stat. g = WHets B3 Uncertainty .
- ..., Total syst. -.=. Signal model. . 5000 ATLAS Preliminary =
- _ -1 by .
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—- ATLAS Preliminary : - 5 1
_ -1 E 0.8 R — R —— ... .
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| :
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Events / GeV

Events / 0.05
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Lepton+jets top mass at & TeV
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~ ATLAS Preliminary
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e data, l+jets

Best fit background
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Simultaneous un-binned likelihood
fits on functional templates
(Gaussians/Landau) for mp, JSF,
bJSF
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E

£

Lepton+jets top mass at & TeV

L
KrERIERT Miop |GeV]
Vs =7 TeV Vs =8 TeV
Event selection Standard Standard BDT
Result 172.33 171.90 172.08
Statistics 0.75 0.38 0.39
— Stat. comp. (Miop) 0.23 0.12 0.11
— Stat. comp. (JSF) 0.25 0.11 0.11
— Stat. comp. (bJSF) 0.67 0.34 0.35
Method 0.11 £ 0.10 04 + 0.1 0.13 £ 0.11
Signal Monte Carlo generator 0.22 4+ 0.21 |{0.50 & 0.17a 0.16 £+ 0.17
Hadronisation 0.18 +£0.12 | 0.05 + 0.10 | 0.15 £+ 0.10
Initial- and final-state QCD radiation | 0.32 4 0.06 '&0.728 + 0.11% 0.08 + 0.11
Underlying event 0.15 + 0.07 | 0.08 £ 0.15 | 0.08 £ 0.15
Colour reconnection 0.11 + 0.07 | 0.19 £ 0.15
Parton distribution function 0.25 £ 0.00 | 0.08 = 0.00 | 0.09 £ 0.01
Background normalisation 0.10 £ 0.00 | 0.04 £ 0.00 | 0.08 = 0.00
W +jets shape 0.29 £+ 0.00 | 0.05 £ 0.00
Fake leptons shape 0.05 + 0.00 0
Jet energy scale 0.58 £ 0.11 | 0.63 &= 0.02
Relative b-to-light-jet energy scale 0.06 + 0.03 | 0.05 £ 0.01
Jet energy resolution 0.22 £ 0.11 | 0.23 4+ 0.03
Jet reconstruction efficiency 0.12 £ 0.00 | 0.04 £ 0.01 : .
Jet vertex fraction 0.01 = 0.00 | 0.13 £ 0.01 | 0.09 + 0.01
b-tagging 0.50 £+ 0.00 | 0.37 £ 0.00 |;0.38 &+ 0.00@
Leptons 0.04 £+ 0.00 | 0.16 £+ 0.01 | 0.16 £ 0.01
pmiss 0.15 £ 0.04 | 0.08 £ 0.01 | 0.05 £ 0.01
Pile-up 0.02 £ 0.01 | 0.14 £ 0.01 | 0.15 £ 0.01
Total systematic uncertainty 1.03 £ 0.08 | 1.07 &= 0.10 | 0.82 £+ 0.06
Total 1.27 £ 0.08 | 1.13 += 0.10 | 0.91 4+ 0.06
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&) The ERC NPTEV-TQPZOZO Programme

EXPERIMENT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

||||||||||||

Exclusive Flavour

Changing Neutral
Current decay
t—Zc

ttZ: vs pt%, vs Ap(I*l)
First couplings measurement

BR sensitivity improved
by x6 and first exclusive
measurement

Resonances in top
pairs with di-lepton
events

Sensitivity up to 3-3.5 TeV CP violation in B

from top quarks
First measurement

Mass of top quark
with leptonic Unconventional Techniques

endpoints New Channels
New Observables

Improvement of 40%
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() Possible Discoveries: a Revolution g

ATLAS

EEEEEEEEEE

- -O-

= logA or finite

W/Z Iy

% .

O(TeV)

t
NPTEV-TQP2020

Most Natural theories of physics Beyond the Standard Model
(BSM) foresee modifications of the top dynamics at O(TeV)

| Models with partners of
| the top:

new scalars/vectors,
‘possibly strongly

' coupled with the top.
e.g. SUSY.

| ' Models with
{ | compositeness and

strong dynamics:

top bound states, top is
| | not elementary, e.q.
| | Technicolour.

Cancel the divergence ;
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| | theories.

t | New space-time
structure:

'Extra dimensions.
‘e.g. Kaluza-Klein

| | Lower the cut-off A |




£ WP1: Partial IM Reconstruction

|+

THE LIGHT
AT THEEND

OF THE
FHesHS,
awaLgsLs
CAN you
SEE IT?

Sphdstanfordedu/

all images (C) jorge cham
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&) WP1: Top Quark Mass il

Addressing precision estimate of the impact on the reconstructed top mass
and improved modelling of the:

* Fragmentation of b-quark into hadrons
» Hadronisation modelling

. . 184 h'luq my = 172i5 GeV | lbtl.\"lell%n moment e
 Production fractions o | Py8.2: m, = 172.238/07 Gey 2 Mellin moment s
. Decay rates Hw7.1: m; — 174.607+0-381 GeV

180 -
[ ';‘ e 3
Very recent theoretical work O 178 .
comparing Pythia8.2 and £ 176 l - l
Herwig7.1 (with same POWHEG & - I - 1l
. S 174 | ‘r'l 1 0
BOX generators) seem to point e 11l ‘ il
to the shower modelling leading ™ 72 [#f] ii ] HI
to large uncertainties. More work 170 L [
needed on this front 8

p(€7)  p(€L7) m(lL) E(EL) po(£Hpo(£7)

Ravasio et al., arXiv:1801.03944v1 [hep-ph] (11 Jan 2018)
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& Top mass with single top events

ATLAS

% 1800_ T | T T T | T T T | T T T | T T T | T T T ]
s F _ _ . - ATLAS-CONF-2014-055

v 1600~ ATLAS  Simulation Preliminary  pgg m -=165.0 Gev —

g T B m,=172.5GeV ] q q

& 1400 _ —

Z - Bl m,,=180.0 GeV -

1200[— —

- £ ]

— / -

1000 Yy -

800[— // y -

- o4 .

600{— / // =

- 4/ ]

400 ,C/:/ “\ =

- 7 ]

200 === R —

N _

0_ | | | | | | | | | | | | | | -

60 80 100 120 140 160
m(l b) [GeV]

Weak interaction process with different colour flow

Event Selection:
- One electron(muon) with pt>25 GeV, large missing Er
- At least 2 jets with pt>30 GeV. Exactly 1 b-jet
- Additional NN to distinguish signal from background
- Lack of JES self-constraint
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EX

Top mass with single top events

9 - ATLAS Preliminary
o
o ~ 2 Jets SR electrons + muons e DATA (Vs=8TeV- Value [GeV]
£ 20000 — X\ 1 t-channel — Measured value 172.2
o — \ B i, Wt, s-channel e :
2 L] Weets Statistical uncertainty 0.7
i [_| Z+ets, diboson 7| Jet energy scale 1.5
B - Multijets n . -
- N\ uncertainty _ Jet energy resolution <0.1
10000 — f" dt=203 " Jet vertex fraction < 0.1
_ ' Flavour tagging efficiency 0.3
: Electron uncertainties 0.3
Muon uncertainties 0.1
0.40 Missing transverse momentum 0.2
§ 0:2 .................................................................................................................................... 3 W+jets normalisation .
9 0 . e — e N e S A‘ -
) NN g W+jets shape 0.3
% -0.2 _é\ ...................................................................................................................................... . Z+'ets/diboson normalisation 0.2
< %4001 02 03 04 05 06 07 08 08 1 Jox o '
= NN outout Multijet normalisation 0.2
> 1500 T | T T T | T T T T T T | T T T | T T MUItijet Shape 0.3
o] - o (s=8TeVdata =N T3 A Top normalisation 0.2
8 - Bestfitm, =172.2 0.7 (stat) GeV " ,} 1 t-channel generator <0.1
£ I Single-top t-channel signal ) S W S t-channel hadronisation i “Om
0 1000 t signal S P S t-channel colour reconnection 0.3
L — i .
i Background . UCIGES AT Gev] t-channel underlying event <0.1
| ATLAS Preliminary * i tt,Wt, and s-channel generator 0.2
fl‘ dt = 20.3 fo ' 1t hadronisation <0.1
1t colour reconnection 0.2
500 1 underlying event 0.1
1t ISR/FSR 0.2
Proton PDF <0.1
Simulation sample statistics 0.3
60 80 I 160 I I 1&0 I 140 Total SystematiC Uncertainty 2.0
m(Ib) [GeV] Total uncertainty 2.1
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The “Indirect” Measurements



&) Top mass (indirect): from cross section

ATLAS
= 300
£ ATLAS
o Vv ee, uy, ey, 0.7 fb™
miss -1
050 ew N /ET, 4.6 b

eu b-tag, 4.6 fb™
eu b-tag, 20.3 fb™

H e >

200

150
NNLO+NNLL
m, = 172.5 GeV
| PDF © ag unlcertainties following IPDF4LHC
100 7 7.5 8
Vs [TeV]

« Measure a property that is a function of the top __

quark mass, o (M)

» Use a theoretical calculation to relate the two

- Two dilepton-based o (Vs=7,8 TeV) measurements

Events

MC/Data

Eur. Phys. J. C74 (2014) 3109

T LA B BN L B
= ATLAS ® Data 2012 .
30000 — (s =8TeV,203fp" [ tt Powheg+PY ]
C mm Wt T
— 0 Z+jets .
25000 — ) Diboson —
Em Mis-ID lepton ]
20000 ]
— Powheg+PY ]
" MC@NLO+HW
15000~ | Alpgen+HW —
° E
10000 [ —
5000 — —
O P—
1.5 ! T T =
05F . T3
0 1 2 =3
Nb-tag
A
// ~—

b-jet
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&) 1o

ATI AS

Cross-section [pb]

W
(o)
o

300

250

200

150

p mass (indirect): from cross section

T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T ] )
Ny —— MSTW 2005 NNLO e Uncertainty Aoyii/oig (%)
N ATLAS o NNEO uncertainty - 5 7TV 8 TeV
------ CT10 NNLO uncertainty -
Y NNPDF2.3 NNLO N Data statistics 1.69 0.71
L srer —O ' A;N:l;l;ii ’:I;Ag-g gncertamty i - ‘
_ @ o= TeV, 20.3 fb a}vem, i tt modelling and QCD scale 1.46 | 1.26 |
i ] Parton distribution functions 1.04 1.13
:“' B Background modelling 0.83 0.83
~ . Lepton efficiencies 0.87 0.88
i, — Jets and b-tagging 0.58  0.82
[ —© S Misidentified leptons 0.41 0.34
_ '*-u..‘,__.__:: Analysis systematics (o) 2.27 2.26
B —
c v v b v v b vy b by b by Integra,ted luminOSity 1 .98 3- 10
164 166 168 170 172 174 176 178 180 182 LHC beam energy 1.79 1.72
m " [GeV]
t Total uncertainty 3.89 4.27

AmP°® (GeV)

Vs=TTeV /s =8TeV

Data statistics
Analysis systematics
Integrated luminosity

0.3

LHC beam energy 0.6
QCD scale choice t?:g

 Sensitive to gluon PDF

* Limited by theoretical
uncertainties to 0(2 GeV)
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&) Top mass (indirect): from cross section

T T | T T T T | T T T T | T T T T | T T T T | T T T T
Top quark pole mass from cross-section
ATLAS .
compared to direct measurement
5.9
DO approx NNLO: MSTWO08, 1.96 TeV 2009 - 169.1° *
52
DO approx NNLO: MSTWO08, 1.96 TeV 2011 ¥ 167. 5+ .
3.0
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 — e 176. 7+
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 = 2.6
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 2.6
2.5
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172. 9+
. . '_|290IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII
Direct reconstruction LHC+Tevatron 2014 V- 173.3 £ 0.8 0 N \F _
o - s=7TeV, 46fb —
A B R R SRS S B :280_—ATLAS\f8Tev203fb ]
140 150 160 170 180 190 > - T ]
ole ()] N NNLO+NNLL prediction —
p [G V] |— 270 r PDF and a g uncertainty following PDFALHC 1
(00 - ]
~ - m™ =172.9 Gev N
— B 7
+ 260 — + Data: Best fit -
o Coo Data: 68% CL 7
- Data: 95% CL -
250 —
240+ =
230~ =
220 =
21 _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

30 140 150 160 170 180 190 200 210
o f(7 TeV) [pb]
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Top mass (indirect): tt+1 jet differential

EEEEEEEEEE

Observable:

9pS)

pole
R(m,

Events / 50 GeV

Data / pred.

350
300
250
200
150
100

b
V81t+1-jet
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[ T T | T T T
— ATLAS

— Vs=7TeV, 4.6 fb™

s
/
, ,

T T |

@® Data
[ Jtt, m=172.5 GeV
B Background
Uncertainty

A{/{/&/A///‘//I/A////}’/ﬂ//////}/ }/ /(//)/ A }///(/XV(AV .

=
=3
o

t apS)’

1 I 1 1 1 I 1 1 1 I
400 600

1 I 1 1 1 1
1000 1 200 K 400

Is. .  [GeV]

tt 1-jet

Lepton+jets event selection

with 1 additional jet



Top mass (indirect): tt+1 jet differential

ATLAS

O RN
%; = 4_5;_ ATLAS t_tt1_jj_et1$t()N(l‘._(eo\/+PS for m- = _;
£ 4f (s=7Tev, 461" ~om 175 Gey =

w 35 g - (bestfiy 3 || Description Value

- ¢ Data = (GeV]

3 . || mPee 173.71

2.5 S — || Statistical uncertainty 1.50

2F B sl < || Scale variations | (+0.93, —0.44)

156 3 || Proton PDF (theory) and a; ‘ - 0.21

1;_ A=l _; Total theory systematic uncertainty (40.95, —0.49)

0 55_ 3 || Jet energy scale (including b-jet energy scale) 0.94

= —e remrreoassyswsyd || Jet energy resolution 0.02

e — S — Jet reconstruction efficiency 0.05

. 1.3p - - - - - || b-tagging efficiency and mistag rate 0.17

% S e 7 || Lepton uncertainties 0.07

'Qg 1_'_'_'_"_'_'_'_".*."_'_'_'_"_'_'_'.'-"-T-"-'-'-"-*-"-'-* s ST -+--------------_ Missing transverse momentum 0.02

~ I 1 || MC statistics 0.13

w 0.7 0.2 0.4 0.6 0.8 11| Signal MC generator 0.28

p, (partonlevel) ||y, dronization 033
ISR/FSR ﬂ 0.72 §

Colour reconnection 0.14

Underlying event 0.25

Proton PDF (experimental) 0.54

Background 0.20

Total experimental systematic uncertainty 1.44

Total uncertainty (+2.29, —2.14)
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£ Mass (indirect): differential cross sections

ATLAS
* Dileptonic events Eur. Phys. J. C 77 (2017) 804
* Single and double-lepton variables
. C : ot
* Absolute and normalised distributions N w b-jet
« Sensitivity to gluon PDF and mx TV
. « g X vertices
- Fixed-order NLO predictions %= v
< L DL 7 . ’-
ATLAS
é \s=8TeV, 202" """\/y
102 ® Data 2012 = s
2 f — Powheg+PY6 . bjet v
IS - - MC@NLO+HW ) . | | -
5 I A Alpgen+HW i G 40000~ ATLAS ® Data2012
e I @ 35000F- Vs =8TeV, 2021 o W WearPYe 3
10° = = @3 Z+jets -
- . — ] Diboson —
S PO . s mm Mis-iD lepton 3
E d : =5 — Powheg+PY6
- ] --- MC@NLO+HW 3
N AR AN - Alpgen+HW =
10 = "_"_“_"_"_"_"_”_"_";'_”_';_"_“_"_"_"_"_”_”_"_”_'E - _;
% 1.2:_ e & 5ooo;— ) —é
S 1: g % 1'(5):_ état. uncert. ' ' E
2 i | | | | . S :
50 100 150 200 250 300 = o5t . R
Lepton p_ [GeV] 0 1 2 =3 N,
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o o
Y )]

o

Normalised (-0 _)/0

|
ATLAS Simulation

- - o ref. fit Powheg+PY6 m=172.5 GeV
L -0 alt. fit Powheg+PY6 m =165 GeV
— [ expected stat. error

50 100 150

200 250

300

Lepton P, [GeV]

» Up to 8 differential cross
section measurements:
p’T, [Nl, pre¥ mer [yen|, Agew
PeT+PHT, Ee.EH

185

[GeV]

180

pole

t

175

170

165

160

II|IIII|I!—:J_I‘I_'II|IIII|IIII

I
ATLAS
\s=8TeV, 20.2 fb™

HH” i

| total uncertainty
1 statistical uncertainty

D

world-average direct reconstruction
| | |

m

'MCFM NLO fixed-order, p=m /2

h

i

O « » 1 o

12528

CT14

MMHT

NNPDF 3.0

HERAPDF 2.0

ABM 11 ]

NNPDF nojet
L

Lepton P, Dilepton pi“

Dilepton m™  Dilepton p°+p" Dilepton E°+E" Comb. (8 dist)
T T
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£ Mass (indirect): differential cross sections

ATLAS

EXPERIMENT

L P meH ps+pt  E°+ EV
Y2 /Ny 9/8 5/7 11/10 11/6 8/8
mP°® [GeV] 169.7729 1751419 1745721 1703421 168.5732
Data statistics +2.0 + 1.4i e +1.4 +2.3
: 2.5 2.9 1.5
Expt. systematic R +0.9 2 e +2.0
PDF uncertainty +0.5 +0.1 +1.1 +0.5 +14
QCD scales +1.1 | tg;g! +2.6 ol +0.7
[ I
pole
ATLAS & m
Stat. Uncertainty
— Full Uncertainty

DO inclusive o(tt) ° 172.8 = 3.3 GeV

ATLAS inclusive o(tt) ° 172.9 = 2.6 GeV

CMS inclusive of(tt) e 173.8 + 1.8 GeV

ATLAS differential o(tt+1j) ® 173.7 £ 2.2 GeV

ATLAS leptonic (8 dist.) e 173.2 = 1.6 GeV

I l I
170 175 180

mP® [GeV]
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£

L

summary lTable of Uncertainties

EXPERIMENT

Indirect

Analysis . : : . Indirect
] Direct Direct Direct Indirect 1/0 dow/ 1/o dow /dps-7
[GeV] Mi,-8TeV M;iiM;i-8TeV | mtor eco-8TeV ow-7,8TeV dperr-8TeV TeV
(example)
JES: 0.5 Hadr.: 0.6 JES: 0.5 PDF+as: 1.7 Analysis: 0.9 JES,bJES:0.9
bJES: 0.3 JES: 0.6 bTag: 0.4 IntLumin.: 1.2 QCD scale:0.8 I/FSR:0.7
;ea‘t’ Hadr: 0.2 bJES:0.3  JER:0.2 QCD scale:1.1 PDF:0.7
yst- | IFSR: 0.2 QCD scale:0.7
Total
oo |07 1.0 0.8 25 1.2 1.6
Total
Stat. 0.4 0.5 0.4 0.3 1.4 1.5
Total
Une. 0.8 1.1 0.9 2.5 1.9 2.2
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£ Combining Measurements

EXPEF!TI\ﬁNST
S O < ] A R B B N : :
S L ATLAS Preliminary | 1+ Combination uses BLUE
= 0.61 <+ Un-correlated and Anti-
Q 04f 4 correlated sources may bring
oo L - . . .
=5 02f 1 valuable improvements (in this
< o 3 case JES, bJES)
—0.2F =
-0.41 1 % "FAmasereimnary T
: - p - +1 | g 16_ o(m::jZESSTeV))_O.SS GeV 7
-0.6— 4 "= - ofm,, (8TeV)) = 0.91 GeV 7
- . p= -17 :C—: 1_4:_ o(m,) = 0.56 GeV -
08h e e ° 12 ! 5
-0.8 -06 -04 -02 0 02 04 06 0.8 £ E
A Mgy (BTEV) [GEV] gl
0.62— —
0.4;— —
0.2F =
0- | | | | Ll .

_I L1 111 111 111 11 11 I 111 I 111 I 111 I L1 I_
-1 -08-06-04-02 0 02 04 06 08 1
p
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Combining Measurements

Success

Ive combination

Successive combination
mg, (8 TeV)

I+jets

+ mtop

(8 TeV)

[+jets
+ mtop

(7 TeV)*

dil
+ mtop

(7 TeV)

*ATLAS Combination
[ stat. uncertainty
total uncertainty

ATLAS Preliminary

Mg, = stat. = syst.

172.99 =+ 0.41+ 0.74

172.56 + 0.28 + 0.48

172.51+0.27 = 0.42

172.50 + 0.27 = 0.42

—— stat. uncertainty
—— total uncertainty

168 170

172

174 176
mtOp [GeV]

178 165

ATLAS vs Others

ATLAS Preliminary

My, = stat. =

Combinations

CDF (Mar 2014)

DO (Jul 2016)

CMS (Apr 2016)

ATLAS (Sep 2017) 172.51+ 0.27 + 0.42

ATLAS Combination

[ stat. uncertainty
total uncertainty

—— stat. uncertainty
—— total uncertainty

syst.
173.16 £ 0.57 + 0.74

H-e-H 17495 + 0.40 = 0.64

172.44 + 0.13 = 0.47

170 175 180
My, [GeV]

Reached the ~500 MeV barrier !
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& ATLAS Overview

ATLAS Preliminary My, Summary - September 2017, L = 4.6 fo™' - 20.3 o'

Mg, + tot. (stat + JSF = bJSF = syst.)
Eur. Phys. J. C75 (2015) 158

. I ! 2 1 =+
all jets L —46f I:—I— + | 1751 = 1.8 (14 =12 )
; * ATLAS-CONF-2014-055 n _ e le— . N
45 single top Nppre B . + | 1722 + 21 (o7 +20 )
1
) — |+jets E”"_thf'bﬂ' C75 (2015) 330 [ =+ B 1723 + 1.3 (02 +02:07 =+10)
int = I
= dilepton U Prs: 4 €75 (2018) 330 P — 1738 = 1.4 (o0s £13 )
D L, =47f" 1 T ' -
— dilepton Phys. Lett. B761 (2016) 350 ! 173.0 = 0.8 (o4 £ 07 )
L, =20.21b" I-HH-|| . = 0. . = 0.
all jets arXiv:1702.07546 [ 173.7 = 1.2 (o6 +£1.0 )
L, =2021b" 1
|
— |+jets* ’L*T'-_AZS(')CQ?LIF'QOW'O” [ i+ B 1721 = 0.9 (01 +01x03 =08 )
int — - 1
1
== 1
O N Eur. Phys. J. C74 (2014) 3109 . o 0 . L 25
GJ o(tt) dilepton L 462031 B I | 1729 = 53¢
= Differential o(tt+1-jet) JHEP 10 (2015) 121 B gt 1 1737 = 23
o L, =461 ] :
- 1
i i i iat ) ATLAS-CONF-2017-044 n - _ .
(- Differential o(tt) dilepton (8 dist.) Mprpee B e | 1732 = 1.6
1
I
ATLAS Comb. September 2017* ATLAS-CONF-2017-071 e World Comb. = 10
172.51 = 0.50 G- : = stat. uncertainty
Wogg %0T3.7 é\/lar. 2014 (arXiv:1403.4427) ! stat. ® JSF ® bJSF uncertainty
Tevatron Comb. Jul. 2014 (arxiv:1407.2682) total uncertainty

1

174.34 = 0.64 | u—] *Preliminary, —Input to ATLAS comb.
1
1

I I I I
165 170 175 180 18¢
Moo [GeV]
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& World Measurements Overview

ATLAS

EXPERIMENT

Not yet updated
with the latest
measurements

ATLAS+CMS Preliminary My SUMMary, Vs =7-13 TeV September 2017
LHCtopWG
-------- World Comb. Mar 2014, [7] I —r— |
stat total stat
total uncertainty Myop + total (stat = syst) Is  Ref.
ATLAS, I+jets (*) 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1]
ATLAS, dilepton (*) i 173.09 = 1.63 (0.64 + 1.50) 7 TeV [2]
CMS, I+jets 173.49 = 1.06 (0.43 = 0.97) 7 TeV [3]
CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7 TeV [4]
CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
LHC comb. (Sep 2013) LHCtopWwG 173.29 = 0.95 (0.35 = 0.88) 7 TeV [6]
World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
ATLAS, I+jets 172.33 + 1.27 (0.75 = 1.02) 7 TeV [8]
ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30) 7 TeV [8]
ATLAS, all jets - — 1751+ 1.8 (1.4 £ 1.2) 7 TeV [9]
ATLAS, single top 172.2 £ 2.1 (0.7 = 2.0) 8 TeV [10]
ATLAS, dilepton 172.99 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets 173.72 £ 1.15 (0.55 = 1.01) 8 TeV [12]
ATLAS, I+jets 172.08 = 0.91 (0.38 = 0.82) 8 TeV [13]
ATLAS comb. (ﬁ‘j’:t:m) 172.51 + 0.50 (0.27 = 0.42) 748 TeV [13]
CMS, l+jets 172.35 £ 0.51 (0.16 = 0.48) 8 TeV [14]
CMS, dilepton 172.82 £ 1.23 (0.19 = 1.22) 8 TeV [14]
CMS, all jets 172.32 + 0.64 (0.25 = 0.59) 8 TeV [14]
CMS, single top 172.95 £ 1.22 (0.77 = 0.95) 8 TeV [15]
CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47) 748 TeV [14]
CMS, l+jets 172.25 + 0.63 (0.08 = 0.62) 13 TeV [16]
[2] ATLAS.CONF-2015.077 [6] Eur.Prys.J.C7 (2015) 330 [14] Phye.Rov.D93 (2016) 072004
(*) Superseded by results [ Eur PhyeC72 (2012) 202 [10] ATLAS-CONF.2014-055 [16] CHS-PAS.TOP.17-007
shown below the line R L T Tl
| L L L L | L L | L L L L | L L L | L L
165 170 175 180 185

My, [GeV]
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Top and Anti-top masses

EEEEEEEEEE

In case you are wondering if top and anti-top might have
a different mass... it doesn’'t seem the case

o0 0] AL N L N B B B
- ATLAS + m  Data
500\'s= 7 TeV

—— Signal + Background

----- Background only

Events / 4 GeV

-1
400 j Ldt=4.7fb

300

200

Am = mt — mtbar = 0.67 +
0.61 (stat) £ 0.41 (syst) GeV 100

BEF==50"T00 =00
Physics Letters B 728 (2014) 363-379 Afrf [GeV]

IIII|Illllllll|IIII|IIII|IIII|

IIIIIIIIIlIIIIIIIIIllII
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LHC schedule

LHC Run 2 - Collision energy:Vs=13—14 TeV
» Accumulated Data: ~100 fb-1
» Top Quarks: x15-20 Run | sample

A
215 | 2006 | 2017 [ 2018 | 2019 | 2020 2021
a1 [a2 03 04 [a1Ta2 a3 ja4a1]a2Ta3 04|01 [02Ta3 a4 a1 a2]a3Tad]a1 02 a3Tas]ar a2 a3]a
LHC
Injectors
02 | 203 | 24 | 2025 2026 2027 2028
a1[a2Ta3 04|01 Jo2 "a3 04 ]a1 [2Ta3Tas [t |a2 03 a4 [a1 a2 |a3fad a1 02 a3la4]a1Taz a3 |a
LHC
. Run 4
Injectors
2029 2030 2031 2032 2033 2034 2035
a1[a2Ta3 s a1 ]2 a3 a4 ]ar 2 [a3Tas [ar (a2 ]a3 a4 [a1 a2 (a3 a4 [ar[a2 a3]a4[a1Taz a3 |04
LHC
_ LS 4 Run 5
Injectors

LHC schedule approved on 2/12/2013
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) Conclusive Remarks

EEEEEEEEEE

As always with precision measurements, it takes
meticulous work and a long time to measure the
top quark mass. But it's important ! and ... fun!

Further improvements will likely come from:
—Anti-correlations,

—Different systematics
—Lepton-based measurements

These will lead to significant uncertainty reduction
—Ami<500 MeV

But need to clarify the theoretical aspects
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Job Openings

EEEEEEEEEE

erc | New Phenomena at the TeV Scale

@ | With Top Quarks
t : -

L NPTEV-TQP2020

For this programme, we are

looking for:

* One 3-year Postdoctoral RA

* One 2-year Postdoctoral
Grantee (junior)

At the University of Rome Tor Vergata

Info and to Apply (deadlines mid July):
http://nptev-tqp2020.romaZ2.infn.it/vacancies/
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