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e A search for heavy Higgs bosons decaying into vector bosons in same-sign
two-lepton final states with the ATLAS detector (ATLAS-CONF-2022-033)

* Analysis contact, reported at LHCP2022

e Search for FCNC interactions of the top quark and the Higgs boson in di-
tau final states with the ATLAS detector (ATLAS-CONF-2022-014)

e Analysis contact, reported at ICHEP2022

e Observation of di-charmonium excess in the four-muon final state with the
ATLAS detector (ATLAS-CONF-2022-040)

e Analysis contact, reported at ICHEP2022

e Summary
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-033/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-040/

Generic Heavy Higgs —Motivation

* No hint of existence of CP even heavy Higgs bosons from
previous searches with specific models PRD.98.052008.

* (New ldeas!) Model-independent search for a Generic Heavy
Higgs boson (H) having both dim-4 and dim-6 interactions with

SM particles

 Phenomenology study (PLB 804 (2020) 135358): same-sign

di-lepton final state (SS2L) of associated production with
vector boson (VH) channel dominates the sensitivity
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.052008
https://www.sciencedirect.com/science/article/pii/S0370269320301623?via=ihub

Generic Heavy Higgs—Analysis strategy

* Signal signature: two same-sign leptons (e or p) in association with one large-R jet (J) or
two small-R jets (j), and E;nlss_

/Same-sign 2 lepton (SS2L) )
l \Y

* Boosted SR: leading large-R jet

WH(WW
passing LCTopo W-tagger W)

N

e Resolved SR: invariant mass of two
leading small-R jets consistent with

: _ Lepton V-jets miss
a hadronically decaying W-boson Observable: M, ZP T t Zp T +E7

. Selections Boosted SR Resolved SR ssWW CR Boosted WZ CR Resolved WZ CR
 Dominant Backgrounds: Trigger Single lepton
two same-sign leptons with three leptons with
pr > 27,20 GeV pr > 27,20,20 GeV
Leptons

at least one SFOS lepton pair

e WZ and same-sign WW (ssWW):

zero additional veto leptons

MC driven with normalisation mec > 100 Gev
. . meee - > 100 GeV
from data using dedicated CRs. e sero b-tagged small R jets
Exiss > 80 GeV > 60 GeV > 40 GeV
at least one large-R jet with zero large-R jets with at least one large-R jet with zero large-R jets with
o \WYAVLVAY,Y - MC d rlven LargeR jets pt > 200 GeV, |n| < 2.0 pt > 200 GeV, |7] <2.0 pr > 200 GeV, || < 2.0 pt > 200 GeV, || < 2.0

50 GeV < my < 200 GeV
and pass 80% W-tagger WP

50 GeV < my< 200 GeV

50 GeV < my < 200 GeV
and pass 80% W-tagger WP

50 GeV < my < 200 GeV

Small-R jets

at least two small-R jets with
pr > 20GeV and || < 2.5

at least two small-R jets with
pr >20GeV and |n| < 2.5

e Non-prompt: data driven

mjj

50 GeV < mj; < 110GeV | > 200 GeV
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Generic Heavy Higgs—Fits

e Post-fit distributions for boosted SR and resolved SR with background-only fit

e Good agreement between data and background

e Theoretical systematics have the largest impact in boosted SR, while systematics
of non-prompt background estimation have the largest impact in resolved SR

e No obvious excess Is observed

Uncertainty of channel Boosted SR Resolved SR
Total systematic uncertainties 10.0% 4.1%
(n T T T T I T T T T I T T T T I T T T T I T T I T (n TTTT I TTTT I TTTT I TTrTT I TTrTT I TTTT I TTTT I TTTT I TTrTT I TTrTT
S 10 ATLAS Preliminary e Data —= S 405 ATLAS Preliminary e Data ; B A A A A T
3 E s5=13Tev, 139" = ertainty 3 2 E Vs=13Tev, 139" = wertainty = | Data driven non-prompt : - |
pf S Qi ] gt (] Theoretical uncertainties  89%  2.6%
- my, = ev, 3 Non-prompt 3 = my, = ev, 3 Non-prompt - b AR S AN N =S SRR GRS R NI
SRR RN B ersion o f, 20,1 =230 ) Photon conversion MC statistical uncertainties 3.0°
5 B ww [ Charge-flip B 10° - ww [ Charge-flip = . . .
10° m,, = 600 GeV, ] Other = =L m,, = 600 GeV, [ Other 3 Floating normalizations 3.5% 1.2%
= fyy=67.51,, =0 3 ,r fy=67.5,1,, =0 . .
- ] 10 E Small-R jet - 1.1%
1 0 = * ; A P = . . .
= * e o et 2 ] Data driven photon conversion 0.2% 0.9%
. S S Eiss 0.2% 0.7%
: LS E b-tagging 0.8% 0.5%
10 10" é Data driven charge-flip 0.1% 0.3%
2 I I I I I 2 Lol I.J Lol :.I.I. .... T.I.I. .... i 1111 I 1111 I 1111 I 1111 I 1111 I 111 Electron 0.5070 0-2(370
B B = B B + 444444444 £ Muon 0.6% 0.2%
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8 05;_ ................................................................................................................................... _; 8 05;_ .................................................................................................................................... _; Large_R Jet 1.1070 0.2070
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Generic Heavy Higgs—Results

Pulw  Pulww

« Observed and expected exclusion contours at 95% confidence level in ( IV ) parameter space.

A2
. With my; = 300 GeV, |prW | > 2.7 TeV=2 and |prWW | > 10 TeV~2 can be excluded.
. With my; = 600 GeV, | ——— prW | > 2.5 TeV™%and | ——= prWW | > 12 TeV~2 can be excluded.
. With my; =900 GeV, |prW | > 2.9 TeV—2 and |prWW | > 15 TeV~2 can be excluded.
% 2205 148 Preliminary — Observed limit
; 200E" V5= 13 Tev, 139 o' - - Expected limit
* Upper limit on heavy Higgs production (pp->VH) cross section as a function of m; at 95% ! o S - oo - o
confidence level with 2 set of fixed ( fy, fyyw): (0, 6200) and (1350, 0). g 140 e
T 100
« With (fiy, fiww) = (0, 6200), heavy Higgs with mass up to 700 GeV can be excluded,

o with (fyy» frw) = (1350, 0), heavy Higgs with mass up to 900 GeV can be excluded.

e B B g T T3 cr‘50:"'|"'|'"|"'|"'|"'|"'|"': = 1
% - ATLAS Preliminary - -- Expected limit ] % 25:_ ATLAS Preliminary - -- Expected limit 3 % 403_ ATLAS Preliminary - - - Expected limit E =,
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z E m, =300 GeV I Expected + 1o J % 20F m,, = 600 GeV W Expected = 16 z N ' m, =900 GeV I Expected = 1o >
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FCNC tgH—Motivation

Flavor-changing neutral currents (FCNC) decays

e are forbidden at tree level

e occur at one-loop level but are strongly suppressed by the GIM mechanism

* significantly enhanced in BSM extensions (maximum up to ~10-3)

* Any observation of top FCNC = BSM physics

Process SM

t— Zu | 7Tx 10717 |

t— Zc| 1x10714

t—gu | 4x10
t—gc | 5x 107"
t—yu| 4x 10716
t—ye| 5x107 | <
2 x 10717 ! e—

t — hu |

2HDM(FV)

JHDM(FC) MSSM

RPV

< 1076

<1077
<1077
<1077

<1076
<1078
<107
<1076
<1079
<1077
<1079
<1077

1311.2028
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https://arxiv.org/pdf/1311.2028.pdf

FCNC tgH—Analysis strategy

e 7 SRs are defined based on:

e # of leptons, (b-)jet multiplicities, tau decay mode, W decay mode
o 1,(8,) : W from SM top decays leptonically (hadronically)
* T»(Theq)' tau lepton decays leptonically (hadronically)

e Lep channel: data-MC scale factors from tt CRs (2 b-tags or 2 leptons)
e Had channel: events with looser T ID multiplied with fake factors (from W+jets CR)

leptonic channel

Requirement hadronic channel
IhTiepThad I ThadThad 1 Thad !hThad Thad
Trigger single-lepton trigger di-7 trigger
Leptons =] isolated e or u no isolated e or u T
Thad =1 Thad 2 Thad =1 Thad 2 Thad

Electric charge (Q) | Q¢ X Qrpy; <0 Orpgy X Qg <0 Qe X Q0rpy; >0 | Op

et 21 jos

b-tagging =1 b-tagged jets =] b-tagged jets

XQr.4,<0
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FCNC tqH—Fits

Separation of both signal modes from background using GBDT method

Train BDT separately for decay and production processes, tcH and tuH, but it gives

similar sensitivity.

 One BDT per signal region with 12-17 kinematic input features

BDT output score as an input to the profile-likelihood fit to data

Small excess of data are observed with significance of 2.3c, mainly in tlep+2hadtau

Most sensitive leptonic SR

Events

. Fake . Other MC
FCNC tcH H—t*t D Uncortanty
10° et ThagThaa ! =
= ) w— fCH(0.19:)x2
Post-Fit o192

102

10

- =

:I TT | T TT I TTT I 1T I T
F ATLAS Preliminary g 4., B
- {s=13 TeV,139 fb

m— TWbHc{0.1%x2

Data/Pred
o o Ii\amihl

o o

:

LT
Al
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BDT Discriminant

A

Data/Pred
o O

107

—_ =

_III|III|III‘III ]
sL_ATLAS Preliminary @ data [ [ —
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Most sensitive hadronic SR

= Vs=13 TeV,139 fb Wi Wsvrigss
r FCNC tuH H—=t*1" DDiboson .Rare -
E_thrhadthad_sj .rsub real .Fake T _E
C th .Z*}‘CT B
- Post-Fit " Uncertainty ==tuH(0.1%)x2 |

ug—tH(0.1%)x2
== T >WbHu(0.1%)x2

T 208 -06 04 02 0 02 04 06 08 1

BDT Discriminant
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FCNC tgH—Results

e Comparison between previous (36fb-1 JHEP05(2019)123 ) and current

observed limits show a significant improvement using the full Run-2
dataset with:

e afactor of ~5(2.5) for expected (observed) upper limit
e The statistical uncertainty is the dominant contribution

ATLAS  Preliminary \s=13 TeV, 139 fb™ 1 2><10‘3
L I BN L =L .
FCNC tuH H—rt*t E [ ATLAS Preliminary . Expected limit
Hadronic _ I Vs=13Tev, 1391 —— Observed limit
S Rs=s5: Expected limit + 1o
8- e Expected limit + 2c
95% CL limits
Leptonic . Expected+ 16— _ A =1TeV
----- Expected + 26
— QObserved
Combined ]
95% CL limits
| : AP R B R B . Ix107°
0 05 1 15 2 25 3 35 T

AB(t - uH)/107° %B(t — cH)
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https://link.springer.com/article/10.1007/JHEP05(2019)123

di-charmonium

Observation of di-charmonium excess in the four-muon final state
with the ATLAS detector NEW

Using £ = 139 fb~'of 13 TeV of ATLAS Run-2 data collected in 2015 to 2018
Search in the 4 final state through the di-J /v and J/1) + 1(2S) channels
di-1(2S) — 4y statistically not accessible with Run-2 data
Signal simulated with JHU: TQ mass = 6.9 GeV, width = 0.1 GeV, spin = 0

SPS mass shape validated
Background processes (simulated with Pythia8): g

using AR > 0.25 CR

prompt di-J/1 : Single Parton Scattering (SPS) and Double Parton Scattering (DPS) § 10 ATLAS ki o
non prompt di-J /1) : ; :‘ZEM AR2>0.25 g=

bb -~y JAy X

“Others” background: single (prompt or non prompt) charmonium plus fake muons,
non-peaking background containing no real charmonium candidates

(CRs defined in sidebands and by requiring one charmonium containing a non muon track)

Event selection and signal and control regions:

Signal region ] SPS/DPS control region | non-prompt region 6 88 7 78 8 85 9 98 ;,%"‘[%;SGV‘]‘

Di-muon or tri-muon triggers,

Opposite charged muons from the same J /¢ or /(2S) vertex,
1,2,3,4

ARAS ] M L I | T -1 T
- ATLAS Preliminary 4 Data
30F\s = 13 TeV, 139 fb"
E Jhp+yp(2S)

Events / 0.10 GeV

Loose muon ID, p > 4,4,3,3 GeV and |n;,2,3.4| < 2.5 for the four muons 25 AR > 0.25 Moes
my )y € {2.94,3.25} GeV, or my, (25 € {3.56,3.80} GeV, 2of- - —
Loose vertex cuts XZ'#/N < 40 and Xﬁi-,,/N < 100, s
N=5 Vertex Xfﬂ/.N <3, '°§_
w.r.t primary vertex closest in z Li’;, < 0.2 mm, |L(,jcl)-,#| < 0.3 mm, Vertex Xiﬂ/N > 6, °F

may, < 7.5 GCV,
AR < 0.25 between charmonia

7.5 GeV< may < 12.0 GeV (SPS) | |LE#| > 0.4 mm
14.0 GeV< myy, < 25.0 GeV (DPS)
6 65 7 75 8 85 9 95 10 105 1

9 mi [GeV]

Cite Evelina’s talk at ICHEP2022

Data/Pred.
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di-charmonium

Observation of di-charmonium excess in the four-muon final state
with the ATLAS detector

Fit Models

Unbinned maximum likelihood fits on the four-muon mass spectra < || GeV, no AR cut
fit signal region AR < 0.25, fit control region AR > (.25, with transfer factors for background yields from MC or data driven methods

The signal probability density function (PDF) consists of several interfering S-wave Breit-Wigner resonances,
convoluted with a mass resolution function R(«)

2

Zi
fs(-’E) = ; r2 — mz2 +im;T;

2 4m3/ Z; : complex numbers
v representing the amplitudes
1— 2 ® R(a) P g p

21 fixed to unity with zero phase

no interference with NRSPS (LHCb model)

di-J /% channel:

s : 2 N
models with different numbers of resonances (2 or 3) are compared in terms of X~ or toy MC distributions

J /¥ + 1 (2S) channel:
Model A: same resonances as in di-J/, plus a 4th standalone resonance
2 zi i 23 ’ My + Mys)
(2
s = . ; 1— R
fs(2) ; z2 —m? + im;T; + 2 —m2 +im3l3 ( x ) @R(a)

Model B: a single resonance
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di-charmonium

Observation of di-charmonium excess in the four-muon final state

with the ATLAS detector
Results in di-.J/1) channel

411 mass distribution from data and

background predictions before fit fitted mass in SR, 3-resonance fit (2 out of 4 degenerate solutions for z; )

% :"lllV"lll"lI'IV"IIVVIY'V'll]l'vl"ll']l'v"'ll': > illlllIlllllllllllIlllllllllll; > illl||||I||||I|||Il|ll|ll|llll—_

& 500 __ATLAS Preliminary 4 Data R [} 300 - ATLAS Preliminary Data 1 o 300 - ATLAS Preliminary Data .

= Vs =13 TeV, 139 fb" O __+ t 10 F t .

g E di'J_/lP ' . HHich Slanal @9 E g 250 :— Vs=13 TeV, 139 b — Sig.+Bkg. —5 g 250 = Vs=13 TeV, 139 fb! — Sig.+Bkg. .

% 400 - . sPS _: o’ 200 E‘_di‘J/lp — Background _f d 200 E_di'J/w — Background _f

@ C B ors . ; 1505 ---8ig.w/oInt. I ; 1 505 ---Sig.w/oInt.

300} bb—JydhpeX - - 4 = - ‘ 3

5 ++ B oo ] § 1005 ++4m% Sig. Int. ] § 1005 ++§H‘*& Sig. Int. :

20f 'y e TR PR AN :

- . 50F AR = 50« Yoiw, =

100f - 0;/ " fettitate s, ) 1 O_V s

£ SRR AULURATRIRL NI { -100F 4 -100F ]

Fosp WO 450 | 4 1500 E

- 4 2 . . ’ - n 01 1 v o e v by v by by a | Gt v by v b v Lo v o Ly v g |
08 T TS B B 8 e e Gev] 65 7 75 8 85 9 65 7 75 8 85 9

: mE" [GeV] mE" [GeV]

feed-down from J /v + 1(2S) or higher

di-charmonium resonances not included Fitted masses and widths

significance of third resonance: 100 (GeV) mo o mi I

using LHCb Model | values for 3rd 6.22 + 0.05t9%  0.31 +0.12*997 6,62 +0.03%0-02 (.31 + 0.09*0-06
resonance gives similar results di-J/y ~ =005 ~ =008 =001 —~-o.11
LHCb Model Il fit (interference with NRSPS) my I —_—

disfavoured based on fit quality

consistent +0.06 +0.03 _
70% worse fit quality for 2-resonance fit _ Wwith LHCb 6.87£0.03%, 5 0.12+0.04%5;

6.9 GeV resonance confirmed, best fit with 3 interfering resonances, other explanations possible
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di-charmonium

Observation of di-charmonium excess in the four-muon final state

with the ATLAS detector
Results in J/1 + ¢ (2S) channel

411 mass distribution from data and

background predictions before fit fitted mass in SR (ModeIA and Model B
> AR RARAS LARAE LEARE RARRE RARAS RAREE LARRE RAREE RARES -] 50_" [retrprrrrpr e eo> 50_" I
8  go[_ATLASPreliminary ¢ Data 4 & “*L ATLAS Preliminary } Data ® FL ATLAS Preliminary } Dat
= C Vs=13TeV, 139 fb” © - - O 5 - o
S Funmes) W sps 1o s =13 TeV, 139 fb™ — Sig.+Bkg. w | Vs=13TeV, 139 fb™ — Sig.+Bkg.
%’ 50:_ I ors 4 9 40——‘]/‘1""‘4’(23) — Background - Q 40-—‘”‘3“"‘1’(28) — Background -
3 40:_ bE—-J/\vW(ZSHX_: 8 i --- signal i S i -~ signal ]
: H Wowe 18 | 12 |
oE H 18 30.# 1 8 30f g
: w o f) 1o [
20F \l C || \\ ‘ i ’/' X
- 20+ 1 4 200 =
10F i \ | i f \
- L \ .
» . I/ / | 2
B 15 - §L e € 10 ) - 105 3 ‘ ]
a g 142 - - s N ; ‘ ~ i ' N
£ o5 TSI N ] o T !
S 0% SO0 I IS T I ';J,x'..'.f.»LHJJ....|.... AP I B AN > =
6 65 7 75 8 85 9 95 10 105 11 0 7 7.5 8 8.5 9 0 7 7.5 8 8.5 9
mg [GeV] mi" [GeV] mg" [GeV]
Fitted masses and widths
significance Model A: 4.60
second resonance (7.2 GeV): 3.20 (GeV) ms3 I3
(hint for a 7.2 GeV resonance in LHCb data) model A 7.22 + (0.03%0-02 0.10%0-13+0.06
J /w +¢(2S) -0.03 -0.07-0.05
significance Model B: 4.30 model B 6.78 +0.36'0-33  0.39+0.117%1]

Evidence for an enhancement at 6.9 GeV and a resonance at 7.2 GeV, other explanations possible
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FCNC decay via other bosons
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FCNC ¢ — gy 2205.02537

* Analysis Strategy:

e optimize for FCNC production & decay
e One SR: 1y + 1lep + missing Et >30GeV + 1 b-jet + >= 1jet

* Control regions for main background processes with prompt photons
e CRtt+vy
e CRW+y+jets
e Normalization of tf + y and W + y + jets free-floating in the fit

e Other main background: photon fakes (data-driven estimate of ¢ — y and i — y fakes)

ATLAS Simulation [ other prompt y [ tty

s=13TeV [ ]h—y fakes [ e—y fakes
[ Zy+jets [ Wy +jets

SR CR Wy +jets CR tty

Background composition FCNC decay FCNC production

ICHEP2022 16 Mingming Xia,THU


https://arxiv.org/abs/2205.02537

FCNC ¢ — gy 2205.02537

===« Production mode, tuy LH

* Multi-class neuralnetwork (NN): for separation of both

signal modes from background

* ~ 30% better than binary classification
* separate network for up & charm (2 NNs)
» for classification of prod, decay, bkg (three output

class, multinomial classifier)

¢y = Vprods Vie> Ybkg)

e Signal outputs combined in likelihood ratio:

D=1 a*yprod_l_ (1- a)*ydec
= In

y bkg

* pbackground model in agreement with data
* NN output distribution used for a profile-likelihood fit to

data

t—uy LH

* Factors 3.3 - 5.4 better than 81fb-1 analysis

(1908.08461)

* adding events with more than one jet
e Statistical uncertainties dominate

t—=uy RH

t—cy LH

* All systematics together worsen limits by

~20% (fuy) or ~40% (tcy)

t—=cy RH

Fraction of events / 0.05

Vs=13TeV

107! s

........
||||||||

::::::::
........

------------------

Production mode class
1 1 1 1

ATLAS Simulation

—— Background

..... Decay mode, tuy LH é

"
-----

.....................................
|||||

-=== Production mode, tuy LH

|||||||
llllllllllllllllllllllllllllll

—— Background

----- Decay mode, tuy LH

........
uuuuuuuuu
1111111111111
||||||||
.......
-------

------------------------------------------------

1072

107

|||||||
lllllllllllllllllllllllllllllllllllllllllllllll
------------------

.................................................

ATLAS 9 Expected * 10
Vs=13 TeV, 139 fb™! === Expected + 20
| I —— Observed
L | - PR (S T S Y S ST R |
0 0.02 0.04 0.06 0.08 0.1
BR 95% CL limits

X
-
<Q

Events /0.5

Data / Bkg.

854 3

@ Data --tuy LH (10xlimit) 3
Vs=13TeV, 139 1" [ Wy+iets [lle—y fakes ]
SR [ Zzy+ets [ ]h—y fakes -
Post-Fit Wity [Wother prompt y 3

77 Uncertainty

: YNk
g.. -0 Q-8 .w-,.., 'S —.-'--'. «‘».y-’/ri'ﬂ*‘*ﬁi//én/;: e

2 4 0 1 2 3 4 5
NN discriminant

ICHEP2022

17
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https://arxiv.org/abs/2205.02537
https://arxiv.org/abs/1908.08461

FCNC ¢ — gZ ATLAS-CONF-2021-049

e Analysis Strategy

o Z — ' with € = e, u isolated leptons and m,, ~ m,, 1b-jet, W decay leptonically

e 2SRs: SR1 (FCNC decay) SR2 (FCNC production)
e 4 CRs: ttbar CR, ttbarZ CR, Side-band CRs (mass of SM top and FCNC top)

. )(2 minimization to
reco 2 reco 2 reco 2
2 _ (m'af 28 tFCNC) (mjbfwv o szM) (mfwy — Myy)
Xii = > + : + >
o b o

rene tom v

* Central value of masses and widths are taken from fit to reconstructed FCNC decay signal
events.

e Select FCNC jet (for FCNC decay only, for FCNC production, )(tzz is constructed. )
o Fit PZ(U)

u,c

ICHEP2022 Mingming Xia,THU


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

FCNC ¢ — gZ ATLAS-CONF-2021-049

SRs+CRs
. . B(t — Zq) [1077] tZu LH 6.2 4977
* Signal separation: B(t = Zq) [107°] tZu RH 6.6 5172
s B(t — Zq) [107°] tZc LH 13 1115
e GBDTs were built in each SR Bt - 7q) 10-7) 7 RH s 10+
e Applying 5-fold Cross-Validation CU3* | and |3 tZu LH 0.15 013759
. _ IC83)| and [C3)] tZu RH 0.16  0.1475:93
* Training BDTs for: IC3)*| and [P tZc LH 0.22 0207003
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e FCNC production via up quark 2 00k i3 Tou T e s
. . 0 - SR2 VV+HF  lItZ ]
e FCNC production/decay with charm G 180F Dt 0.7 or D > -0.4 WFake lop. WOther bkg. -
160;— Post-Fit 7/ Bkg. uncertainty —;
e Upper limits on Branching ratio and Wilson coefficient 1405 L N o) x50 E
are extracted from profile-likelihood fit to BDT scores. 3 ;? E
e Comparison between previous (36fb-1) and current B0F (ﬁ‘ E
observed limits show a significantimprovement using the - " 8T
full Run-2 dataset with: ™ B —
e afactor of ~3fortZu ~2 fortZc coupling 2 b { j j E
e 36 fb-1 result: decay mode only S orsk (X E

e The statistical uncertainty is the dominantcontribution °*7 098-06-04-02 0 02 04 06 08
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

FCNC ¢ —» gg Eur.Phys.J.C82(2022)334

e Analysis Strategy:

e 1 b-jet + high-P; leptons (e or u) + large missing Et
e Consider production ONLY
e decay mode contains a jet initiating gluon, indistinguishable with QCD bkg.
e Top quark can be constructed using 4-momentum conservation (W on-shell)
e Fake rate determined in a data-driven way for multi-jet estimation (jets fake leptons)
e Custom very tight b-tag to suppress light-jets

ATLAS \s=13 TeV, 139 fb™
SR
u,c W +jets 36.8%
wW Vo
Z+jets,VV 4.8%
-Q Multijet 7.6%
g tq,iq 22.2% tt,Wt tb,tb 28.7%
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https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7

FCNC ¢ —» gg Eur.Phys.J.C82(2022)334

* Train artificial neural networks to obtain discriminants separating signal and background

e 2 NNs: D1 for iigt, cgt,cgt D2 for ugt
* three-layer feed forward NN with transformation of 12/9 input variables
* Profile maximum-likelihood fit to the NN discriminant

* Factors of 1.5 - 2 better than run-1 analysis, main systematics: bkg modelling, jet/MET-
related

e BR(f — ug) <0.61 x 104 (expected: BR(f — ug)< 0.49 x 10-4)
e BR(f = cg) <3.7x104 (expected: BR(t — cg)< 2.0 x 104
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https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7

e THU-ATLAS team:

e 1 staff, 1 postdoc, 5 PhD student (6 ATLAS author)

e obtained fruitful physics results on searches for TeV physics (still
going-on)

e Generic Heavy Higgs, FCNC tqH(tautau), low mass
resonance, FCNC tgH(combination), Generic ZX

resonance, LFV ...

* Run-3 expects more exciting opportunities

Mingming Xia,THU
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