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Introduction

e Standard model (SM) has been very successful at explaining experimental data

e Some unanswered questions

> Nature of dark matter, matter-antimatter asymmetry, origin of flavor, neutrino mass, etc.

» Some hints from SM deviations in the flavor sector

e \Why rare top quark processes?

» Large integrated luminosity proton-proton collision data collected by ATLAS and CMS
» Certain physics in top sector is relatively less explored (ex. top CP property)

> Various beyond SM theories (BSM) have predictions (ex. top flavor-changing neutral currents)

e (Covered in this talk

» Search for top flavor-changing neutral currents (top FCNC)
» Search for top charged lepton flavor violation (top CLFV)
» Search for top CP violation (top CPV)
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Top FCNC



Flavor-changing neutral currents (FCNCs)

e FCNCsin SM

» Forbidden at tree-level

>

Heavily suppressed due to GIM mechanism
BF({t—Hu) ~ 6(10-17) and BF(t—Hc) ~ 6(10-15)

- Well below LHC sensitivity!

» Any observation of FCNCs would be an unambiguous sign of new physics!

e FCNCs in BSM

>

CKM 2021: Rare top decays (FCNC,CPV) at ATLAS and CMS

In general, lead to enhanced t—gM FCNC interactions

Mely, g, Z H}, qe{u,c}

v/ Z

SM QS 2HDM  FC 2HDM MSSM R SUSY
t—>uZ 8x10717 1.1x1074 — — 2x107% 3 x107°
t—uy 3.7x10716 7.5x107° — — 2x107% 1 x10°6
t—sug 3.7x107% 15x1077 — — 8x107° 2x1074
t>uH 2x107Y7 41x107® 5.5x107° — 10~° ~ 1076
t—scZ 1x107% 11x10% ~1077 ~10710  2x107% 3x10°°
t—cy 46x107% 75x107° ~107°F ~107% 2x107% 1x10°6
t—cg 46x10712 15x1077 ~1074 ~107% 8x107° 2x1074
t—>cH 3x1071% 41x10° 15x103 ~107° 10~° ~ 1076

Aguilar-Saavedra, ACTA Phys. Pol. B 35(2004) 3

u/c




Search for the FCNC tHq H—vyy - rp—

g t
e Search for t—Hqg (g=u, c), H—=yy
N
N
® Single top production (ST) and top decay (TT) u(c) H > Y
e Signal regions: 2 photons, 100<M,y<180 GeV v
> leptonic: > 1 jet, = 1 lepton
> hadronic: > 3 jet, > 1 b-jet Single top production top-quark pair decay
¢ Backgrounds
L 137 10 (18 TeV) L 137 fb” (13 TeV)
» resonant: ttH, ggH, VH, VBF, tH, bbH 210° | # pwa  [Jironci—Hy 210° . ¢ b [ ronc ¢~ Hy)
5107 [JtFeNe (t — Hu) top+.H(SM) 5107 [JtFeNe (t — Hu) top+.H(SM)
> non-resonant: yy+jets, (y)+jets, tt+y(y), V+y 810 Wi — g 10° o e
10°E tt+y tt + jets 10° tt+y tt + jets

V+y Other : V+y Other

e Strategy
» 8 BDTs: {u, c}®{had, lep}®{res, non-res bkg}

» 7 categories defined by BDT scores

> 14 m,y distributions to fit N | | R R )
gl . Lo g * e e . Slo L . F— * .
S 1®e e e 000 g0 go- ® : ; ZS e e o o o e @ gl . .
0.5 [ ] Stat. unc. [ ] Stat. @ syst. unc. . i 0.5 [ ]Stat. unc. [ ] Stat. @ syst. unc. . |
% i 5 3 7 5 % 05 1 15 2 25 3 35
BDT-nonres (t — Hu) BDT-res (t — Hu)

BDTs meant for suppressing non-resonant BG (left) and resonant BG (right)
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Search for the FCNC tHg H— vy

CMS

CMS-TOP-20-007
137 fb,

13 TeV

e Signal modeling oS e BT 7 (13 TeV)
2 1290 H-yy E
£ = Z tKHqt (FHqPL -+ FHqPR) qH + h. C. g 100; Lgi:model -
q=uc % sogdl e B component {
g: Weak coupling constant |Flqu|2 + |F11}q|2 =1 E 6ol Ei‘; ,
Krqt: Effective coupling constant 2 wf -
o [
. . . L 5 201
e Dominant systematic uncertainties: 5 L
. . . . 40 T
b'tagglng and v Identlflcatlon ol + + Background componentsubtraoted |
. . . OMrWWWw@WHM
e Data compatible with absence of signal ol T t i
— : Q00 10 J20 130 40 150 160 170 180
e Upper limits on the signal cross m,, (GeV)
sections are translated to the strength t—Hu
of the tgH anomalous couplings and _oems_ 187#7(13Tev)
. . 9\.0/ - 95% CL upper limits: B(t — Hu)
related branching fractions 5 Observed
:1F 1? ....... Expected -]
e 95% CL upper limits: e [ Py
m
» B(t—Hu) < 0.019 % (exp. 0.031%)
» B(t—Hc) < 0.073 % (exp. 0.051%) 107 :
The most stringent limits to date —
10—2 | | | | 7 | |

in tHg FCNC searches
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Search for the FCNC tHg H—bb M . 2.0

e Search fort—Hq (g=u, c), H—bb

e Single top production (ST) and top decay (TT) ,

e Signal regions: 1 lepton, = 3 jets, = 2 b-jets ulc v b
b

e A deep neural network is used to associate
the reconstructed objects to the generator-level final state

e BDTs are used to distinguish the signal from the background events

CMS Preliminary 101 fb at \E 13 TeV CMS Preliminary 101 fb at \E 13 TeV CMS Preliminary 101 fb at \E 13 TeV
£20000F T T L _g L L B B B B T ] _g L R B A T 3
g 18000 - - lttbb Ettcc Wttif Other Bkg 3 > 70000 [ QEttbb Ettcc Ettif Other Bkg =] ~ 5000 [~ litbb Eticc Pttif Other Bkg -]
= - [JHect < Data “~Unc. . 3 € - [JHect < Data Z~Unc. . 4 € - [JHet < Data Z~ Unc. . ]
§ 16000 O & b3j3 - §eoooo — O 7 b3j4 - § B U 7 b4j4 ]
I = = (I = = w4000 — =

14000 £ = 50000 — - .
12000 A E = E 3000 |- -
10000 - ik 2] = 40000 &7 3 - .
C o8 - ] C ]
- 3 30000 r 5
o e ] ] 2000 [~ -
6000 |- il = 20000 - - .
4000 £~ E . 1000 g —
2000 Exccco [N o .. ... > 10000 _E

0 0 0
o 1 2 : T[T T[T T rrr[rrryprr |: O 12 : LA L L L L Y L LB L |: O 1 4 C —]
> E = S E = S Z_ :
5 R 5 _ z / ////%%////
S 1%//// BN 2 a4 1%///// 7 /4 ////‘ a 1// ]
09 F = 0.9 F - 0.8 7
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Search for the FCNC tHq H—bb M W

137 b (13 TeV)
T E

CMS Preliminary
F T

. . . . a T T T
e All bjet-jet categories are combined S b oL Hut
» The b3j4 category has the highest sensitivity for both Hut and Hct couplings 10°F comarved E
® No significant excess with respect to the SM background expectations 1ok _
e 95% CL upper limits: g __ . )
>  B(t—Hu) < 0.079 % (exp. 0.11%) E —
107 E
» B(t—Hc) < 0.094 % (exp. 0.086 %) ]
b2j3 b2j4 b3j3 b3j4 b4 all
® Significant improvement with respect to the early run-2 search (JHEP 06 (2018) 102)
> Full Run 2 luminosity
» Advanced multivariate analysis techniques to perform the event reconstruction
0.05 EMS Preliminary 137 o' (13 TeV) CMS Preliminary 137 b (13 TeV)
/a . T T T T | T T T T T T T T | T T T T | T T T T | "5 _I T T | T T T | T T T T T T | T T T | T T T | T T T | I_
3\/ = 95% CL upper limits - MI 0.14— 95% CL upper limits —
o L - - - - Expected - B - - - - Expected ]
I n Expected = 1 std. dev. | B Expected = 1 std. dev. 7
0.2— Expected + 2 std. dev. _| 0.12 — Expected = 2 std. dev. |
0 i —— Observed ] el —— Observed i
m ) 0.1F -
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0.05 - ] kY -
- o . 0.02 :— “‘ —:
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Search for the FCNC tHq interaction [ ... ..,

EXPERIMENT

S 3000—ATLAs | —e— Data 3
4T 2 [Vs=13TeV, 36.1 o -ETVYEHCt 1
e Search for t—=Hq (g=u, c) FCNC decays in tt events kbR searcn 3l
W r4),3b I ti+=1b -
C Post-Fit [ Non-tt
2000 v Total Pred unc. n

e H—bb
e Single lepton, > 4 jets (2 b-tagged)
e Backgrounds: tt + HF/LF

e Data-driven estimate for non prompt leptons

e FEvent classification on the jet (4, 5, = 6) and b-tagged jet (2, 3, = 4)

%//Q///7/-@//#@//-///@-////y@/ﬂ/f-/@//ﬁ//@ﬁ%@/////@%%
0.75 £ 3

e |ikelihood-based discriminant 05 E

Data / Pred

0O 01 02 03 04 05 06 07 08 0.9 1
LH discriminant

\\‘\\\‘\\\
e H-otT C ATLAS —+-Data

S s ana e
e Single lepton (tlep, Thad), di-tau (thad, thad), = 3 jets (1 b-tagged) § 103%1'%%23:?:;‘;“ E%%. )
* Backgrounds: fakes (tt), Z—Tt ) 7 Total Pred unc ,,
e Data-driven estimate for fake thad : ) f
e Event classification on the jet multiplicity (3], = 4)) 10;_ %

e BDT discriminant

f//%////%/@//%////%/// S ////%// % % %%

1 —08—06—04—02 0 02 04 06 08 1
BDT discriminant

Data / Pred

O%\Q 7"& m
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p) JHEP 05 (2019) 123

Search for the FCNC tHq interaction  F% ... 15

EXPERIMENT

e Results are combined with
> H—yy [JHEP 10 (2017) 129]
» H--WW?*, 1T, ZZ* (2IvSS, 3l) [Phys. Rev. D 98 032002]

AR I L I AR | I I | 2 U L IR I
H—bb [~ -| — — -| —
H—tt (TiepThad’ ThadThad) | | i o B | i o
. . : ATLAS ATLAS
H—=WW't7,22" erss.ae) = [ | (s =13 TeV, 36.1 tb" | B l (s =13 TeV, 36.1 fb" |
'; B(t— Hc) = 0 : B(t > Hu) =0
H—yy — i — - i |
' — Observed ' — Observed
; 2= Expected + 10 ; w5 Expected = 10
Combined — i ---Expected + 20 _ . ---Expected = 20 —
EI bl bl e b IX1078 : el bl e e X107
o 1. 2 3 4 5 6 7 8 9 10 o 1.2 3 4 5 6 7 8 9 10
95% CL limit on &(t — Hu) 95% CL limiton &(t - Hc)

e No significant excess of events above the background expectation is found

» 95% CL limits on B(t—Hu) < 0.11 % (exp. 0.083%)
» 95% CL limits on B(t—Hc) < 0.12 % (exp. 0.083%)
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Search for the FCNC tyq interaction B . 2wy

EXPERIMENT

e Search for t—yq (g=u, c)

e Single top production (ST) and top decay (TT)

e Right-handed (RH) and left-handed (LH)

e Signal regions: exactly 1 photon, 1 e/y, 1 b-jet, no further jet

e Background
» Electrons / hadrons misidentified as photons — estimated from data
» W/Z +y +jets = estimated from MC in control regions

e NN is adopted to differentiate signal from background events

e Normalizations are extracted from a simultaneous binned likelihood fit

> TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT
E _| TTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT /I I TTTT I TTTT I TTT |_ E TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT /I I TTTT I TTTT I TTTT w | 7 . B
S [ amas #Daa 7 Uncertainty S 10E aTias Cepda Unceramy O L ATAS e 3 7, reerainy|
5 10°F t\E=1L3HTeV, 81" Signal (x10) [l W+y+jets = |5 - t‘@ﬂfHTeV’ 811” _ Signal (x10) [l W+v+jets ] % - tuy_ LH ’ [ Werjets We—y fake 3
> = tuy, = > 6|  tuy, _ = C ’ ; ; ]
t T SR .e—>y fake D2+y+jets 7] w 10 = CR W4y +jet .e—>y fake DZ+Y+jetS E § [ CRZ+y D2+y+jets Dj—>y fake i
10° __ Post-Fit Dj—>y fake . Other prompt y__ " Post-Fit Dj_w fake . Other prompt v w 105k Post-Fit .Other prompt y -
= = 10° = —e 3
10° = 10 3 10* = ¢ =
_ 103 B 4._|_._,_._:
10? 10° 3
10° .
10
. . -o
5 3 1.025 ¢ /
91.125 ©1.075 T 7 7 % %
(a8 i . 7, . " / o P P P , P , & 7, / "//////////%/ . % % / Z
= 1 BorssMssssssssss Rges55455 ///%/ %%/%% S W77 i W%%%g////////%’// © ! / %/ ///i/ //'/j/ //Z/
50.875 §0.925 " §0.975
e S 0.95 IS P 0 VS
0750701 02 03 04 05 06 07 08 09 1 085 =01 02 03 04 05 06 07 08 09 1 20 30 40 50 60 70 80 90 100 110 120

Y
NN output NN output Py [GeV]
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Search for the FCNC tyq interaction Fs¥ . . s+

EXPERIMENT

® The data are consistent with the background only hypothesis
e 95% CL upper limits are set on the strength of effective operators,

cross-section of single top production, and branching fraction

The most stringent limits to date in tgy FCNC searches

Observable Vertex Coupling Obs. Exp.

c* + tuy LH 0.19 0.227)
cty) +clb tuy RH 027 0.2740
cSy +CE tcy LH 052 057700
cY + Y tcy RH 048 0.59%) 02
o(pp — ty) [fb]  tuy LH 36 527
o(pp — ty) [fb]  tuy RH 78 750
o(pp = ty) [fb]  tcy LH 40 4977
o(pp — ty) [fb]  tcy RH 33 2
B(t — qy)[10™]  tuy LH 28 4.0°°9
Bt — qy)[107°]  tuy RH 6.1 597
Bt — qy)[1075]  tcy LH 22 271
Bt — qy)[1075]  tey RH 18 287
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p) ATLAS-CONF-2021-049

Search for the FCNC tZq interaction Fe¥ ..o 13

EXPERIMENT

e Search fort—Zq (q=u, c), Z—12¢ 4 e 7 g
e Single top production (ST) and top decay (TT) -
e (Consider right-handed (RH) and left-handed (LH)
e Signal regions: 3 leptons, = 1 jets (with exactly 1 b-jet)
» SR1: targeting TT
» SR2: targeting ST

— orthogonality is ensured by using a mass cut on MiopFcne)

e (Gradient BDTs are adopted to distinguish signal from background events

w FT T 1 | LI | LI L | LI L | LI | LI | LI | LI : C\! _ | | TT | LI | LI | LI | LI | LI | LI | TT I_
o 140 ATLAS Preliminary ¢ Data — e 220:_ A LAS Preliminary ¢ Data B
@ [ Vs=13TeV, 139 fb" Wtiz+#twz | VV+LF £ 200F (s=13TeV, 139" Wttz#tWZ | VV+LF
S 100l SR1 W+HF  EtZ - 2 goF SR2 V+HF  EItZ E
0 - D,>-0.6 B Fake lep. [ Other bkg. 7 t C D >-0.7 or D; >-0.4 [ Fake lep. [ Other bkg. 1
100k Post-Fit 7/ Bkg. uncertainty B 160 POSt Fit 77 Bkg. uncertainty =

- --- FCNC (u)tZ x 50 . 1403_ - FCNC (u)tZ x 50 e

[ — FCNC t{(u2) x 50 ] - — FCNC t(uZ) x 50 .

80 - 120F =

- - 1001 E

60 ] C ]

i 80— =

40 . 60 =

- 40F =

20 7 - .

i 20 -

g g Or z
D 125 j } /i o 125 } } 3
g W/////// /4%% %V Jﬁ/// // g By /g/////%// s AR
()] ]

e 0.75 0.75F —
O'—%.G 0.4 02 04 06 08 _1 051 0806-04-02 0 02 04 06 08 _1

D1 DU
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p) ATLAS-CONF-2021-049

Search for the FCNC tZq interaction Fe¥ ..o 13

EXPERIMENT

e All SRs are combined
e For FCNC tZu vertex, SR2 has a higher contribution to the combined limits
e No evidence of a signal is found
e The results improved by a factor of 3 (2) compared to previous results (JHEP 07 (2018) 176)

» Inclusion of FCNC single top production

» Usage of multivariate analysis Observable Vertex Coupling Observed Expected
» Higher integrated luminosity SRI+CRs
o B(t — Zq) [107°] tZu LH 9.7 8.615
* 95% CL upper limits B(t — Zg) [107°) tZu RH 9.5 8.273 4
SR2+CRs
B(t — Zq) [107°] tZu LH 7.8 6.1777
B(t — Zq) [1077°] tZu RH 9.0 6.617%
SRs+CRs
B(t — Zq) [1077] tZu LH 6.2 4.917,
B(t — Zq) [107°] tZu RH 6.6 5.1175
. . . —5 +5
The most stringent limits to date B(t— Zq) [10_ ] 1z LH 13 Mo
B(t — Zq) [107°] tZc RH 12 1073
in tZgq FCNC searches ICD* and |09 tZu LH 0.15 0137553
IC®)) and |8V tZu RH 0.16  0.147503
|Cff3)*\ d |Cc3)| tZc LH 022  0.207393
32| and |C<32)| tZc RH 021  0.197953
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Top FCNC Summary

e Search for FCNC is performed in various channels

¢ Starting probing models predicting highest branching fractions

e et ATLAS+CMS Preliminary 95%CL upper limits €<~@ ATLAS <—@ CMS
’ LHCtopWG [1] JHEP 05 (2019) 123 [2] JHEP 02 (2017) 079
@ [3] JHEP 06 (2018) 102 [4] PLB 800 (2019) 135082 (LH only)
i ATLAS September 2020 [5] JHEP 04 (2016) 035 [6] EPJC 76 (2016) 55
) CXFESIMENT [7] JHEP 02 (2017) 028 [8] JHEP 07 (2018) 176
§ CMS Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
; all other processes are zero Theory predictions —SM 2HDM(FV) [ 2HDM(FC)
(O CMS-PAS-TOP-20-007 from arXiv:1311.2028 [CJMSSM[T]RPV EIRS
[1]
t—)HU 3]
‘.IIIZI:Z::I:I:IIZIZII:IZI:IIZIZZI::::IIZZI:::::::II:::::::::::::::::::::::::::::::::::::::::::::::::::::‘ [4]
t—>yc 5]
6 ‘ ) (4]
ATLAS t—yu 5]
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [6]
t—gc 7]
[6]
t—qgu ]
""""""""""""""""""""""""""""""""""""""""""""""""""""" 8]
p) t—)ZC 9]
TLAS [8]
EXPERIMENT t%zu 10
....................................................................................................... I 1 I 1 I 1 I I I 1 I | I 1 I 1 l 1 l I 1 1 l | 1 I 1 I l[ ]
-16 -13 -10 ~7 —4 —1
10 10 10 10 10 10

Branching ratio
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Charged lepton flavor violation (CLFV)

e |nthe SM, lepton flavor is conserved in all interactions
e The neutrino mass terms predict CLFV at loop level

— highly suppressed due to the tiny values of neutrino masses
e Many new physics models predict sizable CLFV

ex. neutrino mass models, multi-Higgs doublet models, etc.

e |f the new physics responsible for the CLFV is at scales beyond what

the LHC can directly probe, the SM Lagrangian can be extended by

dimension-6 operators

Cy (3)ijkl y
__ — gEE — N Y G P L
L = LSM + ‘Ceff = LSM + Z on +... Olq y = (f 1])(qk')’ Tq)),
1)ij = _
i Ol(q)zj = ") (@ qy),
of = @) @er'uy),
¢ CLFV interaction types oifk’ B (él o ; \(@era)
i i i i —_— i ; k 1)7
e Vector: 0], O}, O, 04 zejczlcz o
. A (Dijkl O = (ei')/yej)(uk')’ﬂul)f
e Scalar: O, oWik  _ i _
. QWK equ = (Ligj) € (quy),
e Tensor: O, OBkl _ v
lequ _ ( ia e]) € (quﬂvul)’
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Search for the ey LFV interactions e 5 TaV

e Search for CLFV in ep final state
e Signal: CLFV vector, scalar and tensor
e BDT is used to discriminate signal from BG events

e Dominant systematic uncertainties:

b-tagging and jet energy scale & resolution

e Data consistent with SM expectation

. . -1
> Bscaart=epu(c)) < 0.07 (0.89) x 10-6 _ . CMS Preliminary 1371 (13 TeV)
= = ¢ Data Others 3
5 ﬁ - eu-1b tw . .
» Buector(t—epu(c)) < 0.135 (1.3) x 10 € 0 CiSat o syt — LPV-Vestr (o) « 10 -
> - .
» Biensor(t—epu(c)) < 0.25 (2.59) x 10-6 W e -
CMS Preliminary 137 fb’ (13 TeV) " §_ _§
q% 1.4F 95%-CL:-EXCLUDED REGION— 103;_ _;
= - obs. | Exp | cLFv [ = =
T —_—] e | Vector [] ~ .
SQ — | e | Scalar [l 10° - =
T b e — | s | Tensor ] = -
o 7 . . ~ ]
................................................................... - The most restrictive T

I _: bound to date! 8 10 ........ f'! .......... TSSO OSSO T ] IS SO RSO

- ’ o nnt oA

..................................... = -.\(E 1 \\..........¢+\

N\ - B 01§ [ o
".'\ ------------------------------ - O 06 04 02 0 0.2 0.4 0.6 0.8
. ;.\i . N BDT discriminant

0.25 03 035 04
Ceua/ A [TeV?]
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Search for the epy LFV interactions - 1n.00

e Search for CLFV in final states with three isolated charged leptons
e (Consider only top decay process

e (CLFV top reconstructed from two opposite sign different-flavour leptons and a jet

e Background

» Prompt background: WZ, ZZ

10°

» Non-prompt background: tt, Z+jets zé:: lf;T’-ﬁ‘ngZr\‘j";;:‘;;g1 5\[,)\,3;‘ E;’;"'gmmpt |
e BDT is used to discriminate signal from BG events E ?rir_f:treg'on ﬂf;’fﬁ %ggijriISZo E
¢ Dominant systematics: 103; _
non-closure uncertainty and stat. on efficiencies 1 *
e Data consistent with SM expectation N T E
e Upper limits are set at 95% CL ) _
> B(t—20°q) < 1.86 (1.36) x 105 0bs (exp) A
» B(t—epq) < 6.6 (4.8) x 10-6 obs (exp) 5 1_5‘

—0.4 —0 2 0.6

BDT discriminant
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Search for CPV in the top sector

e (P violation in SM not large enough to describe the

matter-antimatter asymmetry of the universe

e |nthe SM, CPV in the production and decay of top 8 t
quark pairs is predicted to be very small t

e TJop-quark pair production and decay provide a
unique opportunity to study CPV © t

e Simple CP odd observables

e triple-product observables of the form v1- (v2xv3) L = %ET”J”V(af + iysd? ) tGHY
where vi are spin/four momentum of top decay chromo-electric dipole moment

products, Oi, are odd under CP transformation

4 = M0>0) - N0, <0)
"7 N, > 0) + N(O; < 0)

e chromo-electric dipole moment (CEDM) of top quark

in top pair production induces CPV

CKM 2021: Rare top decays (FCNC,CPV) at ATLAS and CMS



Search for CPV interactions

CMS

CMS-PAS-TOP-18-007
36 fb-1, 13 TeV
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e Extract the asymmetry and CEDM in top pair events in the dilepton final states
e (bservables; O1 and Os Alper Hayreter and German Valencia, Phys. Rev. D 93, 014020 (2016)
Ee pe, P, Py
Ez pr, pe, Pt
@ = € 7 Ptr rPe—) — * y : 03 =
1 (P Pepec pi-) = |p | be P P
E;- p Pe; Pe;
e The measured asymmetries are consistent with the Standard Model prediction
¢ Asymmetry and CEDM have linear correlation
e CEDM is extracted by exploiting its correlation with the asymmetry
Physics observable dic CEDM (1018 g5 - cm)
Oq 0.10 £ 0.12(stat) £ 0.12(syst)  0.58 & 0.69(stat) 4 0.70(syst)
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GV CMS-PAS-TOP-20-005

Search for CPV interactions R 5w

e | epton + jets final states
e (Observables: O3, Os, O12 and O14 Alper Hayreter and German Valencia, Phys. Rev. D 93, 014020 (2016)

— —»

O3 = Que(Po, Pos Per Pjy) & Qe - (P4 X P] )
Og = Que(P, P, — P5, Pu, Pj,) & Qu(Po — Pp) - (Pe X Pj,)
O =9 (P — 15)e(P, 49, Pb, P5) < (Po — P5)2* (P X P5)2

— — 1w, =4jets (2bjets) 137f0™ (13 TeV) 1w, =4jets (2bjets) 137fb™ (13 TeV)
O :e(P 1 ')a( _)'( X '). < ?"T"'T"'T"'T"'T"'T"'T"'T"'T"'? <+ j"T"'T"'T"'T"'T"'T"'T"'T"'T"'
14 ’ pb + pb, pz’ p]l Pb + Pb pg p]l g 108§ CMS DY+jets [l Single t mvv 3 8 108§ CMS DY+jets [l Single t mvv
> 107 W-jets [l tt dileptonic [l tt semileptonic 3 - 107 L Wijets [l tt dileptonic [l tt semileptonic
E o  Preliminary -+ Data [7]Stat. ® Syst.|  Syst. B < E Preliminary —+-Data [ ]Stat. ® Syst.|  Syst.
e Jop quark and antiquark candidates are et 0 E -
10* ; é 10° é
reconstructed using a x2 sorting algorithm ok ok
102 |2 J I ——
10
e The background contribution in the signal Q 15 H g :
g 1:#\++ FUrSS e el i+ +++g E 1* e s ey -
. . . \ s T gty R e T s s
region is estimated from a fit to the mass
S 15T ' ' ' ' ' ' ' i = qoF =
2] F ] @ et
dIStrIbutlon Mlb § 1: (dg =-3)/(d =0 Cz) 1, Ao =-3)/(d=0)
05 - (dg =+3)/(d =0) = 0.8F @, =+3)/(d_=0) 3
"7 08 06 04 02 0 02 04 06 gfs T 08 06 04 02 0 02 04 06 gfs
0,/ m’ [GeV] 0,/ m’ [GeV]
1u, =4 jets (2bjets) 137fb (1 3 TeV)
o L e B e O LA B o T TS
. = : - . . . -1
1C_) 2005— CMS —4 Data — % Blu a41ets(2b1‘et's‘)”wvﬂ_ﬂ_yq137fb (13TeV} 1 10817u,'2‘41‘1'et§‘($l‘)]‘efs‘)'H_H_H_H‘j::s?f‘b' (1(%Te\9
- 180 i T i i i — ; 100 DY+ets @Singlet  EVV E ; g DY+ets @Singlet  EVV E
coo 160 = Prellmlnary I:I tt.seml leptonic enriched = % B cmMs W+jets [t dileptonic tt semileptonic % 107 & cmS W+jets [Illtt dileptonic tt semileptonic  _
- = : [ Fitted background E 2 '9°FE Preliminary +Data [JStat. ® Syst. | Syst. E 2 £ Preliminary - Data [ Stat. ® Syst.|  Syst. 3
x  140F 77 Fit unc. ® Syst. = 2w de=3 - sl de=3 -
? 120F Syst. — 2 = E - 3
g 100F- ’ = i3 - E e k
W sop E F E 3 E
€0 ;_ _; 10° 2 10° f “;
40 ;— _; o . E 5
20 3 = 1.5 g 2 15
0 = L Los o § 1;_**v**+**+ﬁ—m, s T R O S ; § 1;*+‘++f«—o+++¢+mw W*—“—H¢,**¢ﬂf**»—r*;
Q§) 1 T L L L L L L L L L L L L L L L L DL LD LD 05 0_5:
_.\(E 1*+W"’Ww+w4~oﬂm**"“* *“'*-&* b ++M++++"F § 12? E cz) 1.2? E
8 (9] 1, Ay =-3)/(d,=0) [0} 1, Ay =-3)/(d,=0)
0.8 s s s I o 08k (6, =+9)166, =0 E m 08F A =491/, =0) =
0 50 100 150 200 250 300 350 400 450 500 108 -06 04 02 0 02 04 06 108 06 04 02 0 02 04 06 gfs
M, [GeV] 0, /m TGev] 0,,/m [GeV]

CKM 2021: Rare top decays (FCNC,CPV) at ATLAS and CMS


https://cds.cern.ch/record/2776770

GV CMS-PAS-TOP-20-005

Search for CPV interactions R 5w

e Experimental factors that affect the measurements are parametrized with a dilution factor

» Comparing GEN level to RECO level observable o 1eP. =4 jets (2D jets)
'3 _I LI | L | L | L L L L LI /I/_
o C CMS ]
> - - ]
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. . p) ATLAS-CONF-21-027
Measurement of Top Polarisation . T
U > > d
e Sensitive to CPV (non-zero imaginary Ciw)
e t-channel single top production wr
e SM effective field theory b > > t

Ci A[6
LEFT = ‘ESM + Z POIE ] + ...
k

® Only the Ow operator with its complex coefficient

has an effect on the polarisation of the top quark b q
e Polarisation
» Py is affected by real Ciw q
g y : .
Py s affected by imaginary Cuw Parameter Extracted value (stat.)
e Dominant uncertainties on Py:: JER and Stat. t-channel norm.  +1.045+0.022 (% 0.006)
e Compatible with the SM predictions W-tjets norm.  +1.148+0.027  (+0.005)
tf norm. +1.005 £ 0.016 (4 0.004)
Ciw Citw P!, +0.01 £0.18  (£0.02)
68% CL 95% CL | 68% CL 95% CL Pt, —0.024+0.20  (£0.03)
All terms 0.2, 0.9] [-0.7, 1.5] | [-0.5,-0.1] [-0.7, 0.2] P, —0.029 +0.027 (£ 0.011)
Order 1/A% | [-0.2, 1.0] [-0.7, 1.7] | [-0.5, -0.1]  [-0.8, 0.2] pt 10.91 4+ 0.10 (+0.02)
P!, —0.794+0.16  (£0.03)

Best limits so far from high-energy experiments!

More details in “W helicity and top quark polarizations” by Marcel Vreeswijk
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)

ATLAS

EXPERIMENT

Run 2 update

e | HC is atop quark factory, allowing ATLAS and CMS to search for rare top quark interactions
e Results are consistent with the SM prediction, no significant deviation is observed

e Significant improvements with new methods & more luminosities

What’s next?

e More searches are performed with full Run-Il data and will be published soon

®* More data is coming, stay tuned!

LHC HL-LHC
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