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Rare top processes status

3 it q o ot " Top Quark Production Cross Section Measurements Status: May 2021
ensitivity and precision in top quar -
measurements increased over the years =2 ATLAS Preliminary
] Theory
b 10° g Run 1,2 /s =5,7,8,13 TeV E
Former rare processes ({{+X) are now f X o v
background for new measurements and N o MG b e 27 Ty
searches 0% - EE ocisocont
! A LHC pp Vs =8 TeV ]
Approaching the fb frontier 10!k - Bl Data 202-20307
: A LHC pp Vs =13 TeV :

BEl Daia 32-1391b!

Covered in this talk:

| atest observation: {Zj

o Latest evidences: tttt, ty (CMS) _

e Searches: 10-1
- flavour-changing neutral currents :
- lepton flavour violation

tt t twW ttWw  ttZ ttH tty

t-chan fid. {+jets

tt+X covered by J. Thomas-Wilsker
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https://indico.cern.ch/event/905399/timetable/?view=standard#236-results-on-ttx-production

Measurements
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More details in A. Kong's talk

Rare top production: tttt

0000000% >

A Massive final state ~700 GeV

g ) ' Sensitive to magnitude and CP nature of top quark Yukawa coupling

| Sensitive to presence of New Physics e.g. 2HDM

0000000 —T—+—1 Small predicted o(tftf) = 12 + 2.4 fb at 13 TeV, NLO in QCD+EW (HEP 02 (2018) 031)
Various lepton (£ = e, y) multiplicity final states probed by ATLAS and CMS

t

Same-charge di-lepton pair (2€SS), multi-lepton (ML) w

small branching fraction (12%) {

lower backgrounds: 429,
t(tW, ttZ, non-prompt leptons, charge mis-identification 12 (10))

Single lepton (1£€), opposite-charge pair (2€0S)

larger branching fraction (56%) 23t (<6)) 14%

large irreducible background: >21SS (8j) 2t0S (8))
{t + additional jets
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https://link.springer.com/content/pdf/10.1007/JHEP02(2018)031.pdf
https://indico.cern.ch/event/905399/timetable/?view=standard#174-four-top-production-at-the

CMS 137 fb~' (13 TeV)

tttt 2{SS and ML o
an ) .ttt
50 - I
C H
CMS. | Full-Run 2 search: 2.60 obs. (2.70 exp.) [137 fb-1] 0. o Nonprompt lop.
= ttZ
/| (Eur. Phys. J. C (2020) 80:75) %%
\ ] 30 A Rare
EE Xy
i i 20 - Bl Charge misid.
Signal region (SR)
. . . : . 10 -
24 jets, 22 b-jets, Hpiets > 300 GeV, Ermiss > 50 GeV, Z-veto in ML channel | e |
0 . —— i)
_8 ° } | 7
Background modelling a1 e e
- _ g 01— . . .
ttZ, ttW corrections: 8 ° ) ° | N
*Njets based on dilepton tf data/MC , o0 CMS 137 6~ (13 TeV)
. . g - - - [= E BDT (post-fit)
‘heavy ﬂavourjet mUIt|pI|C|ty (aISO ttH) frOm G(ttbb) / O-(tt]j) L% ] ¢ Data Nonprompt lep. [l Charge misid.
— — _ _ 1 BN it mEE ttH . Xy
o {tZ, ttW constrained by the fit L T Rare =
Data-driven estimation of non-prompt leptons 101_’ |
Signal extraction 100
SR divided in 17 regions depending on the BDT score
: : — = 107"
Simultaneous fit of CRZ and SR(s): measured o(tttt) = 12.6%58.5 5 fb 53
. . @ 2-
D O m I n a nt u n Ce rta I ntl eS: & 1 1 /ﬂ////*////}//////‘/////‘/////‘/////’/////j/////,'/////‘/////’//////./////,‘/////‘/////}//////*////A////J/
T T Y R
additional b-jets modelling (11% impact on o({ttt)), JES (9%), JER (6%) o 555555585855 EzckEE ¢k E &
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7593-7.pdf

{itf 2SS and ML
(&) First evidence: 4.30 obs. (2.40 exp.) [139 fb-] £ of
ATLAS (Eur. Phys. J. C (2020) 80:1085) g,
Signal region i
>6 jets, 22 b-jets, Ht > 500 GeV, Z-veto in ML channel N
Background modelling B
Five control regions to normalise §°gg

*the non-prompt lepton background
the ttW background
Data-driven charge mis-identification estimation

Signal extraction
Simultaneous SR+CR fit
BDT discriminant distribution fit in SR
Measured o(tttf) = 24+76 fb (1.70 compatible with SM)
Dominant uncertainty:
modelling of ttW(=7 jets), ttW(=3 b-jets)

y-conversion in material CR

| ATLAS ¢ Data I titt _]
- {s=13TeV, 139 fb" [JttW Mtz .
[ CR Conv. I ttH []Q mis-id
— Post-Fit [ Mat. Conv. [@HF e —
B Wlowm,. [@HFp i
-Others [ttt

72 Uncertainty

ttW CR
> 200 e I A IS
0] C ATLAS +-Data I titt
9 180 {s=13Tev, 139" [tW Wtz E
> 1600 CRHW Il ttH [1Q mis-id -
c ~ Post-Fit I Mat. Conv. [ HF e ]
uq>j 140 @Llowm,. [@HFu -
- -Others [ttt .
120 72 Uncertainty ]
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https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3

tttt 1£ and 2£0S

CMS1 Partial Run-2 dataset search [35.8 fb-1]

\\ 8
g (JHEP 11 (2019) 082)

35.8fb ' (13 TeV

N

=
.
D
=
n
V
o
Z
3
|

N. =2 N. > 10, N"

] tags ] tags

Region definition
14, =27 jets or 200S (Z-veto), = 4 jets.
Always = 2 b-jets, Hriets > 500 GeV 10

3 N >10,N" >4
J tags

wwmmaule
ﬁ =S
: 0p)

Events/bin
S

-
4

X
S
"
b

Q
4

PaADAYL DA

Strategy
BDTs to reconstruct the top quarks from jet triplets
BDTs to the discriminate signal from background 5
Simultaneous fit of 1£ and 2f BDT scores DiiiSt and DiiPL fﬁ
2
Results _
o(tftf) < 48 fb 95%CL stz EGwxo @ Ceertue

Statistical uncertainty ~ systematic uncertainty
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https://link.springer.com/content/pdf/10.1007/JHEP11(2019)082.pdf

1L

tttt 1£ and 2{0S w1
——————————————i—————————————i— ————— Signal regions —-----
@ Full-Run 2 search: 1.90 obs. (1.00 exp.) [139 fb-1] " ; ; ;
ATLAS (ATLAS-CONF-2021-013) T P
3bV i Validation regions
Region definition obH P |
————————————— +----—Control regions -—-----——--————————
= 2 b-jets, (1£, = 7 jets) or (200S, Z-veto, = 5 jets) 3bL | | |
RegiOnS defined by Jet and b'jet mU|t|pI|Clt|eS 2b Backiground modei derivation rergions
Different b-tagging requirements to resolve the flavour composition 7] 8] 9) 210]
% _"|"'|".'I."'I'"I"'I"'I'_'_'IIII % _"I"'I".'I."'I"'I'"I"'I'_'_'IIII
BaCkgrOu nd (= tt"'jetS) mOde"ing (E,D’mooo_— ?Erf?ssﬁz\r/?l;sgfbx é’lt:f)flti?;ht EELC — c8510000_— ?Erf?gTzv,lmgbe 5t[f)f|tight EELC .
I " y . % i tf+jet§ uncorrected  [lltt+=1b Cnon-tt | % i tf+jet§ corrected Wtt+=1b Mnon-tt
 Flavour rescaling. Dedicated fit in 28(6) jets for 1(2)f and 22 b§ ;1> e 1 S prem -
to normalise: tt+light, ft+=21c, tt+=21b _ : _
: : : : : : : : 6000 e . 6000
* Kinematic reweighting derived in 2 b-jets region S - -
4000: 4000:
Strategy 2000: 2000:
BDTs trained in 6 different regions (3 bins in Njets X N¢ ) ; o: Lo
S £ 15
6 SRs for 1L, 4 SRs for 200S 5 1/ 7%//’//%%/’//%//%/ 5
a 8 05
Simultaneous fit of BDT Shape INn SRs and HT Shape InNn CRs 00 400 600 800 1000 1200 1400 1600 1800 2000 00 400 600 800 1000 1200 1400 1600 1800 2000
H' [GeV] H' [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-013/
http://www.apple.com/uk

tttt 12 and 2LOS, combination

(<) Full-Run 2 search: 1.90 obs. (1.00 exp.) [139 fb-]
ATLAS (ATLAS-CONF-2021-013)

EXPERIMENT

Measured o(tttt) = 26*17.15 fb
Dominant uncertainties:
tt+=1b modelling,(+8 fb), tt+=1c cross-section (+5 fb)

m I I I I I
S 10°=ATLAS Preliminary ¢ Data =
> — —
Ll - {s=13TeV, 139 fb™ signal (u=1.0) .
" 1L/2LOS . ) -
Post-Fit IIIIII 55|!;)l‘1551| (ldtfit--:;!.:gz)
10* = Background =
- 7/, Bkg. Unc. -
1035— —=
10°E —=
ey ey Ly -
@ 1.65 ... signal (u=1.0) + Bkg. | =
- 135_ — signal (u_=2.2) + Bkg. =
© L |
g e
25 2 A5 A 05

(ATL-PHYS-PUB-2021-013)

ATLAS+CMS Preliminary
LHCtopWG

. 0. =12.073% (scale) fb

" JHEP 02 (2018) 031
NLO QCD+EW

ATLAS, 2LSS/3L, 139 fb™
EPJC 80 (2020) 1085

ATLAS, 1L/2LOS, 139 fb' *

Run 2, Vs = 13 TeV, May 2021

V-

tot. stat.

o.. +=tot. (stat. £syst.) Obs. (Exp.) Sig.

ttit

2417(57°) fb

4.3 (2.4) o

ATLAS-CONF-2021-013

ATLAS, comb., 139 fb™'*

1 268" )fb 1.9(1.0)0

-13

+7 +5

ATLAS-CONF-2021-013 ] 24 (4 ;)b 47(26) 0
CMS, 2LSS/3L, 137 fb” \5.8
EPJC 80 (2020) 75 12.6 5, 1b 26(2.7) o
CMS, 1L/2LOS, 35.8 fb” +20
JHEP 11 (2019) 082 c 0 1b 00(04)0
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| I I | | I I I | I I I | I I I

0 20 40 60 80 100

Oy L1D]

Top quark rare production and decay processes | LHCP 2021 | C. A. Gottardo



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-013/
http://www.apple.com/uk
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-013/
http://www.apple.com/uk

t Z q C r'O S S S e Ctl O n m e a S u re m e nt ’1(% More details in G. Gonzalvo Rodriguez’s talk

u d
New preliminary result [138 fb-1] (cms-PAS-TOP-20-010) forward jet
| ATLAS Observation [139 fb-1] (JHEP 07 (2020) 124) -
W
Motivation 2l 4
Sensitive to WWZ, ttZ, tbW couplings, bW—tZ b
000000000C {—bfv

Selection
3¢, 1 Z candidate, 1 forward jet, 1 b-jet

S

Backgrounds
Non-prompt leptons

2b

| | <k

* MC-based shape ("embedded” Ilepton), normalised in CR
WZ+jets, ttZ

 normalised in CRs
Ob

Strategy
2j 3 4j One / NN per SR, simultaneous fit with CRs
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html
https://link.springer.com/content/pdf/10.1007/JHEP07(2020)124.pdf
https://indico.cern.ch/event/905399/timetable/?view=standard#172-recent-results-in-single-t

tZq cross section measurement

(c) Observation paper [139 fb-1]
ATLAS (JHEP 07 (2020) 124)

EXPERIMENT g [ T | 11 | I | T T 1 11 T T 1 | 11 | L | 11 | T 1] g T T 1 | 11 | T T 1 11 L 11 | 11 | 11 | 11 | 1T T4
~ - ATLAS e Data 1 3 _ ATLAS e Data ]
2 140 s—13T 1 tZq ] % 100 (= _ 1 tZq _
o B eV 139 fb’ ) tt+tW ] > s=13 TeV, 139 fb ) tt+tW
i N Z+jets - o i Z+jets |
20 shas A W
" Post-Fit . ZHWZ 80" Post-Fit . ZHWZ
100~ e ttW+ttH — i e ttW+ttH )
B <~ Uncertainty  _ i <~ Uncertainty |
L | 60 : —
e I~ - ;
60_— % | _ 7% + _
C - 4055 -
C 2 ] Lk il
VB et 4 ) — e :
20 _ii // ///¥// Z /// 20 z%ﬁéﬁi”//%//// §/ “ 7/?;
—__ i — —
0 0
S 4T ' T 9 14F T
£ 12f i a 1.2
= 10 74/%////*/////?//// ////+/////?////+/////f%/ . / = 10 74/?/////f////////////?////?////?////+/////%/// /féﬂ/
8 83— Ly |, | 8 82 I I I
—10—08—06—04—02 OO 02 04 06 08 10 10—08—06 04—02 OO 02 04 06 08 10
O O
Result
o(pp—tt+t-q)atas = 97 + 13 (stat) £ 7(syst) fb (£14%) SM prediction
Dominant uncertainties: o(pp—ttt-q)= 94.2 + 3.1 fb

non-prompt leptons (3%), JES (2%), lepton selection (2%)
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https://link.springer.com/content/pdf/10.1007/JHEP07(2020)124.pdf

tZq cross section measurement

CMS | New preliminary result [138 fb-1]
| (CMS-PAS-TOP-20-010)

7)) | | | | | | 138 fb (1 3 TeV) 138 fb (1 3 TeV) 7)) | | | 138 fb (1 3 |Tev)
[ TrTT T T T T T T T T T T T T T ] n L L B L LB BB )
"'é' 400F-CMS  Preliminary ¢ Data -th ] "é' 250 | CMS Preliminary ¢ Data -th | | = 250_ CMS Pre//m/nary ¢ I?ata -th |
S - . . [JWZ [ ]Nonprompt A S - . . ttZ WZ - > - i COtdHX _
™ 350 1Dbjet, 2-3 jets mm ttZ -ZZ/I-II3 & - ™ - 1Dbjet, >4 jets ENonprompt%t(f)X i ™ - 22bjets [ ]Nonprompt [ ]WZ i
g - ) Xy CIt®)X - g 2001 I ZZ/H [ Xy — = 2001~ [ Xy B ZZ/H 7
— 300 [C]Multiboson 77 Uncertainty — — . []Multiboson %% Uncertainty - — - [CJMultiboson 77 Uncertainty -
2 % _ (7)) - 7 7 2 - 7
T o507 E £ 150l E 2 . F7 :
[0 ] o 190 o 190 Z
® o0k - = F § > L y
2 200F | 1 2 U I :
5 150 £ E — 100 — _ 100 -
) . > _ ) - Q _
_CE) L ‘73 ] _CEJ ] -g i
100 . - —
= = 50 - > 50 .
50 i - i
0 0 e
D 1 5_ Stat. uncertainty E 3 1 5_  Stat. 'unceftainty' E 3 5E  Stat. uncertainty E
E 1;—f%ff—f-f%f-fv’;’i/’v’-'fi-'--'-v’f,’i;’;’;-f-fféf---é---f:’éj,’-:-::’férc’f'—'—;;'—:—:—*,ﬂ:—:—:—:i:—:—fe:—,i:—:é:—:—;e:—:—:—:é;:—:; E 1_41.--./,7 .......... if&?{,{§§/ ________________ f_ & 1;/ 77 /////7 /4/7/_%/_/55 /%z/ sk _/_/7;%//_ __§___{/ ///////j///?é///////{/////}_
S 0'5;_ _; o] 0.5— = - 0_5__ E
4] O__ — ' . ' ' ' ' L ' ' 2 "CE O: . . . . . . . . , 3 'ES' O: . , , , , , , . ]
0 1 -08-06-04-02 0 02 04 06 08 1 0 -1 -0.8-06-04-02 0 02 04 06 08 1 e 1708 06 0402 0 02 04 06 08 1
Event BDT discriminant Event BDT discriminant Event BDT discriminant

Result

o(pp—tt+-q)cms = 87.9 +7:57 3(stat)*’-36.0 (syst) fb (£11%)

o(t)/ o(t)=2.4+06,,4 (stat) *03 91 (syst) SM prediction

Dominant uncertainties: o(pp—ttttq)=94.2 £ 3.1 fb
tZqg modelling (3%), non-prompt leptons (2%), WZ normalisation (2%)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html

tZq differential measurement™

CMS | New preliminary result [138 fb-1]
| (CMS-PAS-TOP-20-010)

Parton & particle level, 9 variables: p1(t), pt(£), pt(f:), m(3f), AO{,L’), cos(6*pa), m(t,2), p1(j’), [N|(’)
tZq divided into generator-level bin: 4 for lepton variables, 3 for hadronic variables

tZq detector response matrix determined with simulation

Fit of NN output determines the normalisation of the generator-level bins

_ CMSIPrIeIIIm/pa(yIIIIIIIIIIIIIIIIIIII||1|38|fb|'1(l13lTel,V) et 188 T (13 TeV) R It
= B — > - . —
f 10 = Post-fit ¢ Data Nonprompt t(t)X Xy _ 8 0.06/~ cms Preliminary i Measurement - e.su. S .
2 E | i - ~ avcenLo 4rs 1 * Similar goodness-of-fit of 4FS
()] [ — V. — . ] . .
e F _ R wamcento,s;s 1 and SFS in all variables
“ 10° - 70 < p1()) < 140 GeV ;T: - -
L = detector-level & 0.04— N 4FS _ 49.7% —
g T RRRRRR RN P : .
I D = —— W 5 o / p-454% 1 e Spin asymmetry
= - = 0.03% -
- i do 1 N
‘0 0.02F- I \\\\\\\\%\\\\\\t dcos| 9501) = Oizq <2 + A, cos(9p01))
= R . S E 15%\\\;\\\4\\\;\\ IIIIIIIIIIIIIIIIIIIIIIIIIIIII _ A{ O 58 0. 16+O 15 + O 06
S 14F | Stat. uncertainty 3 = 5|0 & /17 ]
9 1.2E — = = 1 R N A e A G C LN STt .
o 1 Emgesgoge s :/’/’ff//f,’,”,’,’,/ i[;// e e e &8 St il o4 S Z § : i i ) _ _ o
S 06E q ogos- 4 compatible with SM prediction
g 0 01 04 o 01 04 10 01 04 1 0 20 40 60 80 '1'0(')'1'.2(')'1'4(')'1'6(')'1'.8(')'2'0(')'22_0 A45FS = 0437 / 0.454 + 0.005
Neural network score of tZq output node Particle level p;(j’) [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html

ty evidence

M5! First evidence: 4.40 obs. (3.00 exp.) [35.9 fb-1]

. 8
b (Phys. Rev. Lett. 121 (2019) 221802)

W\

359" (13 TeV)

1200"''l""l""I""l""l"''l""l""l""l""
C CMS ¢ Data I : Motivation: sensitive to magnetic dipole moment
1000 — X X Stat. @ syst. Zyjets 7
B Signal ( tyj) VVy 7
800 [ -thv<S_- and tW-) [l Misidentified photon - Selection: 1y, 1y, 1 b-jet, 1 forward jet
.g‘) E Y]
3 O Backgrounds
- 400 |— tty (x9 ty), Vy (%2 ty)
200 [
- Signal extraction
S BDT shape fit
S a(pp — tyj)B(t—uvb) = 115 + 17 (stat) + 30 (syst) fb
L Expected ty events 154 + 24, observed 220 + 63
8 Dominant uncertainty: JES(12%)

BDT output
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Searches
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Search for the FCNC tHq interaction

CMS/| tHq (q = u,c), production & decay, H—yy [137 fb-1]
/| (CMS-PAS-TOP-20-007)

Motivation: SM prediction B(t —Hq)~10-"°,
any excess = evidence for new physics

Signal region
2 phOtonS, 100 < myy< 180 Gev CMS Preliminary 137 fo (13 TeV) CMS Preliminary 137 fo (13 TeV)

leptonic: 21 jet, 211 A TN TR R = frovc i
i t FCNC (Hut) top + Higgs (SM)% i 5 5 t FCNC (Hut) top + Higgs (SME
hadronlc: 23 Jet, 21 b_Jet 10° Other'Higgs(SM)-y_y + jets ? 106 Other.Higgs(SM)-y_y + jets
o () +jets B+ oy ; - () +jets B+ oy
Backgrounds o, S N
e resonant: ttH, VH, VBF, ggH, bbH, tH : ]
* non-resonant: y(y)+jets, tt+y(y), V+y N
data-driven estimation 1
Strategy
8 BDTs: (u, c¢) x (lep, had) x (res, non-res bkg) I gl ©
[ categories defined by BDT score per g = u, ¢ flavour """ - Dsnmsu@yt """"" Bt un (st o gy
14 my, distributions to fit BDT-NRB (Hut) BDT-SMH (Hut)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-007/index.html

Search for the FCNC tHq interaction

CMS/| tHq (q = u,c), production & decay, H—yy [137 fb-1]
/| (CMS-PAS-TOP-20-007)

CMS Prel/m/nary 137 fb (13 TeV) CMS Prel/m/nary 137 b (13 TeV)
........................................... R L I B o e e e o o I B A
E 120_Heyy | AII Categorles ] E ’ 40— Heyy All Categories _: ReSUIts
~ - m,, =125.38 GeV S/(S+B) weighted  _ - - my, =125.38 GeV S/(S+B) weighted 7 . . .
% 100:—BF(t — Hu) = 0.031% ¢ Data —: % 120:—BF(t — Hc) = 0.051% ¢ Data — Data Compatlble Wlth absence Of Slgnal
> - — S+B model (exp.) - > — S+B model (exp.) - T
L-Ié 80+ ----- B component  — I.'Ié 100% ----- B component ] 95% CL upper IImItS'
2 +10o ] 2 o +10o —
5 -k + : w0 15" = : B(t—Hu) < 1.9x10-4 (exp. 3.1x10-4)
2 B . ] 60— ot —
5 .0 | T 302 % T : B(t—Hc) < 7.3x104 (exp. 5.1x104)
?— B + N + 7] ?— 0 + + -
g’ 201~ + — 2 20:— ' " -
dp) B ] C?) - vayn _
S — e L —— Dominant uncertainties:
23 | A é'cbrﬁpshéét's'ub{réc't'eé Zg%Bcomponentsubtracted; b-tagging, v identification
12 + + ** + _; 13' - + ‘* A‘ + punn 5
H b K pr C P
-10f Ty e 1 E o Ty T T + E
_20....|+....|....| ........ I _202_....|f...|....|....|....|....|....|...._;

Nik|hef
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-007/index.html

FCNC tHg summary

] ATLAS+CMS Preliminary 95%CL upper limits €<—@ ATLAS <—@ CMS
@ Searches with 36 fb-1 LHCtopWG [1] JHEP 05 (2019) 123 [2] JHEP 02 (2017) 079
L [3] JHEP 06 (2018) 102 [4] PLB 800 (2019) 135082 (LH only)
EXPERTMENT t—>H(yy)q JHEP 10 (2017) 129 September 2020 [5] JHEP 04 (2016) 035 [6] EPJC 76 (2016) 55
[7] JHEP 02 (2017) 028 [8] JHEP 07 (2018) 176
t—H ( ML )q Phys. Rev. D 98, 032002 Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
t H(bE ) all other processes are zero Theory predictions - SM 2HDM(FV) [Z]2HDM(FC)
—> , TT)Q JHEP 05 (2019) 123 from arXiv:1311.2028 MSSM [JJRPV RS
7 il
s SIS
Most stringent bound from t—H(bb, 17)q 700 1]
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Search for CLFV in top production and decay

CMS | té€°q interaction € = e,u, q = u,c [137 fb]

L

/| (CMS-PAS-TOP-19-006) u/c £ w/c
Motivation: CLFV suppressed in SM with massive \< }Wc
\ 4 fl
t

neutrinos. LFV underlying mechanism unknown.

Signal process g
tff'q interaction described by EFT operators such as
(Dijkl 5 _
Olq — (lﬂylj) Qv q) Signature / SR
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grouped in 3 classes:
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_ 1)
Oscatar = Ojequ Backgrounds
Otensor = Ol(eg(iu tt (90%), tW
modelled with MC events

No SM interference
q = u, c considered separately
EFT vertex in both single top production and tt decay
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Search for CLFV in top production and decay Y
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CLFV In top processes

CMS 1 té€°q interaction € = e,u, q = u,c [137 fb-] @ t€€’q interaction € = e,u, q = u,c [79.8 fb-]
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Summary
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@ First evidence: 4.30 obs. (2.40 exp.) [139 fb-1]
ATLAS (Eur. Phys. J. C (2020) 80:1085)

Full-Run 2 search: 1.90 obs. (1.00 exp.) [139 fb-1] U1g = 2.9+18 4 5
(ATLAS-CONF-2021-013)

*: normalised to total Bkg. *: normalised to total Bkg.

140 | l l l | 0 - | | | | — ()] I L I L I L L B B
Z | _ | c 80_ _-— _— - - ; . L — *(B 160_II I | T T | T T | T T | T T | T T | T T | T T | T T | I II_
| [ ATLAS +Data W i g [ ATLAS , *Data i it - g 60 ATLAS Preliminary & Data [ttt ] S - ATLAS Preliminary ¢ Data [ttt .
Z 100 ls=13TeV, 139 fb" @ Others 7~ Uncertainty L ob (s=13TeV, 139" [JHW Ouwz 3 it - (s=13TeV, 139 fb™ -ttt *  [Jti+light . i - [5=13TeV, 139 fb™ - ffti* [ ti+light i
- W VR - - BDT>0 [ ttH [1Qmis-id "4 - Signal regions [tt+=1c [tt+=1b - 140" Signal regions Ctte=ic Etis=1b 7
| Post-Fit i ~ Post-Fit EHF e W Mat. Conv. 7 501 1L,=10j,=5b [OJnon-tt 7~ Uncertainty - " - F - ]
60 _ B ] 1L,=10j,4b [C]non-tt 77 Uncertainty
100 — n EHF u Il Low m. " Post-Fit _ 120~ Post-Eit ]
- ] - [ Others [ttt ] a0l e A - .
o7 - 50— 72 Uncertainty — - - 1001 -
80/ | u ] - ] B ]
% . 40 * E 30[— - 80b i —
60 - - - - % ‘ e e 5
— . — 3 O :_ —: 2 O __ DO IOEE VIO 6 o ______ :- --------- I
40— — : -
[ ) 20 E - 40
; 2 ‘ e : 101
20— — 10 = - 20
7
/§ - O_ - . O ____________ L B e L e B L1 [ [ [
5 O = 8B & E 2 b 1 0g T 5
£ 2.25F 1 o " . : a 15 n ] L st e =
— 1 55_ /%/ 2 (\U 1W//§/ ///5/ M w / + //%/// /////%/_ ..CE 1W W/’é{///’z//’&////%/////7(////7(// g -/Z///Z‘:‘ C\U 1%’- (L /‘/”’//‘/////‘///WV/‘ /VVﬁ///Vﬁ‘WW
& 0_75%%4/ %,;_%M/// % o5 : S 05 i B ost E
O C = l | | | l - o——r—— e L = C =
0 6 7 8 9 >10 -1 08-06-04-02 0 02 04 06 08 1 017208 206 04 02 0 02 04 06 08 1
Number of jets BDT Score

Number ofJets BDT Score

Top quark rare production and decay processes | LHCP 2021 | C. A. Gottardo NiBI\ ef


https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-013/
http://www.apple.com/uk

tZq differential

CMS | New preliminary result [138 fb-1]
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tZq differential

' New preliminary result [138 fb-1]
| (CMS-PAS-TOP-20-010)
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