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Introduction

Motivation

Top quark mass measurements at Run |

ATLAS+CMS Preliminary my,, summary, Vs=7-8TeV TOPLHCWG

World Comb. Mar 2014, [7]

B stat[JJSFObISF
total uncertainty

—— statlJSFObISF
= = = total uncertainty

My  tot. (StatTISFObISF + syst) (5 Ref
ATLAS, I+jets (*) — . 172.31# 1.55 (0.75 + 1.35) 77ev (1)
ATLAS, dilepton (*) — e — 173.09 + 1.63 (0.64 + 1.50) 77ev [2]
CMS, I+jets — 173.49 £ 1.06 (0.43+0.97) 77ev (3]
CMS, dilepton —e 172.50 + 1.52 (0.43+ 1.46) 7Tev [4]
CMS, all jets - 173.49+1.41 (0.69+ 1.23) 7Tev [5]
LHC comb. (Sep 2013) 173.29+0.95 (0.35 + 0.88) 7 7ev [6]
World comb. (Mar 2014) 173.34+ 0.76 (0.36 £ 0.67) 1.96-7 Tev [7]
ATLAS, l+jets e 172.33£1.27 (0.75 £ 1.02) 77ev (g
ATLAS, dilepton — 173.79+ 1.41 (0.54+ 1.30) 7Tev [8]
ATLAS, all jets = =1175.1+ 1.8 (1.4+ 1.2) 7Tev [9]
ATLAS, single top e 172.2+2.1(0.7+2.0) 8TeV [10]
ATLAS comb. (% 2% 172,99+ 0.91 (0.48+0.78) 77ev [9]
CMS, I+jets —e— 172.04 +0.75 (0.18 + 0.74) s8Tev [11]
CMS, dilepton — 172.47 + 1.41 (0.17 + 1.40) 8Tev [12]
CMS, all jets e 172.08 + 0.89 (0.37 + 0.80) 8 7Tev [11]
CMS comb. (Sep 2014) 172.38 + 0.65 (0.14 + 0.64)

May 2015

(*) Superseded by results
shown below the line

|

748 TeV [11]
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Measurement of the top quark mass in tt events with a J/y

GATLAS S
EXPERIMENT b3

Reconstructing all the top quark
decay products:

> total uncertainty dominated by
systematic uncertainties

» strongly correlated between
decay channels, methods, and
experiments

» mostly due to b-jet energy
scale, color reconnection,
and ISR

> need of “alternative” measurement
methods




Introduction

Motivatior Fundamental idea

Leptonic final states with b — J /y+X— x@ AS
eptonic final states wi v+ utu+ a1l Tal) Z
\ - wj’,Lﬂ*(e*)

mont a0, CE
oy 16 10 49812013 GEST

wm T ba0e1

i Je
pr=83.8 Ge

XA Jet n=-0.09

iy pr=37.8GeV ¢ -0.94

. H n=084
» Based on the correlation between M;

and the invariant mass of the J/y+ ¢
combination
CERN/LHCCY2-3 (1992) 90, PLBATS(2000)73,
ATL-PHYS-2001-015, CNIS-NOTE-2005-058
» Systematic uncertainty expected to Bl 75 n=-154
be weakly affected by jet energy
scale, not affected by b-tagging, but
sensitive to soft QCD modeling
» Branching ratio: BR(ft — (WTb)(W~b) — (£ v, J/w X)(qa'b)) ~ 0.55%
only /w — ptu~ and £ € {e,u}: BR~2.1-107*
— 15! time that this method is used: 8 TeV data
> 19.7 fo~" with CMS: CNIS-PAS-TOR-13-007, arkiv:1603.06535 nep-ex], CMIS-PAS-TOP-15-014
> 20.3 b~ with ATLAS: ATLAS-CONF-2015-040
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Top pair events with a J /v

Event selection

Selection criteria @ A@) > 1
EXPERIMENT he
Semlleptonlc tt events with a J/y Dileptonic it events with a J/y

ufe
T

N

Er
jetb . h
jetb
u

jetb

ple
V.

jet

jet

> exactly 1 isolated /*

> >4 jets with pr > 25 GeV (ATLAS)
or > 2 jets with pr > 40 GeV (CMS)

> exactly 2 isolated /™ of opposite sign

> > 1 jets with pr > 25 GeV (ATLAS)
or > 2 jets with pr > 40 GeV (CMS)

» exactly 1J/y — ptu~ candidate
for ATLAS for CMS
> pr(ut) >4GeV, n| <24,
in the same jet

> pr(u

> IP,, IP| <3mm > vertex fit with a Kalman filter: 42 < 5

> ct/Act>20
> M(J/y) € [2.9;3.3] GeV M(J/v) € [3.0;3.2] GeV

E. Bouvier (IPNL), F. Derue (LPNHE)
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Top pair events with a J /v

Event selection J/y(+¢) properties

Event yields @A Am

EXPERIMENT _’é
» MC samples normalized at the integrated luminosity and
their theoretical cross section
» f{t samples produced for M; = 172.5 GeV

for ATLAS: with POWHEG (CT10) + PYTHIA 6 (P2011C) + EVTGEN + TAUOLA
for CMS: with MADGRAPH (CTEQ6L1) 4 PYTHIA 6 (Z2*) 4+ TAUOLA

” CMs Prellmmary . . . 19.7 ‘tb‘(z TeV)
H elpleelpy/ep + Jets channel + Data

Process Number of events i

ATLAS CMS

tt 520 +23 548 +-6

single top 24+5 70+5

Z+jets 22.7+4.8 10.8+1.3

W + jets 22.6+4.7 304442

Diboson 1.2+1.0 2.3+0.3

Total expected 609 +25 66249 g 2

Data 625 666 F C— —

0
p+Jets pu+Jdets pe+Jets e+Jets ee+Jets ep+ Jets

E. Bouvier (IPNL), F. Derue (LPNHE) 40f17
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Top pair events with a J /v

Event selection W(-+£) properties

- ATLAS
J/y properties EXPERIMENT b

CMS Preliminary. 19711 TeV)
> R R e A ] > e e R S 2sopT LAANAA AL
8 120 ATLAS Preliminary  —+-Data, 718 fg ATLAS Preliminary - Dat 3 elhoelyylop + Jots channel +
S oo b 15=8Tev. 203167 SSivindusy o Vs =8TeV,20.3fb" 8
3 lepton+> 4 jets B Gl top S 16 dileptons> 1 jet mmsrgels § S
2 sof ,, m=gEe, 4 e M e 13
§ NP & Fake Lep. § 12 EmNPEFaoLlep T §
g el 77y Uncerainy | @ 10 777 Uncentainty H
2 R o g rry
FRI? i % Pl s R = - ]
5 3 E v ¥
EN oo 4 8 I .
257295 3 3,05 81 5.15 3.2 3.25 3. 9265 3 3.05 31 315 32 3.25 3. 5502 304 506 506 31 SE2 514 31 A1 52
m(u) [GeV] m(uw) [GeV]
CMS preliminary
> E T T T T =Y T T T S 120 T T T
8 220 F ATLAS Preliminary - Daia 8 ATLAS Preliminary  —+ Data 3 eleelyyuiey + Jes channel
o 20F s _gTev, 203’ WMi-Uy 4 5 80F o grey 203fh! M-y o
T 180 F on+> 4 jets e 3 T 5k dileptons 1 jet T @ wihout Jy z
> ! > E R
2 160 | Wlets 2 = ;w‘r!glz‘op §
S 140 & - Zijets 4 2% 5 e 3 @
w120 _Rﬁ"}f?ﬁm Lep. m W NP & Fake Lep.
100 F 7/ Uncertainty 3 15 /7 Uncertainty B
80
60 10}
40
20
E e 2 ¢ R R
S 2 % I S ORI FURE SN A P A
ER BT 5 R S AALIUML K 0 1 0 R |
g T - & el
207 40 60 80 T I R TR TR

b, () (GeV)
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Top pair events with a J /v

J/W+ £ properties

J/w(+¢) properties

TLAS

EXPERIMENT K

> [RABSRSAAASS A nansnons sens Aen > e T
8 o5 | ATLAS Preliminary  —+- Data & 5[ ATLAS Preliminary - Daia
= Is=8TeV,203fp" HEU-Jy =Y (s=8TeV, 203" MMy
I ’ CJ ti without Jiy « E . D tiwithout Jry 3
~ F lepton+> 4 jets B Single top ~ 30 [ dilepton+> 1 jet
@ 200 o 2 ingle top
£ . +jets £ o250 Zui 3
13 7 . Zijels g N Z+jets
& 150 - Diboson 4 @ 5E Diboson 3
o M NP & Fake Lep. ] I NP & Fake Lep.
Z 277 Uncertainty 15 7/ Uncertainty
100 |-
10
50 |- B
5
g g
€2 L 2p 1
s 1 s 1
8 L 8 7
0072040 60 80 100 120140160 180 200 007720 746 60 80 100 120 140160 180 200
m(lu) [GeV] m(lp) [GeV]
CMS Preliminary 19.7 b (8 Tev) CMS Preliminary 19.7 b’ (8 Tev)
% F wnero El Jeelon + Jets channel .
] Wp/pe E 3 eleelep
E i s e op
< E ackgpound
[ ERE Blurcerainies
g R
& qa
g ETTTT ! Ty T3 g BT T T T
FS ] NN SIS S 8 00 ) O D B I 1?1; PRI 4 0 1 0 0 9 I
g . FRMMAIETE S8 0 O N 1 0 T . . s M
s | | | i S TG | | | i
o EY 00 50 200 250 o 50 00 150 200 250
M(Ip+) (GeV) M(J/p+e) (GeV)
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Hadronization modeling

Fragmentation

@MAS
EXPERIMENT

» Charged leptons better reconstructed and less affected by pileup
— use of J/y — ™ to probe b quark hadronization modeling

Comparison between the cluster model (HERWIG) and
the Lund string model (PYTHIA)

T T T T 0 T T T T
ATLAS Preliminary, \s = 8 TeV, 20.3 b} [ ATLAS Preliminary, is = 8 TeV, 20.3 b

Events / 10 GeV
Events /0.1
Events / 20 GeV

Pred. / Data
Pred. / Data
o an

Pred. / Data

AR ASSR RSO B ns s
ATLAS Preliminary, s = 8 TeV, 20.3 b
leplonsz4jets
5 rowrEG, PYrHse. EVToEN

+ I FOVIHEG HERWIG
sCanLOHERMG

W onng

20 40 60 80 100 120 140 160 180 200
m(ly) [GeV]
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Soft QCD modeling

ization modeling Fragmentation parameters

Fragmentation parameters
> ariv:1503.06536 hep-2x] uses a different strategy for J/y — uu~
reconstruction in tt events
—» signal isolated from combinatorial background using sPlot weights

2 1407 8,0.64 Z2°LEPr, Z2* Peterson Lund Herwig 6|
- .- © =
5 [CMS 19.7 1™ (8 TeV) 5%8- 5
B 100k S
5 1201 1 - 3,086 + 0.002 GeV Zos8r .
I+ - . G o
8 gof &= 0936 = 0.002 GeV & 4 CMS 19.7 b (8 TeV)
Nygnat = 732 # 51 5 O - S
g—756 51 3 =) X
Noig * il —4
2 03k o Data
* Data = = Z2°LEP T,
60+ | Background
— Total 0.2 5=
40
0.1 - =
201
AN it K i X Ofo— | |
2526 27 28 29 3 31 3.2 3.3 34 02 04 06 08 1 1.
o -
m(u'y) [GeV] R=p /|3 Pl

> Bigger differences between fragmentation parameter sets than between
hadronization models

> Not enough data at /s = 8 TeV to rule out a set
< other charmed mesons (DT, D*, DY,...) could also be used

Derue (LPNHE) 8of17
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Top quark mass measurement

Method Systematic uncertainties

Fit procedure J

» Summing all events:
» distributions for J/y+ e or J/y + u final states \

reasonably well described by the MC, no
significative differences between the channels R

» “wrong” pairings less sensitive to M, but still e )—[ v
maintaining a correlation to M; v

> Six MJ/\HZ distributions, for M; € {166.5; 169.5;171.5;173.5;175.5; 178.5} GeV:
all processes are summed up after normalization at their respective cross-section

< background processes: same M,y ¢ distribution VM
— signal processes (= {t+ single-top): different M; s+ distribution for each M

> Simultaneous fit of the six M, . ¢ distributions between 0 and 250 GeV with the

following PDF: M )2
1 J/ w4+t — Hg
Ps M =0———exp| ——————5——
5|g+bg( .J/\|f+é) G o p ( 2%2 )
By W _ My o — 1y
+(1—0)=——(M —u)" Texp [ -
( ) r(Yy) ( J/\VJrf Y) BY

< each of the 6 parameters is a 15! order polynomial function of M

E. Bouvier (IPNL), F. Derue (LPNHE) 90of17
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Top quark mass measurement

Method Systematic uncertainties

PDF parameterization
Parameters showing the strongest dependence on M;

CMS Preliminary Simulation 19.7 b (8 Tev) CMS Preliminary Simulation 19.7 b (8 TeV)
F S L B L L B P L A L S LAY L BN S B
8 [ elweel/pwep + Jets channel ] 8 [ elweelpp/ep + Jets channel 1
‘:-L’ 80 Mean of the Gaussian ; ‘g L Width of the Gaussian 4
L —— W=-5+0.46M ] 24— 0=-6+0.15M, *
8 = Alternative fit method J L = Alternative fit method 1
76~ -
7l J
L b L ]
r ] 18— —
20E b [ ]
[ ] 16— —
68 — — = g
e P A O S AN RN 7 P S A AN AR
166 168 170 172 174 176 178 166 168 170 172 174 176 178
M, (GeV) M, (GeV)

Derue (LPNHE) 10 0f 17
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Top quark mass measurement

Method Systematic uncertainties

Change of fragmentation baseline

> Z2* not optimized for fragmentation modeling:

> Z2* rbLEP family: a tune (+10) of Z2*
including the measurment of xg at LEP by
varying only the b quark fragmentation
description

> Perugial2 family: alternative tunes by varying
the fragmentation description for all flavors

» Measuring M; for each tune

» Difference between P12FT and P12FL ~
difference between Z2* rbLEP soft and hard
> —0.71 GeV to the M; value obtained to use
Z2* rbLEP as baseline
> +0.30 GeV as systematic uncertainty
stemming from fragmentation modeling

M(Z2* rbLEP) - M\(other tune) (GeV)

AM, =

0.6

0.4

0.2

o

-0,

R

-0,

=

-0.6

-0.8

|

Pz
L W

CMS Preliminary Simulation (8 Tev)
T T T T

B decays with J/y

. Z2* m 72*rbLEP

4 Z2*rbLEP soft v Z2* rbLEP hard
P12FT P12FL
P12

gen gen

AM, = (0.30 GeV/1%) x AD"'(B)/p; (et)D

0.73 0.735 0.74 0.745 0.75 0.755 0.76 0.765 0.77
gen gen, .

B2 (B)/pI" e

110f17

May 19, 2016



Top quark mass measurement

Systematic uncertainties

Statistical uncertainty and Monte Carlo statistics

" 4

» 3000 pseudo-experiments of

0 =(2.900 +0.038) GeV |

K CMS y 19.7 b (8 TeV)
Nevt = Poisson(Ngata) generated S OLT kcrwen + et chamel | [ Rasiggar
- i i ~ rGaussian fit parameters: Entries 3000
from Ps,g+bg| M, then fitted with g o[ Sueman it puaneters ean o120
Q
>
w

Ps; for several M%®" values
sig+bg t

» Width and mean of the residual 120
distributions represented as a 100
function M*"

y o

®
3
L B B L O Y BB

» Expected statistical uncertainty: ©
2.9 GeV »
obi e bbb Ll
-20 -15 -10 -5 0 5 10 15 20

» Uncertainty stemming from MC

WM (Gev)
statistics: 0.22 GeV

Derue (LPNHE) 120f17
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Top quark mass measurement

Systematic uncertainties

Experimental uncertainties

» Monte Carlo statistics v

250 CMS Preliminary 19.7 fo (8 TeV)
e L T e
> Muon momentum scale 3 [ eciien et channe v ]
§ 200 7z M single top ;
» Electron momentum scale S F Mescigond
g F Uncertainties
g . 2 150 .
» Modeling of the J/y candidate 5 E ]
w I i
mass distribution 100~ E
> Jet energy scale sof- =
» Jet energy resolution °
Q 2 L L B L B B U
= 1.5E (] Y
» Trigger efficienci s 1%%%% R
gge e Ce ces é% DFSE L L L L L L L \Y L
» Background n0rma|lzatlon 03 302 304 3.06 308 31 312 314 316 318 3.2

JIY mass (GeV)
> Pileup

Derue (LPNHE) 130f 17
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Top quark mass measurement

Systematic uncertainties

Theoretical uncertainties 1

Modeling of perturbative QCD Modeling of non-perturbative QCD
> Matrix-element generator » b fragmentation Vv
> top-quark pr modeling » Underlying event
> Rer?ormalization and factorization » Color reconnection
scale

» ME-PS matching threshold
» Parton density function

Simulation of a proton-proton collision, including the
modeling of:
P the initial partons,
the hard process,
the underlying event,
radiations,

vyvVvyYvYyYyY

the hadronization.

Derue (LPNHE) 14 0f 17

Measurement of the top quark mass May 19, 2016



Top quark mass measurement

Summary

Systematic uncertainties

Source Value (GeV)
Experimental uncertainties
Monte Carlo statistics +0.22
Muon momentum scale +0.09
Electron momentum scale +0.11
Modeling of the J/y candidate mass distribution +0.09
Jet energy scale < 0.01
Jet energy resolution < 0.01
Trigger efficiencies +0.02
Background normalization +0.01
Pileup +0.08
Theoretical uncertainties
ME generator —0.37
Renormalization scale 0y
ME-PS matching threshold e
top quark transverse momentum +0.64
b fragmentation +0.30
Underlying event +0.13
Color reconnection modeling +0.12
Parton density functions o
Total ReaT—

150f 17
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Top quark mass measurement

Systematic uncertainties Results at /s

Results at /s =8 TeV

CMS Preliminary 19.7 fb* (8 TeV)
~—_~ T T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ T T T T
% 100 — e/p/ee/pp/ep + Jets channel "‘x
o Ea 1
o L =) 4
= L 53 i
o 8 2 B
<3 L 4
S L l i
w |- 4
0 . .
60— 170 180  —
i P M (Gev) |
F i iV M =(173.53 £ 3.04) GeV -
40 — H .|
20— —
ol 1 e
0 50 100 150 200 250

My (GEV)

15! measurement of M, using top quark decays in the exclusive
decay channel t — (W — £7v) (b — J/y+X — ptu +X):
M; = 173.5+ 3.0 (stat.) £ 0.9 (syst.) GeV

(IPNL), F. Derue (LPNHE) 16 0f 17

Measurement of the top quark mass in it events with a J/y May 19, 2016



Prospects at /s = 13 TeV @A LAS ',1

EXPERIMENT

» final state with 3 leptons: trigger and selection efficiencies expected to
be less affected by pileup increase

» soft QCD modeling: contribution to fragmentation tuning ?
» top quark mass measurement:

» weakly sensitive to JES and JER

— JES and JER uncertainties hard to reduce with pileup increase
> expecting a decrease of some theoretical uncertainties:
> NLO Monte Carlo generators
> fragmentation tuning ?
> expected to be competitive with other techniques for a statistical
uncertainty ~ 1 GeV

> increase of the t cross section by ~ 3.3
> L ~55fb~" expected in 2017

E. Bouvier (IPNL), F. Derue (LPNHE) 17 of 17
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Backup

F. Derue (LPNHE) 18
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Lund string model

Between 2 colored objects, there is asymptotic freedom at short distances
but a linear potential at long distances:

» color field lines compressed into a tube-like region
> linear confinement with a string tension ~ 1 GeV - fm~"

» Lorentz invariance, causality, left-right symmetry

Lund fragmentation function:

1 bm?
f(z) o« —(1 —2)%exp | ——=
(@) 301-2em (-2
Bowler extension for heavy quarks:

fheavy(z) o f(Z)

— a, b, r tunable parameters

E. Bouvier (IPNL), F. Derue (LPNHE)
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Cluster model
Following the color structure of the parton shower:
» color-singlet pairs (=clusters) end up close in phase space, with a mass
of order of the parton shower cutt-off Qy
» gluons can be non-perturbatively split into quark-antiquark pairs:

Color-singlet clusters are projected onto the continuum of high-mass mesonic
resonances, which further decay to lighter well-known resonances and stable
hadrons using a pure 2-body phase-space decay and phase space weight:

We< (251 +1)(2s2+1)—
» hadron-level properties fully determined
by the parton shower

» suppression of heavier hadrons,
including baryons and strange hadrons

» crucial role of Qq

20
May 19, 2016

E. Bouvier (IPNL), F. Derue (LPNHE)
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Tunes of the Lund-Bowler fragmentation function parameters ‘

Comparing Z2* with two families of tunes: using the shape of the B hadron pr at
» 72* (bLEP and its hard and soft generator level relative to the jet one:
variations :
) . CMS Preliminary Simulation (8Tev)
a tune (+10) of Z2* including the 5 oo er B decays with J/ip ]
measurement of xg at LEP oot |- E
s varying, for b quarks only, the r 0o E
parameter in the Bowler extension of oF E

the fragmentation function

» P12, P12FL, P12FT:
variations of the fragmentation
process so that it is harder in the 0
longitudinal or transverse direction

---- Z2* rbLEP soft 22* rbLEP hard —z2r

Ratio to Z2* rbLEP

E E P12FT P12 P12FL E

. 2 Lf E

— varying, for all quarks, the a and b -
parameters of the Lund g F 3
i 9 c O°E =
fragmentation function R S

E. Bouvier (IPNL), F. Derue (LPNHE) 21
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ol

Reconstructing D° — kT within tt events

Studying jets with u* and D® — x*r ™

> using the sPlot technique to separate signal from
backgrounds NIl A555(2005)

2
> R2=LiPeme glice pr(DO)/pr(jet)

Events / 0.03

Events / (0.0 GeV )

T T
s + Jets channel

+ Daa

E — s
[N s s

Background:
Ny, = 1480 £ 45

E 1= (1864 £ 0.001) GeV.

Data / MC

0= (0,015 0.001) GeV

Measurement of the top quark mass

15 18

= Would need to reconstruct J/w and D°, using £ ~ 150 fo~" at /s = 13 TeV

Events /0.05



http://dx.doi.org/10.1016/j.nima.2005.08.106
http://dx.doi.org/10.1016/j.nima.2005.08.106

Fit of the J/y — ut ™ vertex with a Kalman filter

CERN-2003-002.411

N - Particle: reconstructed trajectory, assigned mass (,ui)

: : or reconstructed mass (J/y), charge, x2 and

N reconstruction number of degrees of freedom in the vertex fit
Iy — 7 parameters (X, y, z, px, Py, Pz, M)

+ covariance matrix

197 fb* (8 TeV)
T T

T T T T
eljeelpleys + Jets channel

Vertex: position + covariance matrix, x2
(1 degree of freedom)

Events /0.5

Uncerinies

Xz — (yref o ymeS) Vy_rn1es (yref 7ymeS)T minimization

Data/MC

23
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Experimental resolution A@)
E)’FERHMCMT

> T A AAN AR R A > IAARRRaAS LA AR AR R A
8‘40, ATLAS Frel\minary‘ o oms K » ATLAS Prellminary‘ o oma
= _ = Fittotal < 251 = FtToml B
g% sesTevizoan’ o, T 3 B jsesTevanam) o,
= 120 lepton+2 4 jets Background (Exp) | 2 dilepton+> 1 jet Background (Exp)
2T m, 0,060,004 Gov 2 20 B
© 100 0.,=0.054:0.003 Gev. 3 g ]
2 2
@ i
3 15k] | Naw2es E
60 10
40
5
20|
| L Lt ITPTPRTT TR 1 A |
22242628 3 3234 3638 4 22242628 3 3.2 34 3638 4
m(uw) [GeV] m(uw) [GeV]
- 107007 ~ 19.710 " (8TeV) o
2 2F eiveaien - sowcrame " tom ] T wF oo oy ‘L,\s,‘iw.‘lylagm‘wrW , Simulation (8Tev)
o ‘ § {_ L 210t
£ wf i FE E g
< - E 510
2 mf E z 510
g 2 2
2 @ o« E
i £
oo E B 210°
4+
sof- = © 10 ***ﬁﬂ
. o T
Q T T T T T “
g i T
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“Good” vs “wrong” pairings .
> statistically, when combining an isolated lepton and a J/ in a semileptonic tt

events, a 50% chance that they come from the same top quar}(

v i/v
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Weighting events using A¢(J/, £)
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> still 47% of wrong pairings and not significant improvement of the sensitivity
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J/y+evsd/y+u

» peak position different but as much correlated to M;

» peak position identical when requiring the same kinematic criteria

E. Bouvier (IPNL), F. Derue (LPNHE)

Events /(5 GeV)

Events /(5 GeV)

20000 Simulation 197 ™ (8 Tev) 4 Simulation 197 16 (8 Tev)
- T T s
elifeeliels wJets channel 6% 175 5 Gey 3 Siope of the calibration curve
18000 |- Wyo=(3220m6v ] 2 wsE Electron: 0.44 £0.02
16000~ 12zoneev 1 2 —+— Muon: 0.44 2001
21201) Gev b~ All0s 001
14000 E
nE
12000 E
10000 E 2E
o
o
so00f- e aE o E|
A
a0 E Al
oF E
# A
000 E .
A
= // E
2000F- .- B A
5 I I I I I I I I !
o 50 100 150 200 250 16 s 10 12 14 16 1

My, (GeV)

M, (GeV)

Simulation 1.7 (@ Te L6 Simulation 107 1% (8 Tev)
[ T T T T s U T T T T T T
10000 elecluplen sgets chamel ™ 1756 Goy E Stope of the calibration curve i
.= (730 £0.1) Gev. = s Electron: 0.43 +0.02 3
16000~ L e — Muon:0.44 2001
ool W= (129 £01) Gev ] 74— AlL0.42 2001 3
12000 E 2| 3
10000 - 3
7 3
ao00f- E
7| 3
s000f- 3
0= —
a000f- 3
2000 — - s 3
) e I I I I I Il
o S0 100 200 250 6 w8 10 1wz 1w we 1w
My, (GeV) M, (GeV)

Measurement of the top quark mass in it events with a J/y

27

May 19, 2016



Use of dedicated tt samples

Problem peculiar to this measurement
> need of ~ 2000000 ft events with a J/\y — u ™ per M value
> because of the very low BR(b — J/y+ X — u"u~ +X), simulation of the
detector response for the corresponding inclusive ft samples unreasonable
Solution brought by the collaboration

» hadronizing with PYTHIA 6 existing LHE events produced with MADGRAPH,
using an iterative filter made of 2 steps:

1. matrix element — parton shower matching
2. identification of a J/y — 't~ among the particles produced during the
hadronization

» same number of iterations for each event
— optimized regarding CPU considerations

> assigning a weight per event reflecting the filter history

> simulating the detector response only for tt events with a J/\y — uu™
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A key variable

The electroweak fit The electroweak vacuum stability
and indirect measurement of My JHEP 1208(2012)098
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The Higgs mechanism

SU(2)w doublet : o(x) = <¢(+)(X))

0 (x)
¢ ¥ (@3 [ (o) ) (6
V() =410 +A(00)% r== X (@), [s (§o)am (1) ]
A>0ety?<0 e
5.7 ol (O
+(v,-,€,-)cjk ¢(0) lkr | + c. h.
|
symmetry breaking

\

A
Ly <1+H,/ = >(dLﬂl/[ddH+uLM UR+ 7, My ln+c. h)

> mass eigenvectors o< v = \/—p? /A

» mixing of the flavor eigenstates: the
Cabibbo-Kobayashi-Maskawa matrix
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From the Lagrangien parameters to the observables

Mg mass:

Lagrangien parameter
1. Field quantification

2. Gauge fixing
— Feynman rules
p _ i

— e =

3. Regularization
— loop integrals

/

P p+I P

4. Renormalization
— series of perturbative corrections

= As many mass definitions as
renormalization schemes

E. Bouvier (IPNL), F. Derue (LPNHE)
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Pole mass:
real part of the propagator singularity for
each order of the perturbative theory

» invariant mass of a free particle
> A ~ 200 MeV/c?

MS, PS, MSR. .. masses:
» short-distance masses

P convenient to parameterize the Yukawa
coupling to the Higgs boson

Monte Carlo generator definition:

» interpretation depends on how much MC
simulations are based on QCD
> MMC — MP® =0.05%931 +0.50 GeV

PoS LL2014:054 (2014)
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