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Motivation and Summary of previous results

E XI!&M EN
° Top quark:
o  Most massive elementary particle in the Standard Model o - M summary, {5 =7-13 TV March 2022
o Largest Yukawa coupling with the Higgs boson | ... World comb. (Mar 2014) 2] ==
. . . . . tat
o Given the matrix element V, =1, it preferentially decays in ot ncertiny o s o R
H H LHC comb. (Sep 2013) LHCIopWG  |—t—] 173.29 + 0.95 (0.35 + 0.88) TeV [1]
Wb before It hadronlse World comb. (Mar 2014) = 173.34 £ 0.76 (0.36 * 0.67) :96—7 TeV 2]
ATLAS, l+j ] 172.33 £ 1.27 (0.75 £ 1.02) e
ATLAS, dif::)ston —f—— 173.79 + 1.41 (0.54 + 1.30) ; ;z g
° Top quark mass: ATLAS, all jets FH—=——H 175.1£ 1.8(14 £ 12) 7TeV 4]
. ATLAS, single top —t—— 172.2+ 2.1 (0.7 £ 2.0) 8 TeV [5]
= ATLAS, dilept o 172.99 + 0.85 (0.41+ 0.74) e
mt 17244 :t 013 (Stat) :t 047 (SySt) GeV ATLAS, a:IF}Zt:n ———] 173.72 + 1.15 (0.55 + 1.01) :Iez g
o  Top-quark pair is the largest contributor to this measurement | atas ees, octzots) | riek o oMM 080 Torer
. . . Lo ATLAS, leptonic invariant mass (*) H=H 174.48 + 0.78 (0.40 + 0.67) 13 TeV [9]
o  Systematic uncertainty dominates over the statistical one CMS, l+jets R 148 =108 [0t 07y 7TeV [10]
CMS, dilepton I—e:'_;——-| 172.50 + 1.52 (0.43 + 1.46) 7 TeV [11]
CMS, Il jet: o—f—| 173.49 £+ 1.41 (0.69 * 1.23) 7 TeV [12
° t Channe| A CMS, i.jé?ss e 172.35 £ 0.51 (0.16 + 0.48) 8 TeV {13}
- . CMS, dilepton e 172.82 + 1.23 (0.19 £ 1.22) 8 TeV [13]
. . . Callj o 132+ 0.64 (0.25 + 0. o
o  Dominant single top quark production process at the LHC s Dl eriminioss_ _ aria |
o  Provides alternate phase space at lower interaction scale | eGP 2 R R e = = i =
i i i CMS, dilept f—a—] 172.33 +0.70 (0.14 % 0.69) o
o  Partially independent systematic compare to ttbar g B Hoyshpehpopen BT o
CMS, single top HeH 172.13 £ 0.77 (0.32 + 0.70) 13 TeV [18]
CMS, boosted jet mass et 172.6 + 2.5 (0.4 + 2.4) 13 TeV [19]
Source aminclu.(Gev) * Preliminary
Jet Energy correction 0.33 I N TN R RN TRNRN A T B R |' T R
165 170 175 180 185
b Jet modeling 0.14 Miop [GeV]
Matrix Element matching 0.11 PRD 93 (2016) 072004 LHCTopWGSummaryPlots

2
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Single top quark production
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Top quark results summary

I~ ATLAS+CMS Preliminary t-channel -
LHCtopWG B ATLAS PRD20(2014)112006, EPJC 77 (2017)531, JHEP 04 (2017) 086

® CMS UHEP12(2012)035, JHEP 06 (2014)090, arXiv:1812.10514

. : ATLAS+CMS uher o5 (2019)088
: Single top-quark production : oie)
TOP guark cross-section September 2019 W
B ATLAS PLB716(2012)142, JHEP01(2016)064, JHEP 01(2018)063
102 | . h | } ® CMS PRL110(2013)022003, PRL112(2014)231802, JHEP 10(2018) 117 —|
C -i?i- t-channe ¢ ATLAS+CMS urcpos orsjonn ]
Js o, ., (NLO) - .

. 4& ; s-channel

B ATLAS rLB756(2016)228
® CMS JHEP09(2016)027 7
- ¢ ATLAS+CMS uepos 2019)088 -

- = = = NNLO PLB 736(2014) 58 E
i ! i twW scale uncertainty 2
B ===NLO+NNLL PRD83(2011)091503, 5 |

- - PRD82(2010) 054018, PRD 81(2010) 054028

8 TeV 847138pb (44%) tW: ff contribution removed

______ scale ® PDF @ a, uncertainty
1 0 —

Inclusive cross-section [pb]

7TeV | 63.9+2.9pb (4.5%)

|ej0} ‘jeis

—— NLO NPPS205(2010) 10, CPC191(2015) 74
M= W= My,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
tW: p: veto for tf removal=60 GeV and 1, =65GeV
- scale uncertainty

scale ® PDF @ a, uncertainty

13 TeV | 217.0£9.0pb(4.1%)

*FS -> Flavour schemes Vs [TeV]


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

(@ tifr Signal event topology and Backgrounds

a" ——— Spectator light-flavor jet ( p; > 40 GeV ) at high |n|

Exactly 1 isolated lepton u (e) with p>26 (35) GeV

g Separately (u™, e) and (u* , e*) considered

v— Missing p;

(4FS)

b —— Central b-jet from top quark decay ( p; > 40 GeV)

O tstpar) = 217 PD (13 TeV, 5FS)» — (not reconstructed) mostly out of tracker acceptance or very low p.

SingleTopRefXsec

top-pair process W+jets process QCD multijet ¢
o=~10%pb o=~10%pb o =~10%b
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Jets Multiplicity

w

N

Yields after selection and categorization

<108 35.9 b (13 TeV)
£ 04} ' '
o L cms ¢ Data i i-ch. ]
2 0k ut, 21T [, tw, sch. [V + jets, WV |
L?>j Tr [ Jacp /| Stat ® syst 1
02F ]
0.1f
0 |
oo 1.2f ' . : :
© 9_') 1 7//////////‘/////////// . Y
Ola 0.8t . , , 1
-1 0 1
A u charge
? : 3J1T - 3J2T
- | tt, W/IZ + HF . tt”
2J0T : 21T .
W/Z + LF, QCD :[Signal region tch|.
0 1 2

b-tag Multiplicity

Flnal Yield p+jets

@ t-channel

tW+s
channel

® ttbar
@ W/Z+jets
@® Di-boson
® Qcb

Flnal Yield e+jets
@ t-channel

tW+s
channel

® ttbar
@ W/Z+jets
@® Di-boson
® QCD
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(\C tifr Top quark reconstruction

Jet

lepton
. . ] Neutrino
e Estimate p, from energy-momentum conservation using the m ,

= 80.4 GeV constraint O

2 - \2
mly = (B + B +02,) = (Fret Br) = (eo+pes)

e Quadratic solution for neutrino p, :

Bottom
Quark

Top Quark

. STl 359" (13 TeV)
= For real case (~ 65%), choose the one with lowest |p,| > R e e o B s oy
(accuracy ~ 64%) o a0l CMS ¢ Data
. . =) e ST B :-ch
=~ For imaginary case (~ 35%) = [ [, tw, sch.
= make the radicand zero = Quadratic equation in p, , and p,, 2 s BV +jets, WV -
: : e ' o
= vary p, , and Py keeping the m,, constraint satisfied il a0l [ ]QcD
so that neutrino Pry has lowest A with missing p, Stat ® syst
_ 20}
e Reconstruct W boson from lepton and neutrino [
< 0 - T T T T T
; © [S7® T (& F vF [ 7P PR [ 7 Eme [F RS E [T AmA]
e Reconstruct top quark from b-tagged jet and W boson g 8 ;'2 kil L LT L L LA L L DAL L Ll ]
100 150 200 250 300 350 400
m, (GeV)
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(@ tifr BDT discriminator and ROC

Variable Rank p | Rank e | Description
ARpyr 1 1 Angular separation in 7 — ¢ space between the b-tagged and untagged jets
light jet |7| 2 2 Absolute pseudorapidity of the untagged jet
My 3 3 Invariant mass of the system comprising of the b-tagged and untagged jets
—_— 4 4 Cosine of the angle between the lepton and untagged jet in the rest frame
of the top quark
m-lW (= 50 GeV) 5 5 Transverse W boson mass as described in Eq. (6)
FW1 — 6 First-order Fox-Wolfram moment [46, 47]
| A1 | 6 7 Absolute pseudorapidity difference between the lepton and b-tagged jet
P+ pj-; 7 8 Scalar sum of pt of the b-tagged and untagged jets
|7¢| 8 — Absolute pseudorapidity of the lepton (muon)
_ooa¢ o 3591 (13TeV) oA 359f7(13TeV 100 35.9 b (13 TeV)
% [ 5 : $ Dt ] ?e (e:M 2J7T @ Data | £ gl CMs o
g sop -t_Ch' § S 20F o Wtch ] 2 80 21T — ROC curve
0 [, tw, s ch. D f [® ], tW, s ch. «
I WV +jets, W ] WV +jets, W | 70 /
21 [Cacp ] ; [Jaco _ 60
: _ Estat @ syst 10 B3 stat ® syst 50 /
i 30 //
0 20 /
14 : ' . st 10 -
EE;E I———————— §,§=_’8A 600 eeeeeeeeleseeedy 0 — | .
0

} 6 Emps e e s R e e e 0 10 20 30 40 50 60 70 80 90 100
B A} S—— - 0% 0 BOT R \ 0 €si (%)
— —0. i n g

BDT Response ESROlse 16 %
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(& tifr BDT Cut Optimization

-1
35.9 b (13 TeV) e o SEUNN GG
> [T T T > > 05F -
2 L cms — 1 = 8 CMS —— Stat + prof
o) - 2 +
O 1_ Fant — gy '1 o = addY —— Mass calibration
L | — Signal purity i -% 0.4
- - :
L i (@]
c
- 7 - 0.3
051 o5 [
i : 0.2f
o L 0 R TSI RE S S S
~1 -0.5 0 05 1 06 065 07 075 08 085
BDT selection threshold BDT selection threshold

° For BDT response > 0.8
o  Signal purity = 60%
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( tifr Extraction of m, Published in JHEP

e QCD is subtracted from the data 10.1007JHEP12(2021)161 ;
e 50% uncertainty (shape+rate) propagated on the o> S ?’59 fbl (1 3 T?V)
estimated QCD bkg. " CMS

e Simultaneous ML fit using y = In(m) distributions in y [ 201T i Data (QGD sublr)
and e final states -

Events / 0.09

>y, : POI, represents the peak position of the
combined t - ch. and Top templates

> m, = Exp (y,) ; calibrated against true mass in MC
> F, , =asymm. Gauss. core + Landau tail

> = Crystal ball

> F_ =Novosibirsk

Data — Fit

® yofu fTopandf are allowed to float during the fit

e Constraint on the rates added as nuisance parameters to the fit : : : : :
o o o Fit model is validated in control region
f  —15%, fTop—>6A> and fEWK—>10A>

t=ch -0.2<BDT Response<0.8

uncertainty in the respective cross section measurement are taken into account
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP12%25282021%2529161&v=8f60ff39

(& tifr Mass linearity and calibration

m. hypothesis considered simultaneously for t - ch. and tt” using dedicated MC samples

35.9 b (13 TeV) 35.9 b (13 TeV)
I J J ! J ! ! ! I U !

9 i T T T T T ] />\ I T T T l T T T l
o ™7 cms 2 2 CMS 2
9 I + X 1.2 ED., A 21
c [ 201T dof 3 I 201T dof |
= £ 8r e
< RN AN

165

160

|

I 1 1 1 1 | 1 1 1 L I L 1 L I L 1 L I 1 L 1 1
170 175 4164 166 168 170
Mie (GEV) mq, (GeV)

e Mass calibration is done using the relationship
e Fit output shows a linear behavior

Am_ .=

cali = |Mrrue™ Meyl V8- My

e Calibration performed separately for
the " and I case also e 10 uncertainty band is shown in the plot
DHEP Review meeting
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(@ tifr Systematic Uncertainties

e Signal and Bkg normalization added as nuisance parameters in the fit

e All other unc. are externalized > fit repeated with varied templates

e Max. difference w.r.t nominal quoted as uncertainty for PDF+a_and p_/y. scale variations

Source dm. . (GeV)
Jet Energy scale +0.40
Signal modeling +0.30
Color reconnection model +0.24
b-quark hadronization model 0
Total syst. 08
Stat. + Rate +0.32
Grand total e .




. [ ]
& tifr Results Stat+pof  10.1007/JHEP12(2021)161
— Total unc. i
Inclusive mass results: Sub GeV precision CMS, single t (13 TeV) o
069 1076 CMS, tt all jets (13 TeV) |——Q—c
m; = 172.13 £ 0.32(stat+prof) Ty 5p (ext) GeV = 172.137 ;72 GeV CMS, f dilepton (13 TeV) i .
] CMS, i / + jets (13 TeV) ———
. . L ’ ATLAS, comb. (8 TeV) .—v—.
The masses of the top quark and antiquark : % ¢ oM, comb (8 TeV) f
CMS, single t (8 TeV) —_—_
m, = 172.62 & 0.37(stat4-prof) 1097 (ext) GeV = 172.627 10 Gev,| | > T4 .
y . 168 170 172 174
m; = 171.79 £ 0.58(stat+prof) T135 (ext) GeV = 171.79113 GeV m, (GeV)
Masses ratio and difference: no evidence for violation of CPT invariance Stat + prof _
Total unc. :
mf _____ - '
_ _ +0.0068 _ +0.0079 SM prediction ! :
t CMS, single t (13 TeV) v .
Am, = m, — m; = 0.83 & 0.69(stat+prof) T1-9 (ext) GeV = 0.8311-72 GeV
t t t : . p —1.16 P~ -1.35 CMS, ft / + jets (8 TeV) ¥
Mass difference from ttbar events (PLB 770 (2017) 50-71): ATLAS. ]+ jets (7 TeV) '
Am, = -0.15 % 0.19 (stat) £ 0.09 (syst) GeV e,
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( tifr Mass and width measurement with Full Run2

1. Decay width measurement is sensitive to Beyond Standard model effects

2. Top quark decay width will be different than SM prediction If the top quark able decay into some new
heavy up/down type quarks doi:10.1140/epjc/s10052-006-0137

3. Top quark width is measured at lower presion(10.40%) @CMS_Run1 compare to it mass presion (0.28%)

Higgs combine tool

It is common framework used by many analyses

Data handling is easy

Systematics can be floated in the fit as a nuisance parameter

Top quark mass and width parameters are floated in the fit as Parameter of interest

results are reproduced using mc template from 10.1007/JHEP12(2021)161 for signal and background
constraints on the normalization added as nuisance parameters to the fit similar previous measurement

2B T o
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https://indico.cern.ch/event/1055797/contributions/4437205/attachments/2276117/3866671/TOP%20m%26p%20update.pdf
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« tifr

Data MC comparison for newly processed samples

o 2T m¥> 50 GeV

35.9 fb' (13 TeV, 2016)

o 2T m¥> 50 GeV

35.9 fb' (13 TeV, 2016)

S CMS Preliminary Do ] CMS Preliminary ADe
= »nl W+ jets JllEzch: = e + jets | Wt-ch.
B2} []tW+s-ch. EZ] []tW+s-ch.
S Bt S Bt
o 1 EW+jets o EW+jets
BZ+jets BZ+jets
Y Y
Qco aco
| ETotal Unc. |ETotal Unc.
—
o
N Data Driven QCD
1.4
Q D | and more Data-MC
= s 4 o g = s s g . )
S oslprd e g 8 oy 4]  comparison plots
0.6 0.6
-5 —4 -3 —2 -1 [+] 1 2 3 4 5 -5 —4 -3 —2 -1 [+] 1 2 3 4 5
light jet | light jet |
, 2J1T, m%> 50 GeV 41.5 ' (13 TeV, 2017) w \
a0 . 21T, m%> 50 GeV 41.5 1 (13 TeV, 2017)
9 ™F  cMs Preliminary ¢Data & f :
Sl + jet {Wt-ch. 5 CMS Preliminary #Dats
= W + jets - = 2 §t-ch
B el {tw+s-ch. = e + jets | 2
S mtt .g [JtW+s-ch.
3 1 EW+jets o -
{HZ+jets i} EW-jets
Bvv | WZ+jets
acop %Y
[ETotal Unc. {mQcDb
1 [ Total Unc.
N~
—
o
AN
(&)
s g
8 E
a
-5 —4 -3 -2 -1 [ 7} 2 3 4 5
light jet
ght jet Inl light jet n| 1

Measurement of the top quark mass and width

DHEP Review meeting


https://indico.cern.ch/event/985445/contributions/4151390/attachments/2164075/3651987/TM%26P_Top_quark_mass_measurement_Run2.pdf
https://indico.cern.ch/event/985445/contributions/4151390/attachments/2164075/3651987/TM%26P_Top_quark_mass_measurement_Run2.pdf
https://indico.cern.ch/event/985445/contributions/4151390/attachments/2164075/3651987/TM%26P_Top_quark_mass_measurement_Run2.pdf

( tifr

BDT Distribution (2016 legacy samples)

35.9 b (13 TeV, 2016) 35.9 fb” (13 TeV, 2016)

€ wwb | CMS Prolminary g ' CMS Prefiminary
= W+ jets, 2J1T w e + jets, 2J1T e Data
mm i-ch.
={}+Jets, vV
=Total Unc. =$§EI Unc.

Control region
study has been
from
-0.2<BDT<0.82

[T ETRR1 ETER] ARRTE RTRTH RURTH STRTU ARUTU NN,
v b b b b g |

Data/MC

Data/MC

-1 -08 -06 -04 -02 0 0.2 0.4 06 0.8

0.4 0.6 08

35.9fb' (13 TeV, 2016)
— ———

35.9fb"' (13 TeV, 2016)
— ———

> [T | | o s i s [ 1
512 CMS Preliminary ... .. A 51.2-CMS.Preliminary............... a
S [ H+jets, 201T — gy 1 B [ e+ jets, 2J1T — 5y 1
§ i — Signal purity ] I — Signal purity |
T \ i o \ _
%] ISN——————— S — i 081
. . - S, u 08| SN J
: : . BDT>0.82
L ] A ] . . 0
| AEPE—————————————. 10, S 7 0 N - Purlty ~ 60 /0
0_2; ,,,,,,,,,,,,,,,,,,,,, ] 0.2: {
ol L L N O—;III—OIS‘II‘(I)Illo[S‘II_
- 05 0 5 BDT selection threshold

BDT selection threshold
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(@ tifr Nominal sample fit results (m, =172.5 GeV, I', = 1.322 GeV)

-0.2<BDT<0.82 -0.2<BDT<0.82

w

3

o) q"I"'_I."'I"'I"'I"'I"'I'— o) '0"1"‘1"'1"'1"'l"'l"'l'-
g 22 CMS Preliminary & ,,[ CMS Preliminary
S pf W+ jets, 21T e e + jets, 2J1T
2 + MC P 4+ MC
§ 18 — Fit. S 10
TS — t-ch. @

14 —Bkg Pdf 8

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII—LZ(‘

1{1||||||||||||||||||||||||||||||||||||||||||

l+lIlllllllllllllllllllll

(il T R R YA AR YO RO YO A TP OO T G YA i -
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(@ tifr Mass linearity and Calibration With Alt. Mass samples

35.9fb " (13 TeV, 2016) 359 fb! (13 TeV, 2016)
=472~ :
8 ZCMS Preliminary S 73f. CMS Preliminary
£ = F,21T e t FaNT
T _0.2<BDT<0.82 g 1720 -0.2<BDT<0.82
i . . r '/
L 171 3
170\~ g “
: il
- : ||| ||n il ||||||||
L 169 |
169 C ||||
i 1681
i %2/ ndf 5.887/1 C ¥2 / ndf 29.51/1
168 - p0 7291+ 5535 167 :_ po 165.9 + 0.2143
- p1 0.56+0.03216 g Pl 1.203 +0.07193
i 166/~
167_1_111111|11|111111111|11|11||11|11|11 :||||||[|||l]||||[l||ll||||[ll||l
169 170 171 172 173 174 175 176 > 55 3 35 4 45

My (GEV) A m (GeV)

e Nominal Sample m, = 172.5, Alter mass sample m, = 169.5, 173.5
e Alternate mass sample for ttbar for m, = 171.5, 173.5 are not available
e Offset corrected mass = 172.1 & 0.001 (stat) X 1.209 (cali. only) GeV

DHEP Review meeting Measurement of the top quark mass and width



(@ tifl" Sigma linearity and calibration With Alt. width samples (control)

35.9 fo" (13 TeV, 2016) _ 35.9 o' (13 TeV, 2016)
= T . > -
8 ,,,CMS Preliminary & 320fCMS Preliminary
oﬁ : /i, 21T _5 - /i, 2J1T
_ 5 328
I |~ a -
32.65—
o . is measured 328 E
. . : 325
quantity which the i z
sigma of the distribution 324
r : is the detector R HE- o .
resolution Xl 92822 2 c pO -1386 + 5.092
) ] L po 32.4 +0.06734 322 pt 86.42 + 0.3112
Ft - is the actual width 324 pi 0.121+ 0.02742 . p2 -1.316 + 0.004755
I 32.1
Lo g el el el sl e e il B 6 Bl v by o by b a Ly
0 1 > 3 4 324 325 326 327 328 329 33
I (GeV) o (GeV)

e Nominal Sample ', =1.322 (NNLo), Alt. width sample I',= Nomi. I".* (0.2,0.5,4)
e Only Alternate width samples for ttbar used
e Offset corrected width = 1.309 £ 0.001 (stat) &= 0.001 (cali. only) GeV
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(S tifr Summary £ 8

EXPERIMENT

m, in events with a single reconstructed top e  Top quark mass measurement has been published in JHEP
ATLAS:CMS Preliminary ey summary, 15— 713 TeV Maroh 2022 e Simultaneous measurement of top quark mass and width
LHCtopWG . . .

------- o coms s 20142 e with full Run2 data is in progress

total uncertaint; M. + total (stat + sys 5 o 1 1 1 1

ity oo S, L T W e A detailed study has been done in control region with new
ATAS et o mEABERILT i processed samples (2016 only)
ATLAS, dile_pton = 173.79 + 1.41 (0.54 + 1.30) 7TeV [3] . .
ATLAS abits i ensiig rrev e Draft Internal analysis note TOP-21-212 is ready
ATLAS, dil n H=H 172.99 + 0.85 (0.41% 0.74, 8TeV [6 .
ATLAS, ?xuejzttg i 578 o1 S e 10} il ° Addlng more data (201 7/201 8) to the StUdy

, [+jets = 172.08 + 0.91 (0.39 + 0.82) 8TeV [8] . . . .

S e iss ) ey Teelmbeim sy | @ Systematics effect will be studied with latest processed
oM, lepton Bl Ralimoesie i sample for 1 6/ 1 7/ 1 8 data by the end 2022

CMS, all jets ——— 173.49 + 1.41 (0.69 + 1.23) 7 TeV [12]

CMS, I+jets He— 172.35 £ 0.51 (0.16 + 0.48) 8 TeV [13] & x10° T

CMS, dilepton —foi—{ 172.82 +1.23 (0.19 + 1.22) 8 TeV [13] S CMS Prel/mmary

CMS, all jets e 172.32 + 0.64 (0.25 + 0.59) 8 TeV [13] = W+ ]ets 2J1T

CMS, single top H—= 172.95 + 1.22 (0.77 % 0.95) 8 TeV [14] _\,ﬂ —+-Data

CMS comb. (Sep 2015) HH 172.44 + 0.48 (0.13 + 0.47) 748 TeV [13] S — Fit.

CMS, I+jets - 172.25 + 0.63 (0.08 + 0.62) 13 TeV [15] o —t-ch

CMS, dilepton —ot— 172.33 £ 0.70 (0.14 £ 0.69) 13 TeV [16] .

CMS, all jets ! 172.34 + 0.73 (0.20 £ 0.70) 13TeV [17] — Bkg Pdf
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b quark modeling In(m)
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(@ tifl" Changes in Selection criteria for the legacy samples w.r.t previous Analysis

e Trigger use 2016 new processed sample are same but changed for 2017 legacy
samples which also lead to change the lepton p, cut

2017 Trigger Lepton p, cut on

HLT Ele35 WPTight Gsf S
el _OR_HLT Ele30_eta2pl WPTight Gsf CentralPFJet35_ EleCleaned pt 37 Gev

mu HLT IsoMu27 p, > 30 GeV

e Tagger for be tagging is changed from “CMVAv2” to “DeepCSV”

Year Discriminator cut Tagger

2016 Tight Working point (discriminator >0.7527) DeepCSV

We already shifted to

“DeepJet” Tagger for | 2017 |  Tight Working point (discriminator >0.8001) DeepCSV
latest processed samples

DHEP Review meeting Measurement of the top quark mass and width



(S tifr Distributions of the 2nd b quark from gluon that
does not participate in top quark production

% x10° _
] = 10000 |—
[ - L
> L -9 -
= m $ 90001 Gen Study
- Gen Study & L
100 — 8000 —
80— - 7000/ -
- Selected . Selected
- 000 —
s (20.4 %) S0 (52.8 %)
40— 5000 —
20— 4000 —
:||1*|||11I||| | -|11||| 3000:|||||||||||||||||||||||+|||||||||||||||||||||||||
00 50 100 150 200 250 0 0.5 1 1.5 2 25 3 35 4 4.5 5
i m

Efficiency written in the figure are calculated separately for each cut but in analysis
both condition require simultaneously which lead to more stringent cut
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Distributions of b quark from top decay
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(C tifr m, , correlation with the BDT response

0.5
BDT response
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0.5 1
BDT response
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(\C tifr Estimation of Data Driven QCD

<10° 35.9fb" (13 TeV)
> T T T
_ _ o 8 - cms ¢ D}ata 1
e QCD has large cross section but a very low selection efficiency o [ w200t — Fit _
— — Non-QCD |
% — QCD
e Require high stat. MC = computationally intensive 2 o5l ZFitunc. |
o Obtain SB in data by investing iso. (id) :
= subtract nonQCD from it = data-driven QCD template ;
0
e ML fit in signal region to estimate QCD bkg. contribution : §|ﬁ | PR wmn
08t ., . . o —_—
Wy — W W 0 50 100 150 200
F(mT )= NQCD X Q(mT )+ Nnon-QCD X VV(mT ) m; (GeV)
108 35.9fb™ (13 TeV)
e Data-driven QCD shape and postfit QCD yield mTW > 50 GeV > 018-_12,“3 ' ' b oals 4
considered for further analysis for QCD g L &3 — Fit '
; 06; —Non-QCD ]
e | 50% uncertainty |shape+rate) on the estimated QCD bkg. E o4 Si?l?nc.

propagated as systematic

Data
Fit
o ; o

n s n L P s s | n
0 50 100 150 200

DHEP Review meeting Measurement of the top quark mass using t-channel process



(@ tifr Data MC Agreement

“10? 35.9 fo” (13 TeV) <10° 35.91b" (13 TeV)
LQ T T T T T T T T T LD F T T T T T T T T T 3
S : CMs ¢ Data | S 80 [ CMS ¢ Data ]
[} + g * + _
£ 100} w5217 -t_ch. 4 2 P et 20T I t-ch.
3 ’ [, tw, s-ch. 2 60 [t tw, sch.
. L
BV +jets, VV i WV +jets, vV
sol [Jacbp ] 40 [Jaco 7
» Stat @ syst i Stat ® syst
20
0 0
oS 1.oF T T T T T T T T T ] oo 1.2F T T T T T T T T T ]
g [ 0- g y//‘/////(/////‘/////‘/////(/////ﬂ/////(///W///W/////A g Qo 1'//l/////i/////4/////1/////5/////1////‘//////%////%/// Z
o 08f é 0. 08t b
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Untagged jet |n| Untagged jet ||
-1
x10° 35.9fb" (13 TeV) «10° 359 b (13 TeV)
A _""I 'I""T""I""I""_ D T
. (aV] 40F T T T T T ]
©  eof CMS ¢ Data . =] - CMS ¢ Data
2 F ot 21T B :ch. @ L et 201T M t-ch.
o i ]t tw, s-ch. § 30 [, tw, sch.
w40 WV -+ jets, vV ] w : WV jets, W
[Jacb 1 20 [Jacb ]
o0l Stat @ syst i Stat ® syst |
L 10}
0 0 AR = /(An)? + (Ag)?
ol 1.2F T T ‘\“‘(‘/?/J‘ T T ] ol 1.2F T T T /)l Iy ]
o I R P P R L R X AR 2L L Tt 2 4/)} o F R R P P P T L L 2 2 2tk %2 /I/I)V(/&}//
Dn— 0.8', PR I{ ¢ Il PR R S SR Y é. 1 §( ] On‘ 0-8_. .(‘/I/‘/{ | 1 L I{ (ﬁ
0 1 2 3 4 5 6 0 1 2 3 4 5 6
ARy, AR,

27

DHEP Review meeting nt of the top quark mass using t-channel process



Prefit Top mass distribution
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( tifr

359" (13 Tev)
—4- Data
B ¢-ch.
]t tw, sch.
WV +jets, W |
[]acp
Stat @ syst

,y/ WWW

x10° x10?
] [ T T T T T c [ T
3 L cMs ¢ Data = | CMs
e “FE 2T B t-ch. T 2 | pont
P [ [, tw, s-ch. = E
g N WV +jets, W s
S [Jaco BDT
40 Stat @ syst
: ‘ CUT 2
20 i
0
© 5 1 LI U ¥ T E s 12F
2 9 Iiwvv«/(/wl«m/wwﬁmw(/s/«/n//w NE 1
a Ola 084
100 T50 200 250 300 350 400 100 150
(GeV)
35.9fb" (13 TeV) T
@ T . . ] i 359fb (13 TeV)
= - cms R & - T —— =
2 o02f FoJT © selecton . = 9 CcMS ¢ Data 7]
) I F, ----BDT>06 = [ & B t-ch
5 L 2 [ 2017 iele
= ----BDT >0.75 E ok [, tw, s-ch.
.% — BDT>038 ] o i BV +jets, VW
o -- BDT >0.85 ] - [JaQcb
L 4+

[ ] Normalization unc. Stat ® syst

Ratio

15F T T T T T 3 0 .
olg 15F T T ]
0.5 PRI ot o i e e J R | B R R e P e R e
100 150 200 250 300 350 40C Qla gs5te L L J
m, (GeV) 5 55

Yy

200

1.
2.

300 350 400

m, (GeV) y =In(m)

More Symmetric Distribution
Easy to to model using parametric
shapes
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Events / 0.09

Data — Fit

Charge dependent fit m,

00 s fo™ (13 TeV)
| CMs $ Data (QCD subtr.) |
F, 21T
I .t—ch.
[ ], tw, s-ch.

BV + jets, v

Events / 0.09

g ~ 3591b"(13TeV)
- CMS f Data (QCD subtr.) ]
21T ]

. t-ch. ]
[ ]t tw, s-ch. -
BV -+ jets, v _

Data — Fit

m, = 172.62 & 0.37 (stat + prof) 922
mg = 171.79 + 0.58 (stat + prof)

—0.65
+1.32

T35 (syst) GeV = 171797

(syst) GeV = 172.627 % GeV,

—0.75
1.44
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Mass linearity and calibration L*

m. hypothesis considered simultaneously for f - ch. and tt” using dedicated MC samples

35.9fb" (13 TeV)

7 % ¢ ¥ F 1
175
. CMS 2

[ Ir, 2HT dof

mg, (GeV)
=

170

165

160

| |
170 175

Fit output shows a linear behavior

CMS-PAS-TOP-19-009
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Mass calibration is done using the relationship

Amoffset - |mTrue_

10 uncertainty band is shown in the plot

Mg, vs. mg,
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https://cds.cern.ch/record/2759301

(& tifr Mass linearity and calibration L-

m. hypothesis considered simultaneously for f - ch. and tt” using dedicated MC samples

35.9 " (13 TeV) 35.9 " (13 TeV)
g 175 T ] T T T T I T T T T S\ T T T ] T T T l T T T I T T T
() Q
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<
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| 1 L L 1 ] L L 1 L Il 1 1 | 1 1 L | 1 | L
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e Mass calibration is done using the relationship
e Fit output shows a linear behavior

Amoffset - |mTrue_

10 uncertainty band is shown in the plot

Mg, vs. mg,
CMS-PAS-TOP-19-009 °
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(@ t.f Selection criteria for the legacy samples
M Table 10: Summary of event selection criteria for 2J1T region in 2016 Dataset

Selection Step Criteria for y + jets Criteria for e + jets
Trigger HLT_IsoMu24 OR HLT_IsoTkMu24 HLT Ele32_eta2pl WPTight Gsf
pr > 26 GeV, || <24 pr > 35 GeV, |n| <21
cut-based tight Id. cut-based tight Id.
Tight lepton selection e <0.06 Lo < 0.0588(0.0571) in EB (EE) (included in tight Id.)

7| < 14442 OR |5,.| > 1.566

|dyy| < 0.2cm, |d,| < 0.5 cm (included in tight Id.) | [d,| < 0.05(0.1) cm, |d,| < 0.1(0.2) cm in EB (EE)

Loose u veto

pr > 10 GeV, || < 2.4, loose Id.

Loose e veto

pr > 15 GeV, || < 2.5, veto Id.

Jet selection

pr > 40 GeV, || < 4.7, loose Id., AR(tightlepton, jet) > 0.4, no. of jets = 2

b-tagging

|7| < 2.4,/deepCSV tight WP (discriminator > 0.7527),|no. of b-tagged jets =1

Table 11: Summary of event selection criteria for 2J1T region in 2017 Dataset

Selection Step Criteria for u + jets Criteria for e + jets
Trigger HLT_IsoMu27 HLT Ele35 WPTight_Gsf OR
HLT Ele30_eta2pl WPTight Gsf CentralPFJet35 EleCleaned
Pr > 30|GeV, ] <24 pr > 37|GeV, ] <21
cut-based tight Id. cut-based tight Id.
Tlight lepton selection L <0.06 I < 0.0588(0.0571) in EB (EE) (included in tight Id.)
- 76| < 1.4442 OR |y75.| > 1.566
|dyy| <0.2cm, |d,| < 0.5 cm (included in tight Id.) |dyy| < 0.05(0.1) cm,, |d,| < 0.1(0.2) cm in EB (EE)

Loose u veto

pr > 10 GeV, || < 2.4, loose Id.

Loose e veto

pr > 15 GeV, || < 2.5, veto Id.

Jet selection

pr > 40 GeV, || < 4.7, loose Id., AR(tight lepton, jet) > 0.4, no. of jets = 2

b-tagging

|7 < 2.4,|deepCsV tight WP (discriminator > 0.8001), no. pf b-tagged jets =1 32
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m¥ > 50 GeV




Log Normal transformation

What we have proposed o> =1+ > Here

o : is measured quantity which the sigma of the distribution

r : is the detector resolution

I't : is the actual width

2\ 1 (lna:—m;,;)2
2
oz 2 2
m, = emm+ 5 0.5 _ e2mm+ax (6% _ 1)

LN(M,,

2

t’Umt

— eMln(mt) +

2

In(my)

1

\% 2"raln(mt) my

my

(11‘1 my _Mn(mt) )2

Ezxp [—

2 2
— e2Mln(mt) +Uln(mt) (eO'

2
Uln(mt)

In(mg) — ]
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(L tifr Systematic uncertainty estimation

e Signal and Bkg normalization added as nuisance parameters in the fit
e All other unc. are externalized > fit repeated with varied templates

e JES and JER unc. are evaluated according to TopJME recommendation

® JES uncertainty corresponding to different sub-category according to JME-15-001

cms.cern.ch/iCMS/analysisadmin/get?analysis=JME-15-001-pas-v8.pdf

e 2.5% uncertainty in luminosity propagated

e 4.6% uncertaintyino . . =69.2 mb propagated as unc. due to pileup
e 50% uncertainty in QCD normalization is propagated

e Top p, re-weighting applied to ttbar only

e Dedicated samples used for t-ch. and ttbar modeling unc. sources

34

e Alternate CR tune models and top mass hypothesis considered for t-ch and ttbar simultaneously

e Max. difference w.r.t nominal quoted as uncertainty for PDF+a_ and p_/y. scale variations
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Event selection TOP-19-009

1. Trigger:
M HLT IsoMu24 OR HLT IsoTkMu24
e: HLT _Ele32_eta2p1_WPTight Gsf

2. Exactly 1 lepton:

u: p; > 26 GeV, |n| < 2.4, tight ID, T_< 0.06 within AR=0.4

e: p; > 35 GeV, |n| <2.1, passes tight, EB-EE transition gap excluded,
IP cuts:
for In | = 1.479, |dxy| <0.05cmand |d,| <0.10 cm,

for In | 2 1.479, |dxy| <0.10 cmand |d,| <0.20 cm

3. Veto events with second lepton:
p.>10(15) GeV, |n| < 2.4 (2.5), loose (veto) ID, |

4. 2 AK4 PF jets with:
p; > 40 GeV, |n| < 4.7, loose ID, AR({,Jets) > 0.4 36

, < 0.2 for p ()

5. 1 b-tag jet with:
In| < 2.4 passing the CMVAvV2 tight working point

6. m.">50GeV
To rejet the QCD multijet background Object selections based on POG recommendations

DHEP Review meeting Measurement of the top quark mass using t-channel process
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Moment For Two & Three Jet

H, zwa cos(Q,)/S = 1/S(Zw +2°3w, w, P cos(Q,))

I<J

For two 13 .

H = (w “+w,? +2*w w, P (cos(Q,,))/(w,+w.,)*

or

H = {1+r° +2*r *P (cos(Q,,))}/(1+r)? Here r=w./w,

And For Three jets
H = {1+r,2+r.2 +2*r,*P (cos(Q,,))+2*r,*P (cos(Q,,))+2*r,*r,*P (cos(Q,.))}/(1+r,+r,)°

Here r,=w,/w, & r,=w./w, and Qij is the angle b/w the jetiand j

DHEP Review meeting Measurement of the top quark mass using t-channel process



(@ tifr Systematic Breakdown

Source dmys Sdmy, Smy
Statistical + profiled systematic +0.32 +0.37 +0.58
Correlation group intercalibration +0.09 =+0.07 $=0:112
ES Correlation group MPFInSitu +0.02 +0.02 +0.01
J Correlation group uncorrelated +0.39 o= = 6 11 7 +0.83
Total (quadrature sum) +0.40 +0.18 +0.84 | . . .
JER ~j001] ~j001] ~j001] e Signal and Bkg normalization added as
Unclustered energy <|0.01] <|0.01] <|0.01] . . .
Muon efficiencies <loo] <loo1] <loo1] nuisance parameters in the fit
Electron efficiencies +0.01 +0.01 +0.01
Pileup +0.14 =+0.04 +0.34 H - H
S i £l e e All other unc. are externalized > fit repeated
QCD multijet background +0.02 +0.01 +0.02 H H
Ninss caltbration to1n 1013 +020 with varied templates
Int. luminosity <|0.01]| <|0.01] 4+0.01
[ CR model and ERD +0.24 (0.017) +0.39 (0.027) +0.68 (0.048) | ° Max. difference w.r.t nominal quoted as
Gluon +0.52 +0.75 —0.03 .
Light quark (uds) —0.18 +0.18 —023 uncertainty for PDF+a_and p_/u_ scale
Flavor-dependent JES Charm +0.01 +0.08 +0.11 . s R'TF
Bottom —0.48 —0.29 —0.31 variations
Total (linear sum) —0.13 —+0.72 —0.46
b frag. Bowler—-Lund +0.03 +0.06 +0.08
. b frag. Peterson +0.14 +0.11 +0.19
biguarkchadionizatonmardel Semileptonic b hadron decays +0.18 +0.17 +0.19 s 5 GeV
Total (quadrature sum) +0.23 —0.18 +0.21 —0.18 +0.28 —0.21 | ource minclu.( e )
ISR +0.01 +0.01 <|0.01]
FSR +0.28 +0.31 +0.20 Jet Energy scale +0.40
Signal modeling pgr and pg scales +0.09 £+0:13. +0.03
PDF+ag +0.06 +0.06 +0.07 Slgnal modeling +0.30
Total (quadrature sum) +0.30 +0.34 +0.21 |
ISR +0.11 (0.008) =+0.02 (0.001) +0.22 (0.016) Color reconnection model +0.24
FSR +0.10 (0.007) -+0.14 (0.010) +0.40 (0.028)
ME-PS matching scale +0.10 (0.007) -0.10 (0.006) +0.10 (0.008)
tf modeling pur and pg scales +0.03 +0.03 +0.01 b-quark hadronization model +0.23
PDF+ag <]0.01] <]0.01] <]0.01] 018
Top quark pt reweighting —0.04 —0.08 —0.04
UE +0.07 (0.005)  =40.04 (0.003) =0.17 (0.012) Total syst. +0.69
Total (quadrature sum) +0.20 +0.18 —0.20 +0.50 -0.71
Signal shape +0.05 +0.03 +0.04
o P tt bkg. shape +0.07 +0.04 +0.05 Stat. + Rate +0.32
SIS ERET EW bkg. shape +0.03 +0.01 +0.02
Total (quadrature sum) +0.09 +0.05 +0.07 Grand total +0.76 38
Total externalized systematic +0.69 —0.71 4097 —0.65 +1.32 —1.39 -0.77

Grand total +0.76 —0.77 +1.04 —0.75 +1.44 —1.51
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& tlfl" Relation between the mass and the width from fit and Gen level

33.2

& T | * Alt. mass hypo. s 1_7:_ * Alt. mass hypo. *
. 33| % At Width hypo. i & F| * At Width hypo.
32.8[— - *
- 1.5 i While varying the
3261 - s - mass width does
N —J: L not change
2L 1 3:_§ But mass varies
32.2f- = with the width
B 1.2
32_— - *
- 1.1
31.8_— B
51 1=
31.6— C *
_llllllllllllllllllIlllllllllllllllllll —ll]llllllIlllllllllllllllllllllll
1675 168 168.5 169 169.5 170 1705 171 170 171 172 173 174 175 176
m,; kit M, kit
Measured mass and width of the mass At Gen level form ttbar dilepton final
from the fit in ttbar control region state (fit with breit wigner)
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