\S\eptember 2210727
aint-Malo, France

Experimental Summary
Abideh Jafari

Isfahan University
of Technology
IRAN

abideh.jafari@cern.ch: you know who to blame fo mistakes in this talk!


mailto:abideh.jafari@cern.ch

The happy faces already tell the summary of the workshop




The happy faces already tell the summary of the workshop

~ TI'll share my very pe'l’,sona,.l__ Summ?}.lfy e

s
e



Inspired by Frederic and remembered Cannes

L

o ;7% International Workshop on Top Quark Physics

International Advisory Committee

Werner Bernreuther, RWTH

o Tancredi Carli, CERN
Jorgen D'Hondt, VUB
Ulrich*Husemann, KIT (Chair)

™ dreas Jung, FNAL

( bio Maltoni, UCLouvain

N [ Io\hwg}}g:no, CERN
TS R eas yer, DESY

onio Ohofre, LIP
Perez, CERN
chini, INFN
leRbrock, UIUC
ty.of Michigan

Jeremy Andrea, IP
Matteo Cacciari, LPTH
Roberto Chierici, IPNL
Frédéric Déliot, CEA (Chair)
Frédéric Derue, LPNHE
Arnaud Lucotte, LPSC
Dominique Pallin, LPC
Mossadek Talby, CPPM

http://[top2014.cea.fr
top2014-1@in2p3.fr

Related topical workshop on top quark differential distributions cea
26-28 September 2014, same location =



Inspired by Frederic and remembered Cannes

®_ . 2 T g "I'@ po

International Advisory Committee
—— Werner Bernreuther, RWTH
‘ Tancredi Carli, CERN
_ Jorgen D'Hondt, VUB
Ulrich-Husemann, KIT (Chair)
Andreas Jung, FNAL
o Maltoni, UCLouvain
elo Mangano, CERN
A ﬁ £H &eyer, DESY
fgnio O\rwofre, LIP
Perez, CERN
0| Zienchini, INFN
OTEW] éibrock\?luc
Jon Wilson, University. ?fMic

#— important info for MC modeling

MadGraphsPythia =
M Herwig 3

Herwig
“reshuffling

3 5007600700800 8007000 T100 7200
A sl Paricle topjet candidate p, [GeV]

0750 ma\50200250300350:;(;0[:35:\/5]00 —_ Stl” much Softer in data

Local Organ

Jeremy Andrea, IPHC_
Matteo Cacciari, LPTHE,
Roberto Chierici, IPNL ’
Frédéric Déliot, CEA (Chair)
Frédéric Derue, LPNHE
Arnaud Lucotte, LPSC
Dominique Pallin, LPC
Mossadek Talby, CPPM

Meta-stability

Pole top mass M, in GeV

e we measure the MC mass

e we need the pole mass
124 126 128

e we need to calculate:

Higgs pole mass My in GeV

Scheme-dependent
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e every MC generator mass can can
correspond to different pole mass
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Search for ttZ and ttW

T.V. Schroeder ¢

improvements:
e lhood based b-tagging

@ inclusive vertex finder
..
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8 CAR=1.5, 200<p, <400 GeVic
<1 Fatjet IVFCSV
> Subjet IVFCSV
> FatJet CSV ()
[ Subjet CSV (')

140 < mijel) < 2 medium boost

- 3 “BTV-13-001 CA15
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M. Backovic efficiency (high mass tf)

— impressive progress moving from R&D to performance testing
— essential for searches for new phenomena

ays, and cross checked of the b-jet and Z- boson

— used across physics groups
— top group motivated ATLAS-CMS comparisons
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I Theory prediction

Bl 13.6 TeV (L<5fbT)

mom 13 TeV (L<138fb™)

w8 TeV (L<19.6fb71)
v 7 TeV (L<5fb")

mm 502 TeV (L<231nb")

°©
2

|

:
|
!
|

!
1f.8
i
1

0628el (€202) Lv8 81d

€00 (£102) £0 d3Hr
201 (2202) 20 d3Hr

(8102) 208122 L2} THd

900 (£102) O} d3HP
160 (2202) S0 d3HP

=0 siela py
&l aam

1d 01 PeRIWANS

(2202) 89-09 £09 BiieN

02) 62 Ord3

02) 10 d3HP
(€202) £0 d3HP

£20 (91.02) 60 d3HI

£00220 (€102

1 d3HP
02) 90 d3HP

252 (£102) 2L 91d
5959¢ 1 (1202) 028 1d
5959€} (1202) 028 81d
(2102) 100260 6 Atd
(£102) 100260 S6 QHd
(21.02) 100260 6 Qtd
(£102) 100260 S6 QHd
(£102) 100260 6 Atd
(2202) 0 d3HP

£10260 (1202) ¥0} QHd
02 (€202) 80 d3HM

ttee

izing commi

Local organ

rasbourng

Jérémy Andrea, IPHC 5

Stép

1ber 22 to 27
Aalo, France

ar E Paric

o BRI
Samuel Calvet, LFCA Clerr

Mi
F

o

R

-

|

olas Chanon, P21 Lyon

e 'I'Il' "

déric Déliot, CEA 5aclay, Chair

PNHE Paris

Paris

Benjarmin Fuks, LFTH!



CMS Preliminary 138 fo' (13 TeV)
~ =
~ 1o | Postfit -z - gt za2 Za8
RS . 0 e W 20-0WZ0 | 21-WZ1 [ fZ2ewZ2 23123
I ATLAS # Data Wt=2c 9 X Nonprompt Muliiboson
T 200F {5=13TeV, 140 fo" Mtt+ic Wtts=1b S 100 Xy —— Data F777 TotUn.
ok, oo i EonerTop £ E3L ttZtWZ SR
© PostFit W Non-Top [HFakes Pr2)<50GeV 50 <p(Z) <100GeV 100 <py(Z) < 180GeV  pr(Z) > 180GeV.
160~ Uncertainty E O 10° HESPe R B o il o
140F ] e )
120 10 ¢ — T T
100 & 2400F apas + Dita =
i 1 ol Vs =13 TeV, 140 fb" —MG5_aMC+P8
! ! | WES Single lepton --MG5_aMC+H7
© Stat. uncertainty
-1 JHEP 05 (2024) 042 [$) Total uncertainty
CMS 138 fb~! (13 TeV) 2
i ' K]
+ Powheg+OL+P8 tibb 4FS (s = S[ImY*, pe = Emr) - Dala g
+ Powheg+P8 tf 5FS (ups =my) Syst. + stat. unc.
4+ Powheg+H7 ti 5FS (pgr =my) Stat. unc.
«+  Sherpa+OL tibb 4FS (g = [Jmi*, pr =1 Lmy) i
+  MG5_aMG+P8 tibb 4FS (yrur = Lme)
=+ MG5_aMGC+P8 ti+jets FxFx 5FS (jime=Lmr)
. B
>5jets: >3b v * Oja=2367 +143fb SRR -
v c
1037+911b : 4 gl
26 jets: 23b, 23 light Ofa= + 4+ B B 25
26 jets: 23b, 23 1ig a S ¥ B 8o
. B o
>6jets: >4b o=201237f0 | | . - -5 1 15 2 25 ATLAS+CMS Preliminary 5 = 13 TeV, November 2023 l
Y II LHCIopWG
z s = T Aamas Aamassanas:
27jels: 24b, 23 lght, Or=1472251b 4 e £ o cus ] t o= 12075 (500) b [ 3 1942 (sclesPOR) b
I § [ " 4 tot. stat
T £ ' ce, o i (7 TeV, 491), PRL 110 (2013) 022003 o
1o 1 10 B S gl &oo.onum(8TeV, 12215, PRL 112 201) 231802 Noeo.Em NLOIQEDAEW ML
Osg [fb] abeClopye STV, 158 10 HEP 07 2029) 045
L 3 ] ' I
— T T T T T v amns,plosten’ Mo vy 6l 190
fTLAS 15=5.02 TeV, 255 pb™! |
AT ot S ] P 2 R ﬁ ATLAS, comb 139t wiHn  a7e
Measured vaue . -
= 1 e CMS, 1L/2L0S/all-had, 138 fb " +10,
CcMs Dilepton, parton level 138 fb' (13 TeV, ABMP 1.6 (5 flav.) - 3 B e 36 (#715) b 390
= 7,0/ GoV = (0.40]:m(f) /GaV < | p,(1)/ GoV < (40,120):m(i) /GaV < | p,(8)/ GoV < [120,500]: mi@)/ GoV ATLAS epnz16 . . © 5 i o TS0
3 . g5|esen w0z sz o0 se0ssol 1400300 500501 60.1500] o Data, dof =47 L ATUAS ozt - poruscat g, e os oz 2 w e somb - s 400
So | ATAS om0 L i ] ] o
5 " * STRIPPER, 72 =69 AL & z <
© b » cris - ) 2 2 ATLAS, 2LSS/aL, 140 b
= + MINNLOPS, 2° = 105 * 2 i e
i MsHT2020 -
o 1 B Stat. unc. tawoeso 2 o 2 s OMS, 2LSS/3L, 138 o' i,
b E L ’ & row gl
2 NNPDF 40 .
3 1 o F POFaLHC21 . A
0.05 i ¢ L2 T ¢ 50 TP
‘ =
] . oo G [10] I
oo 1 1 1 1 L
i f B ’ 0 15 20 25 30 35 40}
S A - - -
§|S'-2 L 2 o(tg +iq) iob] | 2 8 § s g
o i % o 4 P T S 23 i Prm——s N 89298 & -9 & 5 g &
‘FQ@VH T r!‘o, «%’8%85&3&&399“88:&8888&8.,,&00 q 88 5 28 2
0.8 o T P 5 555858~ Tn © cocigofe ¢ z I8 2 |TE &
53223888888 aarsdgTP 2 8282s2 ¢ . 8= & §= B
EEERERER T [ n §888855355588:5888%88 8 8883888 8 =838 § 88 §
83883 puypyedga8¥R2¢¥e2 8 85855 98R ¢ 2 82 5 8§85 § -
= 8 8 N s F e [ Z o > e -
EOFALHG: " boblbbooocooconaed bl & G EEEEZY 3 E Y - B & o il
I & I I I C&CEEE 04 d4 9T T T X @ T I T T I &< ] S T T i T T =) - 5
PDF4LHC21 s Sacaa] S a5 S S0 Qf oS SIS oo - 5 55 5 2w = 12} e o S o - g = m
- POEALHC
cT18 e Y Y
[ + many more measurements, searches, and interpretation
. wsHT20 ju—— ) ’
NNPDF4.0 Hee,
ATLASpdI21 ——— ° ° 'Y

.8 0.9 1.0 11 [

ttH tH twz

1t chan. W ts_chan, ftZ W




riu : Institut d &
sur les lols fondament
de I'Univers

)

§\\\, \

Thanks a lot to all for the excelleht talks!



https://indico.cern.ch/event/1368706/contributions/6011915/

Large amount
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LHC Results
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Top quarks arrived fast at the new energy frontier

| ATLAS+CMS Preliminary
LHCIopWG April 2024
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Top quarks arrived fast at the new energy frontier
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Observing top in proton-lead collisions!
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CMS 2402.08486

Providing deep tomography

Dilepton, parton level 138 fo™' (13 TeV
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POW/CMS positive slope

Example: the old top p,

* Setteled to be mostly from missing
higher order calc.

* Localizing with more granular
measurements
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i mikt) threshold Region:
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* Sensitivity to top mass O(1 GeV)

* Pathway to precise tt threshold
scans in future



Great potential to various other cool physics analyses
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Step into quantum’s shoes!
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Particle-level D

LHC Experiments observe quantum entanglement
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Reviving interest in spin correlation measurements!
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What can single top add to the game?

Inclusive cross-section [pb]
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- ATLAS 7
t-channel single-top-quark production
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t-channel for bi (tri) partite entanglement

Remarks

[ Possible to measure right now
entanglement between OAM and

% spin
[ Possible to measure right now

tripartite entanglement

[ Doing the same as previously done,

using available data
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‘ Call for new t-channel measurements ... I




;o Great potential to various other cool physics analyses
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And we faced something unexpected near the threshold
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An excess with a significant above five sigma

* Favoring pseudoscalar over scalar

* “cross section” compatible with
(inaccurate) predictions for toponium
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J Ml;lave you discovered topnium?w

i CMS: we haven't said that!

ATLAS: but you made a
discovery!
With best regards to your PC




...but more seriously

The result is a call for the community:

* Theory:
* more realistic predictions and models at the threshold
* Proposal for any complementary measurement?

* Expriment:
* Information exchange and discussion
* Does a similar analysis from ATLAS confirm the excess?
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Associated production of top quark and heavy flavors (b/c)

* Key information to understand QCD
* Background to other important processes, ttZ, ttH, BSM ...

4 200000

Examples of Feynman diagrams of electroweak
processes leading to ttbb final state:

Crucial to study in Top physics groups:
not get biased towards specific observables/phase spaces
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Associated production of top quark and heavy flavors (b/c)
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Associated production of top quark and heavy flavors (b/c)

Old CMS result in a different visible space

* To be renewed with more data and the
state-of-the-art taggers

* For future comparisons: better to start

discussions on the settings now!
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ATLAS-CMS comparison of ttbb measurements
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Observations

* Not exactly the same fiducial
phase space

* Significant impact of scale choice

* Sherpa seems to work for ATLAS
but not for CMS
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Arbitrary Units

Ratio to PP8

ATLAS-CMS comparison of ttbb measurements

Comparisons within the LHC Higgs WG
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ATLAS-CMS comparison of ttbb measurements

Common MC samples LHC top WG

(.}.8 __l I T T | I I I | T I I | T T T | T T T |__
E ATLAS+CMS Simulation Preliminary SHERTA 3
0.7 o LHCE’OPWG ‘/g =13 TeV =
0.6 Common Sherpa (ATLAS) —+— 3

E . Common Sherpa (CMS) E
0.5 — | 1 =

1/ -de/dNjs

The way to go for tt+HF
and others?

T
=]
i

CMS/ATLAS
=

o
©
A

o
]

! L L L L L L L Il L
0 2 4 6 8 10
Niuls

* Sherpa comparison
* Same MC settings, new observables
and binnings possible
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Associated production of top quarks and W boson

wW
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“ The heaviest final state now observed in both experiment
\

ATLAS+CMS Preliminary Vs = 13 TeV, November 2023
LHCIopWG

* Many channels analyzed

! oy =1207%% (scale) fb [ o, = 18.47}5 (scale+PDF) fo +—————+——

£ d“ . L[] L[] L[] .
PO 0t amtuzeraass fot. stat * Above 50 sensitivity in SS/multilep
NLO(QCD+EW) NLO(QCD+EW)+NLL' .

oy 1. (¢ st 25y1) Obs. S * Power of ML everywhere in the analyses
ATLAS, 1L/2L0S, 139 fb”! : A7 g 415
JHEP 11 (2021) 118 g 26558, Laa
ATLAS, comb., 139 fb”' i 7 s CMS Simulation (13 TeV)
JHEP 11 (2021) 118 g 2475 (4% o =G P
CMS, 1L/2L0S/all-had, 138 fo" & - o ," 2 E
i ’ ' +12 + -
PLB 844 (2023) 138076 j B LWLl 89 S 095 &1 d @
o pr
O 4 1
M ., 138 fb" : & 0.90 L
ERS, comn,, 180 19 i 1745 (+4 +3)fb 4.0 o S J =
S . c I’ pr > 25 GeV o
: 2 085 ¢ ©
Q 4 = |
ATLAS, 2LSS/3L, 140 fo” 68 748 2 Fi Electrans ?
EPJC 83 (2023) 496 i 225555(,5 50 610 'g. 0:80 K @ This analysis =
. o EPJC 80 (2020) 75 IS
CMS, 2L.SS/3L, 138 fb 44 137 423 2 o075 S
PLB 847 (2023) 138290 g 17750055 560 a = o M_u:_n_s This analysis é
o EPJC 80 (2020) 75 ]
0.70 -3 -2 -1 0 =
I 10 10 10 10
I 1 |l il I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I i 1 1 I 1 Nonprompt_lepton efficiency
20 40 60 80 100 120
Tridel

Already time to combine between ATLAS and CMS?
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¥ Direct access to top Yukawa in ttH and tH production

)%
: —d0 CMS 1381b~"' (13 TeV)
[ ATLAS . 1l 4 W i B} ‘ s T Howwnr _,.',—--m‘\ ]
“ 2;_\5:131'9\!',139“:! { : . _ gt % —:— b ]
: all + .\ & | - ttHobserved, upper limits on tH
o e F e 1 * CP-odd Higgs: no evidence!
af i ~ 5 T * All Higgs decay modes
Lb .. o e+ B : contribute to the sensitivity
Rl i 3 {
—:{2 = - '0’ 1 | I ] { o ] I
1 0 1 -1 0 1
Kt
¢ SMexpected — 88% CL exp./obs.
* Dbest fit -=+ 95% CL exp./obs.

Challenging mode (H— bb, H— multilep) benefit from Run3
In addition to new techniques and understanding backgrounds
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Top quark’s vital role in the Higgs discovery

9
s r
-~ Sure ma’am! N T
)
Have you seen any ) q

I

XHNP guy down there? -

" Oh! Thanks for N g t

popping me out ) /"; \ - ;
~._the vacuum!! = D S22
T B = |1 =2 y
\\ T " | : A

Courtesy to Fabio Maltoni

... and now in the Higgs identification



... more with four-tops
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The Higgs boson width: Now considering virtual Higgs bosons in four tops
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more with four-tops
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The Higgs boson width: Now considering virtual Higgs bosons in four tops

e e
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ttZ/ly tZ/yq tWZ/y

Sensitive to new top EWK interactions at tree level
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tZlyq tWZ/y

The associated single top production E{\ eeeog,, ©
T

B cMS Freliminany \s = 13 TeV, April 2024
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The associated single top production

tZlyq tWZ/y

ATLAS+CMS Preliminary
LHCIOpWG

Vs = 13 TeV, April 2024
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Simultaneous differential measurement of ttZ /tZq

Slightly less precise than dedicated measurements but ...

CMS Preliminary 138 fo' (13 TeV) CMS Preliminary 138 b (13 TeV)
S T T T T ] A S e e B B
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More suitable for EFT interpretation

* Consistent treatment of both process
* ttZ/tZq overlap in data and/or the systematic correlations




The photon-associated tt production

Detailed studies of photon origin: in top quark production or decays?

. a,,, =075 = 0.05(scale) = 0.01(POF) ph g o, =086°(scala) = 0.02{PDF) pb D O =098.2010(00) pb
ATLAS+CMS Prellmlnary £ PRL 131 (2023) 231301 = EPJC 80 (2020) 428 = MadGraphS_aMCENLO
LHC topWG © NNLO(QCD)+NLO(EW) : NLO(QCD+EW)+NNLL : NLOQCD
1s=13 TeV D0y, %3=0300000L)pbx3 I 0, x20=003820%(0t) pb % 20 2 0, %5=01520.08(toL) pb x5 0, =077 0.14(t0L) pb
. ; MadGraphs_ahC @ NLO é JHEP 10 (2018} 158 é MadGraphs_ahMCENLD g MadGraphS_aMC&ENLO
April 2024 I NLoQcD : NLOQeD I NLOQCD : NLOQcD
3 ATLAS, L = 1[Ofb'1. Wis 1
ty prod. 1+jets & dilepton  0-322 + 0.005 + 0.015pb x 3 : e IO
- +0.0026 - ATLAS, L =1pafb vis2
tty +tW’}' ep 0.0396 = 0.0008 _ g, P x 20 '_;'--H JHEF 09 |¢T;, 49
- — SRV H
ffy dilepton 0.175 = 0.003 = 0.006 pb x 5 : = ~49% unc. fl'lf“:‘f L.T,__-j? _;h  Vis 3
. d 05 (2022) §¢
- _ 4 -1 s
fty Ljets 0.798 + 0.007 = 0.048 pb ——to—i CMS, L= 1311, Vis 4
: JHEP 12 [2021) ¢80 preliminary
|
R T TR I SR N TN NN TN SN T AN T SR SR S M T R s |
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6
oy [PD]




The photon-associated tt production

Detailed studies of photon origin: in top quark production or decays?
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The continued topic of single-resonant processes

* Inteference/overlap of tW+V with tt+V beyond born level

Wy

* Along-lasting topic, major steps taken both from theory and experiment

* The available theory advancement are majorly used
by experiments

v Off-shell effects needed to match the experimental precision

» For tt + tW production they are available at NLOPS in POWHEG BOX RES

» New developments (bb41-dl and bb4l-sl):

What if a boson is added?
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The continued topic of single-resonant processes

Wy,
* Inteference/overlap of tW+V with tt+V beyond born level
* Along-lasting topic, major steps taken both from theory and experiment
. : . x10° 138 fb' (13 TeV)
The available theory advancement are majorly used - 0 =07
by experiments > - B NonpromptI X W tZq
% 0.2 Bl Wz+b B Xy Y4
b - VV(V) 4 Data Unc.
 Run3 data brings possible sensitivity in tails . 3,22 1b

01 NLO tWZ - MadSTR

bb41+V simulation for detailed studies

Particularly interesting for a proper tty/tWy analysis
given the unknowns that may do with the photon origin
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Data/MC




Operator Expected C;/A? (TeV ?)  Observed (TeV ?)

pper limits

95% CL U

m—| O [-2.0,1.9] [-22,21]
et L) —_—
| seter ==/ Ol [-2.0,1.9] [—22,2.0]
e o~ 001 1.0 Same-sign top - Individual limits O(lzf [7341 33] [7371 3-5]
O [-7.4,6.3] [-8.0,6.8]
1]
Operators | Expected C;/A” [TeV 2]  Observed C; /A% [TeV 2]

[-2.5,3.2] [-4.0, 4.5]

[-2.6,2.1] [-3.8,3.4]

[-1.2, 1.4] [-1.9, 2.1]

[-4.3,5.1] [-6.9, 7.6]

121EPIC 82 (2022) 374

10° 10’
A 95% CL exclusion [TeV]

EFT interpretation: an adendum of the majority of analyses nowadays, if

not direct searches
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Global EFT fits

Huge effort on both theory and experiment side

c,/ A% (TeV™)

fractional contribution fi“

L5 == S —‘saee.;a """ —oswel o Bestii ]
{.Ji | T IMPTET tli'l'l“”
MR AL TR R 1]

BH oy
vy

BZ-wv
i
BEWFPD
Wincl. jst
Wrix

The first likelihood based a wide range of analyses
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B
1
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10-3 -2 10! 10° 10!

has
95% Confidence Level Bounds (1/TeV?) B

The biggest global SMEFT fit:
50 WC(Cs, 445 data points 7
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Global EFT fits

Huge effort on both theory and experiment side

The way forward
o Processes with orthogonal signature: The way forward experimental perspective

m {ty

m single top (+ X) with forward jets Take advantage of available differential
o With modelling advances: tt + HF, tWZ, triple tops measurements, especially in top+V

o Machine learning to increase EFT sensitivity

The first likelihood based a wide range of analyses The biggest global SMEFT fit:
ee— 50 WCs, 445 data points g
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Searches with top quarks

New ATLAS result in search for same-sign tops

Same-sign top - Individual limits

ATLAS

¢ =0.01,1,4x2

Following arXiv:1802.07237
Dimension 6 operators & = ¢;/A\

Search for same-sign lepton pairs [1]

tf + jet energy asymmetry [2]

8 TeV, 2031’
13 TeV, 13910~'
13 TeV, 1391b~!
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FCNC, DM, 2HDM, cLFV...

f
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This result

# rapidity asymmetry [4]
tZ diff. cross section [5]

Search for same-sign lepton pairs [1]
11 all-hadronic boosted [3]

13 TeV, 1401 '
13 TeV, 1401’

8TeV, 20.31b"
13 TeV, 139 b’
13 TeV, 139 1b~"

———
=
S
N
—— 1/ v"ég(]f i rapidity asymmetry [4]
[ ti1Z difi. cross section [5] 13 TeV, 140 1h "
- O This result 13 TeV 1401th '
Search for same-sign lepton pairs [1] 8TeV, 20.31b~"
17 Iy t rapidity asymmetry (4] 13 TeV, 139 1b '
V& tZ diff. cross section [5) 13 TeV, 140 1b~"
—— This result 13 TeV. 14010 ~'
[1] JHEP 14 (2015) 150 [3] JHEP 04 (2023) B0 [5] JHEP 07 (2024) 163
[2] EPJC 82 (2022) 374 [4] JHEP 08 (2023} 077
1 1 1
100 101 102
A 95% CL exclusion [TeV]

with bounds on 4-fermion WC’s
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Searches with top quarks

Indirect impact of measurements where possible?

95% CL upper limiton o (pp — bg T) [pb]

10

2.3*-36%-138 b7 (13 TeV)

CMS Singlet (T bW, tH,. 1Z,,.)

| J .
g /‘ o
% L
A ¥ -
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f
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* L
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Iy /m o <5%

06 08 1 12 14 16 18

—— Observed - --- Expected

/e, =5% Upfm,=1%

— (bg)T bW by *
PLB 772 (2017) 634
(bQ)T — tZ — bag,l *
PLB 781 (2018) 574

(ba)T = tH + 1Z — baq,bb (merged-jey *

JHEP 01 (2020) 036

(bg)T — tH — blv/baqg,yy
JHEP 09 (2023) 057

(bg)T — tZ = bagg,vv
JHEP 05 (2022) 093

{bg)T — tH +1Z — bqg,bb
ArXiv: 2405.05071 (Submitted to PRD)

(bg)T combination (138 fb™ only)
This work

Bounds from current ttZ/tZq
measurements?
Maybe too weak: low Br, and low
stat. in the tails

Measurements of ttZ/tZq with boosted
Z—qq?




Inspired by Frederic and remembered Cannes

®_ . 2 T g "I'@ po

International Advisory Committee
—— Werner Bernreuther, RWTH
‘ Tancredi Carli, CERN
_ Jorgen D'Hondt, VUB
Ulrich-Husemann, KIT (Chair)
Andreas Jung, FNAL
o Maltoni, UCLouvain
elo Mangano, CERN
A ﬁ £H &eyer, DESY
fgnio O\rwofre, LIP
Perez, CERN
0| Zienchini, INFN
OTEW] éibrock\?luc
Jon Wilson, University. ?fMic

#— important info for MC modeling

MadGraphsPythia =
M Herwig 3

Herwig
“reshuffling

3 5007600700800 8007000 T100 7200
A sl Paricle topjet candidate p, [GeV]

0750 ma\50200250300350:;(;0[:35:\/5]00 —_ Stl” much Softer in data

Local Organ

Jeremy Andrea, IPHC_
Matteo Cacciari, LPTHE,
Roberto Chierici, IPNL ’
Frédéric Déliot, CEA (Chair)
Frédéric Derue, LPNHE
Arnaud Lucotte, LPSC
Dominique Pallin, LPC
Mossadek Talby, CPPM

Meta-stability

Pole top mass M, in GeV

e we measure the MC mass

e we need the pole mass
124 126 128

e we need to calculate:

Higgs pole mass My in GeV

Scheme-dependent

|

e ~0O(1 GeV)
_ ,’n?ua‘ll\ L AL/

http://top2014.cea.fr
top2014-l@in2p3.fr

e every MC generator mass can can
correspond to different pole mass

ol

e.d. pole mass
cea <l

i MANCGHRER

y - Christian - TOP 2014, Cannes

Stability ]

Search for ttZ and ttW

T.V. Schroeder ¢

improvements:
e lhood based b-tagging

@ inclusive vertex finder
..

1

. 8Tev)

8 CAR=1.5, 200<p, <400 GeVic
<1 Fatjet IVFCSV
> Subjet IVFCSV
> FatJet CSV ()
[ Subjet CSV (')

140 < mijel) < 2 medium boost

- 3 “BTV-13-001 CA15
I 0 ta I n ) 0.10.2 0.3 0.4 0. 70809 1
M. Backovic efficiency (high mass tf)

— impressive progress moving from R&D to performance testing
— essential for searches for new phenomena

ays, and cross checked of the b-jet and Z- boson

— used across physics groups
— top group motivated ATLAS-CMS comparisons

- Cl -

TOP 2014, Cannes 44 mu;“\“
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https://indico.in2p3.fr/event/10114/contributions/807/attachments/626/861/13 _CSchwanenberger.pdf



Impressive progress, advancing in all old-discussed

topics and covering many more new ones




And what happened since then ...

Jeremy Andrea Frédéric Déliot Frederic Derue* Jérémy Andrea (IPHC) ~ Frédéric Déliot (CEA-Saclay) Frédéric Derue (LPNHE)

* No photo available on Top2014 webpage



And what happened since then ...

Jeremy Andrea Frédeéric Déliot Jérémy Andrea (IPHC) Frédéric Déliot (CEA-Saclay)




And what happened since then ...

Jeremy Andrea Frédeéric Déliot Jérémy Andrea (IPHC) Frédéric Déliot (CEA-Saclay)




Samuel Calvet (LPC) Frédéric Derue (LPNHE) Benjamin Fuks (LPTHE)

TOP2024-LOC-L@IN2P3.FR

Nicolas Chanon (IP2I)  Frédéric Déliot (CEA-Saclay) IsabielleCassin (| PNHE)

LIRS T, T
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