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dn3nKa TomM-KBaApPKa

» OCHOBHble CBOMCTBa TOM-KBapKa, NPOoLEeCcChl POXXAEHUs 1 pacnaga

I3MepeHunsa Macchbl, CE4eHUN, CYLLECTBYOLME PacCorjlacoBaHUS

[Tonck O-TKJ'IOHeHI/I-I?I oT CM, HOBble 4YaCTuULbl B poXXOAEeHUN Unn pacnane
Ton-kBapka, SMEFT, FCNC

Perncrpaumnsa «3anyTaHHOCTU» B poXXAeHun napsbl tt, npossneHune
«TOMOHUYMa» |

[ToCK TEMHON MaTepun B NPoLIeccax C TOMN-KBAapKOM

JleB Jlynko
HayuHo-ucc/iefoBaTelbCKUM UHCTUTYT silepHou du3nkyu umeHu J1.B. CkobesbiisIiHaA
MOCKOBCKOT'0 roCyJapCTBeHHOT0 YHHUBepcuTeTa nMmeHu M.B. JIoMmoHOCOBa



[NaBHble 0COBEHHOCTN OU3NKK TOM-KBapKa

S ——— =

~ Ton- KBapK SIB/ISIETCS HaH60J1ee TSDKeJIbIM 6ECCprKTyprIM 06bekToM CM ¢ Maccoii
O/M3KOM K MaciTaly snekrpocsiadboro s3aumMogenctsus (M =172.52+0.33 I'aB)

~ Torn-KBapK He 00pa3yeT COCTaBHbIX aZIpOHOB, CJIE,Z[OB&TE]II:HO YMEHBIIIAeTCst OIIHOKa
M3MepeHuHr U COXpaHHETCH MH(bOpMaLus O cbyH,qameHTaJIbelx B3aMMO/IeMCTBUSIX
(CTIMHOBBIE KOPpeJILuY,.. -

~~ Cyl1iecTByeT MpakTUUeCKU eJUHCTBeHHbIM  KaHasl pacraja
TOTI-KBAapKa, YTO CYILIeCTBEHHO YTIPOIaeT UCC/Ie0BaHUS.

~~ HanpasyieHue BbleTa jenToHa OT W TTOJIHOCTBIO KOPpPeIrupyeT i : &
CO CIMHOM TOII-KBapKa. '

t > Wbh; Br(t — other) < 1073

{116 Mlml -

1 dI''  1+oacosg

I" dcos ¢ 2 :
~~ TouHOCTh BbIuKc/eHui ceyennii cocrapngeT O(5-10%), MOXXHO U3MEPUTh
rapameTp Vyp KKM Marpultibl |

~ VIMeHHO B Mporieccax poX/IeHus TOM-KBapKa MOXKHO O)KHM/[]aTh [1€PBOE TPOsIB/IEHHE
OTKJIOHEHUM OT npeackazaHnuni CM.




[lpoLiecchl pomueva Ton-KBapKa

tt napHoe T ——— T - oy DO, CDF (Tevatron)
p 8 ey f_-LTlt._:J".ll l\.,.. _». 1.96 T5B pp) | 7. I}\ . CMS, ATLAS,
poXXaeHumne HUVs = 7 l->b pp) 165 £ 67 LHCb [JHEP08(2018)174]

(Kxg) 1995 r. [ETSNGRIRITNNETTS I =

2 0 0 9 1= s-channel t-channel Vit " DO, CDF (Tevatron)
- @ @ O OO y CMS, ATLAS (LHC)

Tevatron® 1\ s = 1.96 TeV Pp) 1.04 4+ 4% 2.26 £ 5%
]-_.H( 63,72 | ‘\_ =7 TeV pp'l 46+ -:JIT 64 + —llr: 5.6+ ._"',‘ = s-channel
LHL.- \‘v =8 TeV p;r_:__.: 5.55 + 4%

LHC52 (/5 = 14 TeV pp) 12 £ 6% 243 + 4%, 75 0% |P }_b{ t ’ ji:t CMS, ATLAS (LH C)
ttH(W,Z,A) & | ' T
2

~0.1-1pb
>50

associated tW production

Ut ¢

tttW TpoiiHoe
poxaeHue
~ 2 fb, HL-LHC

E.Boos, L.Dudko “Single Top Quark Physics” Int.J.Mod.Phys.A 27 (2012) 1230026
E.Boos et.al. “Top Quark” Phys.Part.Nucl. 50 (2019) 3, 231-258, Fiz.Elem.Chast.Atom.Yadra 50 (2019)
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Tevatron comb. (1.98 TeV, <8.8 fb ) [1]
ATLAS comb., ee, nu, en, l+jets (5.02 TeV, 257 pb ') [2]
CMS comb., eu, I+jets * (5.02 TeV, 302 pb ") [3]
LHC comb., LHGapWG, en {7 TeV. 51b™) [4]
LHC comb., LHGopWG, en (8 TeV. 20 o) [4]
ATLAS, eu {13 TeV, 140 b ') [5]

CMS, eu (13 TeV, 35.9 o™ [6]

ATLAS, I+jets (13 TeV, 139 fb ) [7]

CMS, l+jets (13 TeV, 137 b} [8]

ATLAS, ep {13.6 TeV, 29157 [9]

CMS, ee, uu, eu, l+jets (13.6 TeV, 1.2 fo) [10]
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5.02 TeV CMS measurement (L < 302 pb™)
7 TeV CMS measurement (L < 5.0 fb™)

8 TeV CMS measurement (L < 19.6 fb™?)
13 TeV CMS measurement (L < 138 fb™)
13.6 TeV CMS measurement (L <1 fb™)

Theory prediction
Z . 2 CMS 95%CL limits at 7, 8 and 13 TeV
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ATLAS+CMS Preliminary
LHCIopWG o summary,Vs =5.02 TeV  April 2024
NNLO+NNLL PRL 110 (2013) 252004
------ op = 172.5 GeV, (M) = 0.11820.001
by el edyeHA NnapHoro OXXOeHUNA TOlMN-KBaAapPKOB
scale® PDF® o uncertainty G, (stat) (syst) (lumi) =
ATLAS, (ee, uy,
AlLAS (2(05263))113;; e::)j — i 65.7+ 4.5+ 1.6+ 1.2 pb
ATLAS, I+jet:
JHEP 06 (23%;?38, L =257pb' et 682+ 0.9£ 2.9 11 po
ATLAS combined , i 67.5+0.9+23+1.1pb
JHEP 06 (2023) 138, L = 257 pb
ATLAS+CMS Preliminary
CMS, I+jet: =
cusPASToP28.005°, 1, ~aozp’ O] 61.4£16+27+12pb LHCtopWG o, summary, {s =13 TeV  November 2023
oM, en reneonet1on | E e e e e o SR TT e a NNLO+NNLL PRL 110 (2013) 252004
JHEP 04 (2022) 144, L =302pb" f—e—i 60.7£5.0+28+1.1pb m“,? y 172.? 'G?V’ (XS(MZ) = 0-118:0.001 total stat
scale uncertainty
CMs bined i 3
P it L, o025 HeH 61.2+1.6£2.5+1.2pb scale ® PDF & ag uncertainty G, (stat) + (syst) + (lumi)
PDF4LHC21 J.Phys.G 49 (2022) 080501 ATLAS e
NNPDF4.0 ERJC 82 (2022) 428 =R ‘(2053) T, L. £ U 829+ 1+13+ 8pb
MSHT20 EPJC 81 (2021) 341 it
p X CT18 PRD 103 (2021) 014013 ATLAS, I+jets 830+ 0.4+36+ 14 pb
Preliminary PLB 810 (2020) 135797, L =139 fb! :
v v b b e b by int 2
20 40 60 80 100 120 ATLAS, all-jets ) b—#—{864+4.3+126+ 18 pb
Oy [Pb] o.summary, Ys=7TeV  November 2023 JHEP 01 (2021) 033, L = 36.1 fb
o ATLAS+CMS Preliminary CMS :
....... NNLO:I\;:I;LGP\F;L 11(3’I (fmg)ﬁiz%o:m e LHCtopWG o summary, /s=8TeV  November 2023 s ’7;3(‘;019) e— o 803+ 2+25+20 pb
op = 172.5 GeV, o, (M) = 0.118+0. e oy RO g
:aTe uncolfy z total stat NNLO+NNLL PRL 110 (2013) 252004 o
T T e m,,, = 172.5 GeV, a (M ) = 0.118+0.001 CMS, t+e/u 781+ 7 +62+ 20 pb
le ® PDF ® rtaint | top s : T /TbcT
0 o uncerlainty G % (stat) £ (syst) = (umi) scale uncertainty fotal stat JHEP 02 (2020) 191, L_=35.9 10" P
ATLAS, l+jets, b—Xuv — o417+ scale ® PDF @ ag uncertainty & ket 1.4 i .
ATLAS-CONF-2012-131", L =4.7fb" lesrhasly dadinh ) Syt RSy ] CMS, l+jets 4 888+ 2+26+20pb
ATLAS, l+jets, SVM o 1685 +0.7752 tgig pb ATLAS, lepton+jets . ] 2483+ 0.7+ 13.4+4.7pb JHEP 09 (2017) 051, L =22fb
PRD 108 (2023) 032014, L =4.6 b o EPJC 78 (2018) 487,L_ =20.2 b . :
™ o U2 CMS, all-jets * = 834+25+ 118+ 23 pb
ATLAS, ey, b-tag p e 182.9+3.1£4.2+3.6pb CMS, lepton-jets —o— 228.5+3.8+13.7+6.0 pb CMS-F;AS-TOP-16—O13, L =253f" I_+.-+_| - - P
EPJC 74(2014)3109, L 4510 EPJC 77 (2017)15,L =196 10" int
é;)L;:S,Z e1u, l\égts-ETL - [ 1812428737 +33pb ATLAS, 1, +jets — 239+4+28+5pb CMS, l+jets Y] 791+ 1+ 21+ 14 pb
ATLgASf Y S)Oje;)zS’ w48 PRD 95 (2017) 072003, L_ =202t PRD 104 (2021) 092013, L _ =137 b
 Thaa b———H———+———194+ 18 + 45+ 8 pb "
EPJC 73 (2(;‘13;) 2328, L =17 ! 2 CMS, Iepton+rh ; —to— 257+3+24+7 pb PDF4LHC21 J.Phys.G 49 (2022) 080501
ATLAS, all jets - L 168412017 pb :LTBL7A398(2014) 23,1 =196 NNPDF4.0 EPJG 82 (2022) 428
ATLAS-CONF-2012:031%, L, =4.7 fi ) en = 2429+1.7+55+51pb MSHT20 EPJC 81 (2021) 341
ATLAS, 7, ¢+l ‘ —ee 186+ 13+20+7 pb EPJC 74 (2014) 3109, EPJC 76 (2016) 642,
PLB 717 (2012) 89, L_=2.05 0’ Ly =20.2fo CT18 PRD 103 (2021) 014013
CMS, l+jet: . .
S e L L S ey 161.7£6.04120£36pb CMS, (ee, 1, ey1) ‘ —o— 239.0+21£11.3£6.2pb Preliminary
CcMS, ¢ o +45 i alacs e T clovc b b b b b g |
> el o 173621153 +3.8pb CMS. e ‘ 163
JHEP 08 (2016) 029, L_=5.0 fb" - » e o 2449+1.4 +6.4 pb
oMS, 1 JHEP 08 (2016) 029, L =19.7fb" ~85 P 200 400 600 800 1000 1200 1400
> Thad* —p—t—t—i{ 143+14+22+3pb : i
PRD 85 (2012) 112007, L_=22fb" LHC combined ep. (May 2022) | 243.3 +1.0 +4.2 £ 4.1 pb (o} [pb]
CMS, 1, +ets M L 152+12+32+3 pb LHCtop WG, JHEP 07 (2023) 213, tf
EPJC 73 (2013) 2386, L =39 1b" Liy=201b"
CMS, all jets b 139+10+26+3pb CMS, all jets F——t et
JHEP051(2013)065, L2351 EPJC 76 (2016) 128, =18.4fb"" 275.6 £ 6.1+ 37.8+ 7.2 pb
LHC combined (May 2?22) HH 178 + 2+ 3+3pb int
JHEP 07 (2023) 213, L =5 b PDF4LHC21 J.Phys.G 49 (2022) 080501
PDF4LHC21 J.Phys.G 49 (2022) 080501 2 NNPDF4.0 EPJC 82 (2022) 428
NNPDF4.0 EPJC 82 (2022) 428 '
] WISHT20 ‘Epics asi) asi : MSHT20 EPJC 81 (2021) 341
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[ ATLAS+CMS Preliminary
L LHCIOpWG

L Single top-quark production
April 2024

i}i

§ii

L

t-channel
| | ATLAS arXivi2310.01518, PRD90 (2014)112006, EPJC77(2017)531, arXiv:2403.02126

® CMS JHEP12(2012)035, JHEP0S(2014)090, PLBBOO (2019)135042
¢+ LHC comb. srepos2019)088

tW

B ATLAS PLB716(2012)142, JHEP01(2016) 064, JHEPO1(2018)063
® CMS PRL110(2013)022003, PRL 112(2014)231802, JHEPO7 (2023)046, CMS-PAS-TOP-23-008"
¢+ LHC comb. JHEP05(2019)088

s-channel
B ATLAS PLB756(2016)228, JHEP06(2023) 191

® CMS uHEP09 (2016)027
¢+ LHC comb. JHEP05(2019)088

NNLO MCFM, JHEP 02 (2021) 040

PDF4LHC21
scale® PDF @ o, uncertainty, mtop:1 72.5 GeV

- = = aNNLO+aN°LL JHEPO5 (2021)278
PDF4LHC21
twW: ff contribution removed
scale® PDF @ o, uncertainty, mtop:1 72.5 GeV

= = = NLO NPPS205(2010)10, CPC191(2015)74
GT10nlo, MSTW2008nlo, NNPDF2.3nlo
M= = My
scale® PDF @ o, uncertainty, n'}op=1 72.5 GeV

*Preliminary

April 2024

[ ATLAS+CMS Preliminary
C PDFA4LHC214.Phys.G 49 (2022) 080501
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o

CT18 PRD 103 (2021) 014013
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NNLO QCD JHEP 02(2021)040
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~

M= 1725 GV, =p = m,

ATLAS, L, = 255 pb", arXiv2310.01518
ATLAS, L, =4.59 f6", PRD 90 (2014) 112006
\=20.2 15", EPJC 77 (2017) 531
9.7 1", JHEP 06 (2014) 090
40 f”, arXiv:2403.02126
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Vs [TeV]

ATLAS+CMS Preliminary O meas April 2024
LHCIopWG Vil =} G e,
Ao, scale® PDF (tW) —tr—
Ac, :scale® PDF @ o, (t- and s-channel) total theo
theo” S
Myp = 172.5 GeV
+ +
t-changel: | “ If.yVipl+ (Meas)= (theo)
ATLAS 5.02 TeV (255 pb : 94+ 0.11 @ th
arXiv:2310.01518 =] '_'_' Ois2 0,11 (measd teq)
LHC Comb 7+8 TeV “(1.17-203 b . 1.02£0.04 + 0.02
JHEP 05 (2019) 088 :
CMS 13 TeV*@s.91b™) —oi— 0.984 0.07+ 0.02
PLB 800 (2019) 135042 .
CMS 13 TeV™ (35.9 1™ o 0.988+ 0.024 (stat® syst)
PLB 808 (2020) 135609
ATLAS 13 TeV “(1401v™) Fad 1.015+ 0.031 (meas® theo)
arXiv:2403.02126 :
tW: - - . E
LHC Comb 7+8 TeV "(2.05-20.3 fb™) : 1.02+0.09+ 0.04
JHEP 05 (2019) 088 '_H_H
ATLAS 13 TeV(3.2 ™) —_ i 1.14+0.24£0.04
JHEP 01 (2018) 63 ;
CMS 13 TeV(35.91™ ot 0.94+£0.07£0.04
JHEP10(2018;117 )
s-channel: :
LHC Comb 8 TeV'“'5.1-203 ) |uf 0.97+0.15+ 0.02
JHEP 05 (2019) 088
all channels: o5 :
LHC Comb 7+8 TeV "(1.17-20.3 fb™) HaH 1.02+ 0.04 + 0.02

JHEP 05 (2019) 088 : " including top-quark mass uncertainty
: 2 G e NLO (CPC 191 (2015) 74) w. CT10nlo, MSTW2008nlo, NNPDF2.3nlo (arXiv:1101.0536)
45 including beam energy uncertainty
|sz‘ and |Vm\ not fixed, unitarity enforced
s Otheo NNLO (JHEP 02 (2021) 040) w. PDFALHC21 (J. Phys. G 49 (2022) 080501)
O e NLO+NNLL (PPN 45 (2014) 71) w. MSTW2008 NNLO (EPJC ela (2009) 189)
1 1 1 1
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ttX, tX, tttt npouecchl poXxxoeHUa Ton-KBapKa

ATLAS+CMS Preliminary
LHC topWG

Vs =13 TeV I 0y s ¥3=0300501) pb x 3

MadGraph5_aMC@NLO

April 2024 8 Lo aco

Omeas. * (Stat.) = (syst.)

0.88 + 0.05 = 0.07 pb

0.87 +0.04 = 0.05 pb

0.86 = 0.04 = 0.04 pb

ttZz
0.95 + 0.05 = 0.06 pb

tHZ+twz 1.14 + 0.05 + 0.04 pb

tfy prod. i+ets & diepton 0-322 = 0.005 £ 0.015pb x 3

thy +HWy en 0.0396 = 0.0008 *5:50as Pb x 20

tfy dilepton 0.175 = 0.003  0.006 pb x 5

ty hets 0.798 x 0.007  0.048 pb

Gpy =0.75 = 0.05(scale) = 0.01(PDF) pb
PRL 131 (2023) 231901
NNLO(QCD)+NLO(EW)

+0001

Oy oy X 20 = 0.0387 350 10t pb x 20
JHEP 10 (2018) 158
NLO QCD

I oy, =0.86"2%(scale) = 0.02(PDF) pb

EPJC 80 (2020) 428
NLO(QCD+EW)+NNLL

I oy x5=0.150.03(0t) pb x 5

MadGraph5_aMC@NLO
NLO QCD

total stat.

Ogymz = 0-98 =0.10(tot) pb
MadGraph5_aMC@NLO
NLO QCD

g 0y, =077 £ 0.14(tot) pb
MadGraph5_aMC@NLO
NLO QCD

ATLAS, L =140 b
arXiv:2401.05299
CMS, L, =138.01b™"
JHEP 07 (2023) 219

ATLAS, L_=1401fb"
arXiv:2312.04450
CMS, L, =77.51b"
JHEP 03 (2020) 056

CMS, L =138 b
CMS-PAS-TOP-23-004*

ATLAS, L =140 fb™, Vis 1
arXiv:2403.09452

ATLAS, L = 139 fb™, Vis 2
JHEP 09 (2020) 049

CMS, L, =138 1™, Vis 3
JHEP 05 (2022) 091

CMS, L, =137 ib™, Vis 4
JHEP 12 (2021) 180

*preliminary
L1

1.4 1.6

ATLAS+CMS Preliminary
LHCtopWG

Ogq x 5=102"3(tot) fb x 5 Ogqx 5=945(tot) fo x 5
MadGraph5_aMC@NLO I MadGraphs_aMC@NLO
NLO QCD : NLOQGCD

o + (stat.) = (syst.)

meas. *
97+13:7fb x5
88 87 x5
688 +23 *7°fb

1156+17 +£30fb x5

0, =515755(tot) b
MadGraph5_aMC@NLO

NLO QCD

354 +54 + 95 fb x 2

Oy x5 =812 4(tot) fo x5
MadGraph5_aMC@NLO
NLO QCD

total
b

Vs = 13 TeV, April 2024
Oz x 2=136(tot.) fb x 2
MadGraph5_aMC@NLO

NLO QCD

stat.
.

ATLAS, L =139 b
JHEP 07 (2020) 124
CMS, L, =138 b
JHEP 02 (2022) 107

ATLAS, L, =139 fb™, Vis 1
PRL 131 (2023) 181901

CMS, L =361, Vis 2
PRL 121 (2018) 221801

CMS,L =1381b"

int
arXiv:2312.11668

ATLAS+CMS Preliminary

LHCIOpWG

Sy =
JHEP 02 (2018) 031
NLO(QCD+EW)

ATLAS, 1L/2LOS, 139 fb”'
JHEP 11 (2021) 118

ATLAS, comb., 139 fb™
JHEP 11 (2021) 118

CMS, 1L/2LOS/all-had, 138 o
PLB 844 (2023) 138076

CMS, comb., 138 fb™
PLB 844 (2023) 138076

=12.0"%2 (scale) fb & 6, =1

arXiv:2212.03259
NLO(QCD+EW)+NLL'

Vs = 13 TeV, November 2023

3.4 71 (scale+PDF) fb :

tot. stat.

o4 F1ot. (+ stat. £syst) Obs. Sig.

26117 (48713 fb 196

247 (+4 ") b
3612 (7 ") b

1745 (+4 +3) fb

ATLAS, 2LSS/3L, 140 fb”'
EPJC 83 (2023) 496

CMS, 2LSS/3L, 138 fb™
PLB 847 (2023) 138290

225 +6.6 (+4.7 +4.6) fo

Y -55Y43-34

+4.4 +3.7+2.3
17.7 245 (73.5 -1.9

1200




138 fb* (13 TeV)

ttH npouecchbl o g

(a) 17H (bb) t-channel +0.49 +0.24 +0.42
B . : 5 -046 -0.24 -0.39

: -1 -
ATLAS s=13 TeV, 139 fb™, mH-125 GeV +0.33 +021 +0.25

SM compatibility: 8.5% _ SL 40 933 -021 -026

(c) 1 +bb - : +0.41  +0.31 +0.26
— Total Stat. Tot. ( Stat. Syst.) 41517 (13 TeV) DL -0.42 -031 -0.29

: 250 CMS + Best fit — 68% CL :
+0.43 ,+0.22 +0.37 [ Fiducial phase space & POWHEG wees 95% CL ' +0.42 +0.25 +0.33

|+jets resolved Fed . . i =
j -0.41 1-0.21 -0.34 4 MADGRAPHS_aMC@NLO 2016 o e <

200 — : +038  +0.24
. +0.61 ,+0.45 +0.41 ; : -037 =024
I+jets boosted —o57 (042 -038 ;

1501 ! +0.34  +0.21

2018 E . g
Dilepton +0.69 (+0.40 +0.56 : S Sl

-0.65 \-0.39 - 1 00-_

. i +0.26  +0.17
Combined : 033 o O
+0.36 (+0.20 +0. SR P : 6 0.
-0.34 \-020 -0. L

Inclusive

Pre-fit impact on p: Ap A~ _ A
8 2407.10896 i = d6log,,

0= 08+A0 0=08-A0 -0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 04
TR T e
W= ottH/ gttH

Post-fit impact on p: ATLAS 138 fb™ (13 TeV
tiH i 0=08+A8 6= 8D : i

B e S LA A R e S S Vs =13 TeV, 139 fb™* T I

ATLAS s=13 TeV, 139 fb™, m =125GeV | [ e S i : tot  stat  syst

S M Com patl b | I |ty 450/0 ti+21b: NLO match. liets p;‘ €[0,120) GeV _._ : :
tE+21: NLO match. ets p!* < [120,200) GeV == H +1.93 +1.24 +1.47
{§421b fraction i : 5 iy & [0, 60[ (GeV) -177 -124 -125

=Total Stat. Tot. ( Stat. Syst.) | ; :
tf+21b: FSR
+1.04 ,+0.48 +0.92 {i+>1b: PS & hadronisation dilep : -
ﬁHG [0,120) [Ge\/] - - 0_86 _0.99 (047 —087 tF+21b: NLO match. dilep p!"  [0,120) GeV : p:_i e [60| 120[ (Gev)

i : i

ti+21b: NLO match. CR ljets
w +1.03 ,+0.71 +0.75 tW: PS & hadronisation
p"e [120,200) [GeV] H=a—+ -0.18 ', (069 075 P—

+0.90 (+0.70 +0.57 Kia1) pt! € [120, 200[ (GeV)
1'05 -0.86 \-0.68 -0.53 tE+21b: NLO match. dilep p'! € [120,200) GeV : :

ti+21b: p’” shape

JHEP 06 (2022) 097

f):e [200,300) [GeV]

-0 - 19 +0.74 +0'58 +0'45 tW: diagram subtraction

~H 3 s :
u_ . p_€[300,450) [GeV] —0.72 {055 —0.47 g p! € [200, 300[ (GeV)

ttH {iH: PS & hadronisation
AH +1.47 ,+1.06 +1.03 ti+21b: NLO match. fjets p!' € [300,450) GeV
utiH' pTe [450v°°) [G eV] +21b: NLO match. ljts p!' € [450,«) GeV/ : -
, +0.36 (+0.20 +0. e : pH € [300, [ (GeV)
Inclusive —0.34 \-0.20 j tiH: cross-section (QCD scale) ; ] T

el . tW: NLO matching

ti+light: PS & hadronisation

= x | T YT PR P
“ = GIIH/GIIH -2-15-1-05 0 05 1 15 2
fiH SM (0-6,)/10



https://arxiv.org/abs/2407.10896

I3MepeHHble XapaKTepUCTUKK TOM-KBapKa P e

tt asymmetry total istat
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statistical uncertainty total stat PR (IO TR0 L CMS, l+jets (unfolding) —e—+ 0.0010 + 0.0068 + 0.0037
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Resonances

Excited quarks

Z'—tt W—th

KK & others

pt'E" — tgtg, 1f (spin-1/2)

pt'E" = tgtg, 1f (spin-3/2)

pb’ = tW - bgd gf (LH+RH)

Bb’ = tW - bgdgq (RH)

b’ = tW - bgdgq (LH)

Bb’ = tW - bgdfv (LH+RH)

pb' = tW - bgdfv(RH)

pb’ = tW - bggfviLH)

pb’ = tW - biv gG (LH+RH)

pb’ = tW - biv gG (RH)

pb’ = tW - biv gf (LH)

= LQLQ - bvbv (scalar)

> LQLQ - tutp (scalar)

= LQLQ -ttt

[= W' = tb, 1f (RH) M, = My

» W' = th, Of, (LH)

> W' = th, 0f, (RH)

bW - th, 1 (LH, [/My=1%)

B W' tb, 1f (RH, [{My=1%]

B W' - th, 1/ (LH, [/My=10%)

B W = th, 1/ (RH. [{My=10%)

»Z' - tt ([/Mz=30%)

>Z' =t MMz =10%)

> 2 = tt ([Mz=1%)

> Stealth § —j7qq (y + jets, Mz = 0.2 TeV)
[ Z' - tT - tZtftHE = fv +jets (Mr=1.5 TeV)
W — Th/Bt (Myg = 2/2My-)

B g — gR - gWW (0f) (Mp/My,=0.5)
B Wi — RW = WWW (0f + 18

B Wi — RW = WWW (0f)

B X — aa — bbbb (M, =0.1TeV, MyN/f=8)

CMS Preliminary

36 — 138fb~1 (13TeV)

M, | B2G-22-005 — 0.7-11
M+ | B2G-22-005 — 0.7 -1.7
M, | HEP 12 (2021) 106 —s 1.4-3.1 p 13871
Mg+ | HEP 12 (2021) 106 —s 1.4-2.8 > 36!
M, | HEP 12 (2021) 106 — 1.4-2.6
My- | JHEP 04 (2022) 048 — 0.7 -3.2
My | JHEP 04 (2022) 048 — 0.7 -3.0
My | JHEP 04 (2022) 048 — 0.7 -3.0
My | B2G-21.005 — 1.2-3.1
M, | B2G-21-005 — 1.2-2.8
M+ | B2G-21-005 — 1.2-2.4 o
Mg | PRL121 241802 {2018) — 0.3-1.1 gma Cli/ll IIQSO/OICLUD’:‘)er[ImI]tS
Mg | PRL 121 241802 (2018) — 0.3-1.4 5 B ity
Mg | EPIC 78 (2018) 707 — 0.3-0.9 YF oimy =1 binko oot
My | PLB 777 (2018) 39 — 1.0-3.6 % 1 - ggoz zzgzz:zg
My | PLB 820 (2021) 136535 — e ok
My | PLB 820 (2021) 136535 —
My | HEP 05 (2024 046 —
My | HEP 05 (2024) 046 —
My | HEP 05 (2024) 046 — 2.0-2.5
My | HEP 05 (2024) 046 — 2.0-2.6
My | HEP 04 (2019) 031 —
My | JHEP 04 (2019) 031 — 0.5 -5.2
My | JHEP 04 (2019) 031 — 0.5 -3.8
M; | PRL 123 241801 (2019) — 1.0-1.7
My | EPIC 79 (2019) 208 —  2.0-2.4
My | HEP 09 (2022) 088 — 1.5-3.1
Mg, | B26-23-004 — 1.2-35
My, | PRL 1239 (2022) 021802 — 1.5-3.7
My, | PRD 106 (2022) 012002 — 1.5-3.4 +—  Simulation boundary
My | PLB 835 (2022) 137566 — 1.0-2.7
1 1 1 1 1 1 |
-1 0 1 2 3 4 5 7

Excluded mass range at 95% CL [TeV]
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[3] PLB 842 (2023) 137379 (LH)

[4] arXiv:2312.08229
April 2024 [5] EPJC 82 (2022) 334 (LH) 6] JHER 07 (017 028

[7] PRD 108 (2023) 032019 (LH) (8] CMS-PAS-TOP-17-017*
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Four-fermion operators - Individual limits Following arXiv:1802.07237
e ATLAS === CMS|Dimension 6 operators C; = C;/A\?
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Ci CMS, 4 top quarks [1] 36 b
C1or —————————————— CMS, 4 top quarks [1] 361"
Clo CMS, 4 top quarks [1] 361"
ésm CMS, 4 top quarks [1] 36 o~
loxd CMS, ti+ Z/W/H, tZq,tHq [2] 421"
o CMS, tf + Z/W/H, tZq.tHq [2] 421
o, CMS, ti+ Z/W/H, tZq,tHq [2] 421"
(o CMS, tf + Z/W/H, tZq.tHq [2] 421
Cf’e) CMS, t+ Z/W/H, tZq,tHq [2] 42"
¢ CMS, tf+ Z/W/H, tZq.tHq [2] 4211
cro —_— CMS, tF + Z/W/H, tZq,tHq [2] 221"
& -_— ATLAS, ti rapidity asymmetry [3] 139 fb~"
Qq —— ATLAS, ti + jet energy asymmetry [4] 139 fb~"
~ — ATLAS, tf rapidity asymmetry [3] 139 fb~"
& ATLAS, tf + jet energy asymmetry [4] 139 fo~!
- ATLAS, tf all-hadronic boosted [5] 139 fb~"
61 - ATLAS, tf rapidity asymmetry [3] 139 b~
tq — ATLAS, tf + jet energy asymmetry [4] 139 fb~"
— ATLAS, ti rapidity asymmetry [3] 139 fb ™"
&8 ATLAS, tf + jet energy asymmetry [4] 139 fb~'
fq — ATLAS, tf all-hadronic boosted [5] 139 fb '
— ATLAS, tf ¢ + jets boosted [6] 139 fb~!
& o ATLAS, tf rapidity asymmetry [3] 139 fb™'
tu —— ATLAS, ti + jet energy asymmetry [4] 139 fb~"
de — ATLAS, tf rapidity asymmetry [3] 139 fb~"
— ATLAS, tf rapidity asymmetry [3] 139 b~
cﬁ, — ATLAS, tf + jet energy asymmetry [4] 139 fb~"
—_— ATLAS, tf all-hadronic boosted [5] 139 fb~"
&8 — ATLAS, ti rapidity asymmetry [3] 139 fb~"
td — ATLAS, tf all-hadronic boosted [5] 139 fb '
és — ATLAS, tf rapidity asymmetry [3] 139 fo~!
Qd —_— ATLAS, tf all-hadronic boosted [5] 139 fb~'
o ATLAS, ti rapidity asymmetry [3] 139 fb~"
Qu — ATLAS, tf all-hadronic boosted [5] 139 fo!
é:;m — ATLAS, tf rapidity asymmetry [3] 139 fb~'
Cly — ATLAS, f rapidity asymmetry [3] 139 b~
fo:] — ATLAS, tf rapidity asymmetry [3] 139 fb~"'
Qq — ATLAS, tf all-hadronic boosted [5] 139 fb~"
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[TonCK TEMHOW MaTepun B POXAEHUN TPEX U YETbIPEX TOMN-KBAPKOB

g9->t Tt Wb 3-top-quarks tree NLO + 4-top-quarks: ’_" :

Process gg — tttW=b MadGraph Cross-section (fb)

Full set of diagrams in the SM 15.55 + 4.7 x 10~2

Full set of diagrams in the DM model, ex- b ne L e 1t
. 5 ' 23026210

cluding loop diagrams

diagram 442 DMS=2, QCD=2, QED=3

Full set of diagrams in the DM model, in-

23.16 -6 * 10~

Hiztogram 6,6 > t,t,T.T)

Diff, cross section [Fltl,l"lE;Elllll]
+

cluding loop diagrams
Contribution of diagrams with a DM me- e by * e
2 6.03 +1.2%1072

diator, excluding loop diagrams

Contribution of loop diagrams with a DM 0.17 4+ 5  10~4

mediator
CTtaHpapTHaa moaesb: CkansapHbii meguatop + CM
KXA anarpammbl 14 fb [MonHoe ce4veHne 23 fb
EW gnarpammel 6 fb CM 15.5fb
[MonHoe ceveHne 15.5b TemHas maTepus 7.51b :
NHTepdepeHuna -4.5fb Bknag TemHoi maTtepum B ttitWb: 33% , B tt: 0.1% Noknan o ABaeIiG

m_mediator = 400 GeV, kannuHru 1 19.02.2025


https://arxiv.org/abs/2407.08308

Pa3BuTue METOAOMOrUM aHannWsa [OaHHbiX. Hamnpumep, npaMmoi Mowuck
TM B nmpoueccax c TOH—KBapKOM B Pa3HbIX KOHEYHbIX CUrHaTypax

S ——— = = - —— - S - e T X

= MopgennpoBaHue BCex CUrHabHbIX
npoueccos .

* tX+M, tt+M * MogenupoBaHue POHOBLIX MPOLLECCOB

= dopMupoBaHme HabnogaemMblx ON4
e tt+M, tttX4+M, tttt+M Ka>XOOoWN CUTHaTYpPbI .
— « MpoBefeHne OTAENbHBLIX aHANN30B A1s
| Ka>XOoW CUTHATYPbl U UX
o ttEX+M, tttt+M | agaeﬂMHeHV'e

TpeHnpoBKa TpaHchopMepa O/ BCEX

_ CUCHATYp

® tttX + M , tttt+M [loknag, A.3a60peHKo

19.02.2025



- 3ak/iroyeHue

LHC — ¢habpuka Ton-KBapkos (20-40 MAH. COBLITUI C TOM-KBAPKOM)

Peann3oBaHa obLIMpHasa nporpamMmma n3mepeHunim B pamkax CM
(nonHblie n andepeHLumnanbHble ce4eHns, Macca, CNMHOBbIE Koppensauunuy, ... )

[lonck BO3MOXXHbIX OTKJIOHEHWI OT npeacka3saHuii CM noka He BbISBUJI
CTaTUCTUYECKUN 3HAYUMbIX HOBbIX 3P(PEKTOB

[MnaHnpyemble caenyrouime npoekTbl C BO3SMOXKHOCTbIO NCCJIeA0BaHUSA TOr-
kBapkoB: HL-LHC, FCC (ee,hh), CEPC. BO3MO>XHbI NPOEKT B PO — MIOOHHbIN
konnanaep B Kosble 21km (~15 T3B, 1901.06150, noknan A. Kucenesa 19.02)

E—l
?nil RE
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https://arxiv.org/abs/1901.06150
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