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o .
=2 Introduction
-y
Q
% * |t has been 10 years since the discovery of the . oo
< . =l — .. —
Z Higgs boson at the LHC! 1 AT e L
@ . . o = _ oo Rl
28 * ATLAS and CMS have discovered all main T N P
= . w IR EERETTEET R iggs boson g ]
production modes and decay channels = =
* Couplings to bosons and 3™ generation fermions 10_2:_ s _:
* Used in differential measurements (e.g. STXS) S % P g
—~ * Couplings to 2" generation fermions (H-pp, H—cc, 10‘3§— — E
etc.) yet to be confirmed (at 50) e Mg(m,,) used for quarks
: : : 10 —
* Other rare/exotic decays could provide hints to 2 4_:= | | = | T
_ 141 =
new physics . - ]
1.2 _
* Couplings to BSM can increase decay rate to final vy E . -
states otherwise suppressed in SM N }{ §
o8-...1 i e .
In this talk 10~ 1 10 102
o [ Present recent searches of Higgs rare/exotic Particle mass [GeV]
5 decays in ATLAS
N
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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Searches for Higgs rare decays
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Events

Data/Pred.

H_>uu, 1 3Tev, 1 39fb-1 ,U+ 1100:)f‘-‘TITAS’-\/.§=.1§Te\./’?39fp;H;—,‘£P&L;,;‘;,|_:
* Offers best opportunity for probing e 10° _‘_‘_‘_—'_IJ_
10° _,J_L

* Challenging due to very small branching ratio

the Higgs coupling to 2"%-generation
fermions

Phys. Lett. B 812 (2021) 135980

0.5

(~2x10™%) and large background (mainly Z—pup)
* Small S/B ratio ~0.1%

0.25

p—y
o

0.75¢

Phys. Lett. B 812 (2021) 135980

o
o

Bkg. composition  Signal composition

eoAmas -, 2 e Select events with 2 isolated
0" Vs=13TeV, 139.0 fo" 2y ] _ _ 0.25}
10f B Dibosor opposite-sign muons using
7 P 100 . . O S 5E:55E2555255E 3552
10 Syt uncert single muon trigger TEgffgifgdiT g igg
10° e FEEE R -
10° g > 3 & L 3O
10 * Focus on ggF, VBF, VH and ttH production modes
10°
Ny * Sensitivity enhanced by splitting events into 12 ggF, 4
| P sm—semESatis VBF, 3 VH and 1 ttH categories with dedicated BDTs
R * Production modes well separated in most categories
May 9, 2022 Jay Chan (Wisconsin)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
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Hopp, 13TeV, 139fb™

* Perform fits in the m , spectrum
* Signal and background shapes modeled by analytical

Weighted Events / 2 GeV

Data - Bkg.

functions

* Signal modeled with double-sided crystal-ball function

(m,, resolution ~3 GeV)

* Background modeled with physics-motivated rigid

Phys. Lett. B 812 (2021) 135980

% 0_2: T T T T | T I. T T I .I T T T I T T T T I T T T T I T T T T :
G 0185 ATLAS Simulation 1 E
Ny 0.16E- Vs =13 TeV, 139 fo E
2 b Houu ;
£ 0.14F -
Z 012F VBF Very High O-jet Very High 1
> F eMc ¢ MC .
- 0-1:_ — Signal model — Signal model
0.08F Mg = 124.7 GeV Mg = 124.8 GeV
0.06 f— Ogg = 3.0 GeV Op=26 GeV _f
0.04 —;
0.02F- =

shape multiplied by flexible functions

Phys. Lett. B 812 (2021) 135980

100

T00E s T
600 V{s=13TeV, 139 fo"

500/ H — py, In(1 + S/B) weighted
400

300

2005

-¢-Data

— Total pdf
— Signal pdf
--- Bkg. pdf

May 9, 2022

110 115 120 125 130 135 140 145 150 155 160

m,, [GeV]

* Fitted signal strength:

1.2 + 0.6 (+ 0.6(stat.) T0%(syst.))

* Significance against no H—upu signal hypothesis:

2.00 observed, 1.70 expected

* Observed upper limit @ 95% CL:
Br(H-pp) < 4.7x10% = 2.2xSM

* ~2.5 improvement wrt 36fb™' (25% from better

analysis techniques)
Jay Chan (Wisconsin)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
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H-cc, 13TeV, 139fb™

®* SM predicts Br(H—cc) ~ 130xBr(H—pu), but worse
sensitivity due to worse signal reconstruction,
resolution and larger background contamination

®* Focus on VH production with V decays leptonically 2‘_202//F
providing event triggers :

* Separate to 3 channels based on lepton multiplicity /__/
10°F =

* O-lepton targets Z(—»VV)H, MET trigger
* 1-lepton targets W(—{V)H, MET+lepton trigger

o
(on
LHC HIGGS XS WG 2016
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e 2-lepton targets Z(—€€)H, lepton trigger 10726 921 122 123 124 125 126 127 128 129 130
(© . . . . . .
T * The c-jet tagging is crucial for this analysis
g * DL1 c-tagger to identify c-jet with MV2 b-tagger

suppressing b-jet contamination (efficiency:
27%/8%/1.5% for c/b/light-jets)

* Select events containing either 1 or 2 c-tagged jets

MV2 b-tag
May 9, 2022 Jay Chan (Wisconsin) 6

¢¢0¢ ouayd



H-cc, 13TeV, 139fb
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arXiv:2201.11428 arXiv:2201.11428
% 450_ I T T T I T T T I T T T I T T T I T IDItI T T T I T T T I I_ % 80—_I I T T T I T T T I T T T I T T ID It T T T I T T T I_—
. - —e— Data - —e— Data
o Slg n a | a nd baCkg rOU nd O} - ATLAS —— Signal + Background ©) - ATLAS —— Signal + Background
. . © 400 (s=13TeV, 139 b B VZ(> cT) (u=1.16) 0 o s=13TeV, 139 fb" B VZ(> cT) (u=1.16)
modeled by MC simulation 5 _F reponzjers 2c0mgs S e 208 5[ 2lepton zjets, 2ctags " VW0 ca) (=089)
£ 350 g, p! > 150 GeV top(b) S 60 SR p; > 150 GeV W Z+hf
1 1 > C multi-jet + other > C B Z+mf
* Perform fits in m_ spectrum & sooF- e L T
- W+mf 50— tt + others
. . C WIf o Il VH(— bb)
i S|g Nna | St re ngth . 250 I VH(— bb) = Uncertainty
A0SR L —— SM VH(-> c5) x 300

Uncertainty
200

-9 + 10(stat.) £ 12 (syst.) - S €0 s
= * Observed (expected) limits 100
—
@ 95% CL: N P T BT -y
Br(H-cc) < 26 (31) x SM_ P nnmne o R e e
* Sensitivity improved by 5 % 12‘34%,@%—%7‘5 \\\\\ R} L % 1%**_—4—_*_—"—_"__"_ =
times wrt 36fb™ (link) g % ‘6|0‘ | ‘8‘0‘ | 586 | 1éo | Hd‘fd | ‘1230‘ | 55‘36 00 O o ‘elo‘ | ‘8‘0‘ | ‘1c‘)o‘ | ‘12‘0‘ | ‘14‘10‘ | ‘16‘50‘ | ‘1£|;o
m. [GeV] m [GeV]
* 43% improvement due to
better flavour-tagging, * Combine with ATLAS VH(bb) analysis to measure Ik /ky:
event selections and * Observed (expected) limit @ 95% CL: Ik./k,| < 4.5 (5.1)

categorization * Smaller than m,/m_ = 4.578 + 0.008
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/

H—rf'ey, 1 3TeV, 1 39fb_1 * Select events with ¥ + (e+e-

/p+p-) with myp, < 30 GeV

>

Loop processe

* Observed (expected)
significance = 3.20 (2.10)
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* First evidence of Ho{Ly!
* u=1.5+£0.5(stat.) +02(syst)

o/
. . Phys. Lett. B 819 (2021) 136412
- H-€4Ly is produced either through loop processes or 3 SO e T
=~ |epton pair + FSR 3 25 EE
.g) _ ¢ data B
* Loop processes sensitive to coupling modifications [ 205
induced by BSM extension 15 :
. . . . 10 =
* Can probe CP-violation in the Higgs sector due to the  anas . |
- Vs=13TeV, 139 1b" L
three-body decay (JHEPOS5 (2013) 061) 55 In(1+Su/ By) weighted sum '
* Analyses split to high and low dilepton mass o2
y P g P g
. * myy ~ 90 GeV dominated by H-Zy €Ly (link) ;
2 * my, < 30 GeV dominated by HoY*yY -€Ly (link) 110115 120 125 130 135 140 145 150 155 160
N m”y [GeV]
§ May 9, 2022 Jay Chan (Wisconsin) 8



https://link-springer-com.ezproxy.cern.ch/content/pdf/10.1007/JHEP05(2013)061.pdf
https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-43/
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Searches for exotic Higgs decays
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JHEP 01 (2022) 063
T T T T T T T T T T T T T T T T T T ]

'1 > o0 3
H-bb+MET, 13TeV, 139fb 39 o amas
= 50:_% Bkg Model fi Vs =13 TeV, 139 fb° __
* Sensitive to NMSSM with H-X,%x°—a(—-bb)x,%%° @ [T SMMmC Single top ]
qc) 40:_ Z+b Diboson ]
* a = light pseudoscalar Higgs boson o [T g oo Signal
30— Z+light . 2 - —
« X120 = 2 lightest neutralinos "3 L E
* Targets ZH production with Z—£€ providing trigger o E
* Require 2 leptons with same flavor and opposite charge, e =
>2 jets with >1 b-tagged, MET>100 GeV I E
* Lepton pair must be consistent with a Z boson gogw f
g . F . o SM 2H (z|—> ||; clrolssls;ctlloln E 8 % 20 @ 60 072
—~0.16— ATLAS T m,, m =10 GeV, 80 GeV — Dijet invariant mass [GeV]
otaE S Aok P g mumiziogevisscey - : -
(<) 2 = = o
3 ——m $§z=1oe§v oV, 3 Malr'1 backgrounds Z+Ile and tt modeled with
= F ! s 50 GV ey ] dedicated control regions
T AN h E :
T 0085 3 * Fit to m; spectrum (SR+CRs)
T 006 - * Analysis statistically dominated; dominant
0.04 = systematics includes background modeling
0-02E Jrep 01 (2022) 063 4 ® Br(H-x2%°—a(—-bb)x:%%:°) < 31% in region of
ob L v v v 1 L L ] .
20 30 40 50 60 70
m (Gev] highest sensitivity
May 9, 2022 Jay Chan (Wisconsin) 10


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-07/

0.5

[ —1 Phys. Rev. D 105 (2022) 012006
% H—>aa—>bb|.l|.l, 13TeV, 139fb 3o amas L e 2
D . T 30F V(s=13TeV, 139 fb’ 7557 Total =
EQ  ° Targets Higgs decays to 2 pseudoscalars (H—aa) 2 5 E SRincl + BDT5050.2 DY +jets 2
% * a—bb provides large decay rate @ 20 * | B oner
. . 15 F =
2 * a—up provides event trigger o
5
BB ° Select events with 2 opposite-sign muons + exactly 2 b- 5
jets using single-muon or dimuon triggers 5 9
* my, and m,, required to be consistent E :
® My, consistent with Higgs mass (110-140 GeV) ® % i
= * BDT trained for each m, to separate signal and background . v, Rev. D 105 (2022) 012006
) — i i z 9T T T T T T T T T T T T
* Main backgrounds (DY, tt) modeled with control regions i [ ATLAS —— Observed 98% L upper i
. . . . . 0 L Vs =13 TeV, 139 fo™ — — Expected 95% CL upper limit
* m, used as the fit discriminant (instead of m,, due to g o7 Expectod mi (- 1)
. I Expected limit (+ 2c)
better resolution of m ) T e i

* Largest discrepancy found at m = 52 GeV ;
* Local (global) significance = 3.30 (1.70) n
* Upper limits set on Br(H—aa—bbupu) for different m, -

* Factor of 2~5 improvement wrt 36 fb' result (~2 due to
the BDT selection) 200003 M0 0
May 9, 2022 Jay Chan (Wisconsin) 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-03/

(.
S -1
4 HoXX/ZX—44€, 13TeV, 139fb I
> Y el AR LA R R AR AR B R A=
g 7 / = 03 o — Observed ATLAS B
—~ . . ' - ----Ex| r: y E
= ° Targets H-XX/ZX—4+£ where X is a spin-0/1 boson « 7 :10255 s 1 SRR
4 H----0--- <d N°© 0. — - —
Sl * Split to 3 channels: ’ ) N ¥
28 _ S .
E) * High-mass (HM): HoXX—4€ (15 < m_< 60 GeV) g 8 o5
* Low-mass (LM): HoXX—4€ (1 <m_ < 15 GeV) 2HDM+S/a <€ 2 o1
* Single Z-boson (ZX): H—=ZX—4¢ (15 < m, < 55 GeV) (,, 2 005
¢ 4'£ = (e e +e e), (e e+ |.1) or (|.1 M+ |.1) s/a (\J 0520 25 30 35 40 45 50 55 60
— <t g m, [GeV]
— l
JHEP 03 (2022) 041 JHEP 03 (2022) 041 ] ) )
E9ouA'T'l'_A'S"'"";""""""—; S 18 s B * m, consistent with Higgs (115-130 GeV)
; ol 2+t W2, 1) - (5= 13TeV, 139 1o Czdes 3 . .
380_;8_1931—'6: ;?be — ( ) ] 2 16E HM Signal Region =\ZI\;€,tt4l E [ ) LM and HM reqUIre m12 and m34 ConSIStent
~ 701 gneregon 4 o 14r e H—>_Z>Z*—>4I B .
£ oo 15 12 m-ncv | ® ZX requires m,, closer to Z-mass than m,,
> g 2zd, m, = 55 GeV : U>J E m, = 35 GeV E . . .
" so i Uncrany E s vy 1 ® Main background (H—ZZ, 7ZZ) estimated with MC
40 % "™ 7 simulation
30F [ [ 6F
20f LI ¢ af * Fits to <my,> (for HM/LM) and m,, for ZX
o [ : 2 | * No excess found in all channels (O event in LM)
o 0: ] 0'
- 0 20 30 40 50 60 620 30 40 50 60 70 8990 100 » | imits set on dark boson (Z,) and 2HDM+S/a
X m,, [GeV] (M) [GeV]
N May 9, 2022 Jay Chan (Wisconsin) 12



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-55/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-55/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-55/
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Summary

* Extensive searches for rare and exotic Higgs
decays performed in ATLAS

®* Observed 20 for Hopup

* One step closer to discovering Higgs coupling

to

2"9-generation fermions

* First evidence (3.20) of Ho£€y (my, < 30 GeV)

* Limit set on Br(H-cc) < 26xSM

March 2021 ATL-PHYS-PUB-2021-008

M, T

JHEP 06 (2018) 166
Vs=13TeV, 36.1 fb~!
bb, pur
ATLAS-CONF-2021-009
Vs =13TeV, 139 fb~!
YY. YY[
EPJC 76 (2016) 210
Vs=8TeV, 20.3 fb!
YY. 9971
PLB 782 (2018) 750
Vs =13TeV, 36.7 fb!
Invisible}
ATLAS-CONF-2020-052

TeV, 4.7,20.3, fb
UM, TT
D 92 (2015) 0520(22

_JHEP 10 (2018) 031
Vs =13 TeV,

—@— Observed
Expected

ATLAS Preliminary
my;=20GeV, ct, <1 mm

o 20
'
¥

¢

¢
¢
4

107% 105 10-% 10-F 102 10~ 100

May 9, 2022

95% CL Limit on BR(H = aa = XXYY)

m
\
Kvv

m
F
Fv O

Kg OF Ky

1074
1.4
1.2

0.8

ATLAS-CONF-2021-053

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

BT IIIIII|

ATLAS Preliminary

Vs=13TeV, 36.1-139fb" z.-4
m,=125.09 GeV, ly | <25, p. =19% .
H SM W
SM Higgs boson ’
c?/
.-
T

mg,(m,,) used for quarks

o
[, IIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII*‘ |

102
Particle mass [GeV]

* No significant excess found for all exotic Higgs

decay searches

* Upper limits set for benchmark BSM scenarios
(e.g. NMSSM, Zd, 2HDM+a/S, etc.)

Jay Chan (Wisconsin)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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H-pp — background modeling

* Major challenge due to the very low S/B ratio

* Mainly focus on the non-trivial shape of the DY
m . spectrum: model with (Core) x (Empirical)

q

Z/y

p/

® Core function: LO DY line-shape convolved with the Gaussian

muon resolution function
* All parameters are fixed

* Empirical function: Power-law or Epoly functions (different in

each category)

* With free parameters to absorb the mismodeling from the

core function

* Function choices are selected based on spurious signal test

procedure with high statistics simulation
May 9, 2022 Jay Chan (Wisconsin)
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H—-up — spurious signal test

* Evaluate the background modeling
bias by performing a S+B fit to
the simulation background

* Resulting S is the “spurious
signal” (SS)

* Selected functions must pass the
fit quality criteria:

*SS < 20% of expected
statistical uncertainty in data

* X% p-value > 1% for B-only
fits to simulation background
and data sideband

May 9, 2022

> 70000
)

O)
< 60000

250000
240000
30000
20000
10000

1.02
1

0.98

1

Temp./Bkg. Temp./Core

Phys. Lett. B 812 (2021) 135980

=TT

'ATLAS Simulation

- Template
Vs =13 TeV, 139 fb — Bkg. pdf
H — uu, 0-jet Low ---- Core function
x?/n.d.f. = 1.65 (p = 3%) — Signal pdf

B-only fit to simulation bkg

L1 I|IIII|IIII|IIII|IIII|IIII|IIII|'

1.001F

0.999)

110 115 120 125 130 135 140 145 150 155 160

m,, [GeV]

* Eventually SS in each category

Is taken as a background
modeling uncertainty

Jay Chan (Wisconsin)
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QLJ _1 g (s =13TeV, 139 fb™ E g
i H-oee/ey, 13TeV, 139fb i oo o 1k
o ch : ground model ;
> ] ] L 60 — Signal B(H— ee)=2% s
= * SM prediction of H-ee far below LHC sensitivity 5 2
S * Sensitive to enhancements by BSM 40;_ 5
U 20— w
= * H-ep directly probes the off-diagonal Y, coupling e 1
e —— ———
* Select events with exactly 2 electrons or 1 electron = 5°°w ! E
1 ' inale-| ' g o HMH+ﬂﬁﬂ+++**+****+*++**+*+*++++**+’é
+ 1 muon (using single-lepton triggers) 5 ot i !
— * Veto events containing b-jets to suppress t-quark 11018 120 125 130 135 10 18 T ]
= background 5 T P
* Split to 7(8) categories for ee(ep) channel based on zzz: Gow

jet and lepton kinematics — St B> 0)-005%

* Simultaneous fit to my, spectrum with :
signal/bkg shape modelled with analytic functions

* Observed (expected) limit @ 95% CL: o 5

8 LS€EL (0202) L08 g 87 "sAyd

° - - E : + $e
. Br(H-ee) < 3.6x10™ (3.5x10™%) § o fw++++++++++H+++++++++++++++++++++++++
% * Br(Hﬁe“) < 62X1 0-4 (59X1 0_4) :g§1§)115 120 125 130 135 140 145 150 155 160
B m,, [GeV]
N May 9, 2022 Jay Chan (Wisconsin) 17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-58/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-58/

(.
Q)
<
0
-
Q
>
=
(72}
(@)
o
-}
7]
=

i

a)
>
@
>
o
N
o
N
\)

H—ee/en — signal and background modeling

* Signal (crystal-ball (f;) + gaussian (f..)):

Ps(mee) = fc X Feg(mee|lmes, ocs, @, 1)

4 (1 — fCB) X Fgs (mfflmGSa O-(S}S)

* Background (Breit-Wigner (Fg,,) + exponential/cubic) for ee channel:

Ps(mee) = f X [Faw(Mee|maw, Tow) ® Fos(Mee|ogs)]
+ (1 = f) x CeA™Mee |m?

ee’
* Background for eu channel: Bernstein polynomial of degree two

May 9, 2022 Jay Chan (Wisconsin)
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H-oee/en — results

Phys. Lett. B 801 (2020) 135148
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a:;' Phys. Lett. B 801 (2020) 135148
Z T T T T T T 17T T T T T T T 1T | T T T T T T 1T
10 ATLAS —— Observed
3 P w=== Expected + 1o
Vs =13 TeV, 36-139 fb Expected + 26
_ e
1074 H -
. H
107°
i [i
10_6 1 1 1 1 1 11 | 1 1 1 1 1 111 | 1 1 1 1 1 11
107° 1072 10~ 1
_ _ _ 95% CL upper limit on B(H — 1 I') in %
10°  10° 10*  10° ° V- UpP ( )in %
T IYHeI
D
-]
(@)
&
N May 9, 2022 Jay Chan (Wisconsin) 19
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H—-cc — event selections

Common Selections

Central jets
Signal jet pr
c-jets

b-jets

Jets

py. regions

AR(jetl, jet2)

>2

> 1 signal jet with pr > 45 GeV

One or two c-tagged signal jets

No b-tagged non-signal jets

2,3 (0- and 1-lepton); 2, > 3 (2-lepton)

75-150 GeV (2-lepton)
> 150 GeV

75 < py <150 GeV: AR <23
150 < pY <250 GeV: AR < 1.6
pY >250GeV: AR < 1.2

0 Lepton
Trigger E%“iss
Leptons No loose leptons
E}“_iss > 150 GeV
P > 30 GeV
Hy > 120 GeV (2 jets), > 150 GeV (3 jets)

min |A¢gE'TniSS, jet)]
[AG(EF"™, H)|
|Ap(jetl, jet2)|
|A¢(E¥“SS, p$155)|

> 20° (2 jets), > 30° (3 jets)
> 120°

< 140°

< 90°

1 Lepton

e sub-channel: single electron

Trigger 4 sub-channel: E‘TIliSS
Leptons One tight lepton and no additional /oose leptons
Ei:nviss > 30 GeV (e sub-channel)
my < 120 GeV
2 Lepton

Trigger Single lepton

Exactly two loose leptons
Leptons .

Same flavour, opposite charge for pu
Mmeg 81 < mepe < 101 GeV

May 9, 2022

Jay Chan (Wisconsin)

16 signal regions
* (0/1/2lep) x (2/3jet) x (1/2c)
* 2lep split to high PTV and low PTV

16 AR control regions (for V-jets)
2 0/1-lep top control regions:
* Require 1 c-tag + 1 b-tag
4 2-lep top control regions (for ttbar):
* Require Te+1p and 1 c-tag
®* For each nj and PTV
4 0-tag control regions (for V + light flavour)
* Require O c-tag and O b-tag
* For each nj and PTV

arXiv:2201.11428
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HVW (cq) = 0.83
My z(ce) = 1.16 £ 0.32 (stat.) +

H—-cc — results

arXiv:2201.11428

- ATLA

2501~ py142 leptons

2 c-tag, All SR

200

150

100

Events after B-subtraction / 10 GeV

50

T Vs=13TeV, 139 fb™

300—||IIIIII|III|III|III|III|III|I—

—e— Data

Il VH(— cc) (n=-9)
B VZ(> o) (u=1.16)
[ VW(— cq) (u=0.83)
B-only uncertainty
— SM VH(-> cg) x 26

May 9, 2022

+

0.11 (stat.) £ 0.21 (syst.)
+ 0.36 (syst.).

arXiv:2201.11428

2000

1500

Events after B-subtraction / 10 GeV

1000

500

I
A TLA
3500 4
(s =13 TeV, 139 fb
0+1+2 leptons
3000
1 c-tag, All SR
2500

—e— Data

Il VH(— cc) (u=-9)
B VZ(- cg) (u=1.16)
I VW(— cq) (u=0.83)
B-only uncertainty
— SM VH(-> c©) x 26

— | #;:i:—k ]
S 5
~50F -
I6|OI | I8|0I | I1(|)OI | I12|0I | I14|10I | I16|0I | I‘I“.|30I | I2C|)OI 60 80 100
m,. [GeV]
UvH(ce) = —9+ 10(stat) + 12 (syst.)

Jay Chan (Wisconsin)

120 140 160 180 200
m,, [GeV]

* Observed (expected) significance:
* VW(cq): 3.80 (4.60)
* VZ(cc): 2.60 (2.20)

21



- _ Phys. Lett. B 819 (2021) 136412
4 H-o{{fy — event selections
2
’% Category Events  So B, B vy  foo [Tl Zoo
§ ee resolved VBF-enriched 10 0.4 1.6 0.009 20 0.3
= ee merged VBF-enriched 15 0.8 2.0 0.07 27 0.5
E) up VBF-enriched 33 1.3 5.9 - 18 0.5
ee resolved high-pr; 86 1.1 12 0.02 9 0.3
ee merged high-pr; 162 2.5 18 0.2 12 0.6
upu high-pry 210 4.0 34 - 11 0.7
ee resolved low-pr, 3713 22 729 0.5 2.9 0.8
ee merged low-pr; 5103 29 942 2 3.0 1.0
: uu low-pr; 9813 61 1750 - 34 1.4

®* ee can be either resolved or merged merged = 2 ID tracks match to the same EM calorimeter cluster
* Select events with ¥ + (e+e-/p+p-) with my, < 30 GeV

* Muons and resolved electrons must have pT > 11 (13) GeV

* Merged-ee pT > 20 GeV

* Priority: yu -> resolved or merged ee with highest vector pT sum of the ID tracks

* 2.9 (2.5) < M, < 3.3 (3.5) GeV to suppress J/y

* 9.1 (8) < M < 10.6 (11) GeV to suppress Y'(nS)

* pTy, and pTpp > 0.3 myp,

a)
>
@
>
o
N
o
N
\)

May 9, 2022 Jay Chan (Wisconsin) 22
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H-€Ly — signal and background modeling

* Signal: DSCB (mass resolution 1.6~2.2 GeV)
* Resonant background (H-yy): DSCB (same as signal) normalized to SM

* Non-resonant background: non-resonant ff)/ process (dominant) + misidentified
photon/leptons

* Analytic functions selected from exponential, Epoly or power-law
* Based on spurious signal test

* Main systematics -> background modeling

May 9, 2022 Jay Chan (Wisconsin) 23
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H-bb+MET — event selections

* Single-lepton trigger

JHEP 01 (2022) 063

SR CRZ CRTop VRMET
Number of leptons 2
Number of jets > 2
Number of b-tagged jets > 1
Dilepton pt [GeV] > 40
pr fraction 0.8, 1.2]
Dilepton mass |GeV] 81, 101] [81, 101] |[50, 81] or > 101] [81, 101]
ET™ [GeV] > 100 | |60, 100] > 100 > 50
Dijet mass [GeV] 20, 120] |20, 120] 20, 120)] > 150

May 9, 2022

Jay Chan (Wisconsin)
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{ H-aa—bbuy
,zi TCR | DYCR | SRincl | VR1 | VR2

g m,,, [GeV] 15, 65]

E My, [GeV] | [110, 140] || [80, 110] or [140, 170]|| [110, 140] | [170, 300] || [110, 140]

ER [GeV] >60 || < 60
In( L™ > —8 [—11, —8§]
— SR bins SRincl & BDTm, > 0.2
2-GeV-wide (3-GeV-wide) m,,,, bins for m, < 45 GeV (m, > 45 GeV)
ET° [GeV]
* DY shape modeled from data in DYCR
with O b-tag (instead of 2 b-tag)
» * Main systematics: jet energy resolution
DY : DY : . : ..
cr |SRincl oo | VR1 and calibration, b-tagging efficiency
-U »
§ 080 110 140 170 300
N miy., [GeV]
§ May 9, 2022 Jay Chan (Wisconsin) 25
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HoXX/ZX—44€ — event selections

May 9, 2022

* Single-lepton or dilepton trigger

Single Z (ZX) analysis
H—->ZX >4t (L =e, )

High-mass (HM) analysis
H—> XX >4l (C=e, )

Low-mass (LM) analysis
H—- XX - 4u

Mass range

15GeV < mx < 55GeV

15GeV < mx < 60 GeV

1GeV < myx < 15GeV

Baseline electrons

pr > 7GeV and || < 2.47; Loose identification with an IBL hit
|zo sin @] < 0.5 mm

Baseline muons

pr > 5GeV (15 GeV if calo-tagged) and || < 2.7; Loose identification
|zp sin @] < 0.5mm and dy < 1 mm (except for stand-alone muons)

Quadruplet selection

Trigger-matched e*e~ete™, ete u* ™, or u* pu puu™; < 1 SA+CT p
Three leading-pt leptons satisfying pt > 20 GeV, 15 GeV, 10 GeV
Define pairs m, and m34 such that |mp — mz| < |m3a — mz|

50GeV < myy < 106 GeV
12GeV < m34 < 115GeV
mia 3y > 5GeV (46/4/.1)

AR(¢,¢) > 0.10 (0.20) for same-flavour (different-flavour) ¢, £

Quadruplet ranking

In order 4u, 2e2u, 2u2e, 4e
Smallest |[mz — m3|
Smallest [mz — m34|

Select quadruplet with smallest Amgp = |mjo — m34|

Isolation &
impact parameter

Track and calorimeter isolation, excluding tracks/clusters from other leptons in the quadruplet
do/oq, < 5 for electrons and dy/o 4, < 3 for muons

map 115GeV < mgp < 130 GeV 120 GeV < map < 130 GeV
10GeV < mip 34 < 64 GeV
Event Z-veto — For 4e and 4 u channels: —

selection

5GeV < mig23 < 75 GeV

Heavy-flavour veto

Reject event if m17,34,14,23 in:
(m]/\y —-0.25GeV) to (m\{l(zs) +0.30GeV), or
(mT(ls) -0.70 GCV) to (mT(3S) +0.75 GGV)

Signal region

m34/m12 > 0.85—0.1125f(m12)

1.2GeV < myp34 < 20GeV
m34/m12 > 0.85
Reject event if m 9 34 in:
2 GeV to 4.4 GeV, or
8 GeV to 12 GeV

Jay Chan (Wisconsin)

arXiv:i2119.13673
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HDBS Summary

ATL-PHYS-PUB-2021-008

May 9, 2022

ATLAS Preliminary

March 2021

Run 1: s =8 TeV
Run 2; {s = 13 TeV

2HDM+S Type-11, tanf3 = 0.5

=== expected +1¢c
observed

Run120.3 fb™ H— aa— purtr
PRD 92 (2015) 052002

Run 120.3 fb™ H— aa— yyyy
EPJC 76 (2016) 210

Run 2 36.1 fb™ H— aa— ppup
JHEP 06 (2018) 166

______ Run236.1fb"' H-> aa— bbbb
JHEP 10 (2018) 031

__ Run236.1fb"' H-> aa— bbbb
PRD 102 (2020) 112006

Run 236.7 fb™ H— aa— yygg
PLB 782 (2018) 750

Run 2 139 fb™ H— aa— bbup
ATLAS-CONF-2021-009

Jay Chan (Wisconsin)

March 2021 ATL-PHYS-PUB-2021-008

ATLAS Preliminary —@— Observed
m;=20GeV, ct, <1l mm Expected

1o
IJIJ, IJH i . 20-
~JHEP 06 (2018) 166
Vs=13TeV, 36.1fb!
bb, uur l
ATLAS-CONF-2021-009
Vs =13TeV, 139 fb!
ol b
EPJC 76 (2016) 210
Vs=8TeV, 203 fb!
YY, 991 l
PLB 782 (2018) 750
Vs =13TeV, 36.7 fb~!
Invisibler I
ATLAS-CONF-2020-052
8,13 TeV, 4.7,20.3,139 fb~?
uu, TT i .
PRD 92 (2015) 052002
Vs =8TeV, 203 fb !
bb, bb | .
__JHEP 10 (2018) 031

Vs =13TeV, 36.1 fb~?

106 10-° 104 103 102 10-f 10°
95% CL Limit on BR(H = aa = XXYY)

March 2021 ATL-PHYS-PUB-2021-008
ATLAS Preliminary —8— Observed
m;=2GeV, ct,<1lmm Expected
1o
20

MM, MU
JHEP 06 (2018) 166
Vs =13TeV, 36.1 fb~?

Invisibler

ATLAS-CONF-2020-052
8,13 TeV, 4.7,20.3,139 fb~?

Z,9971
PRL 125 (2020) 221802
Vs=13TeV, 139 fb!

106 105 104 103 102 10T 10°
95% CL Limit on BR(H = aa/Za = XXYY)
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