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matter and energy)?

Introduction

 SM is very successful with Higgs discovery, data agree with the SM predictions

But some big questions are not explained:
d What are the origins of 95% energy and mass in the universe (dark

d What is the source of matter-antimatter asymmetry in our universe?

 Hierarchy problem, why SM m, << mg,.... (Grand Unification Energy) ?

Many theoretical models
beyond the Standard Model
(BSM) predict new scalars:
SUSY, extra Higgs doublets

Rich phenomenology and
final states to explore at the
LHC
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BSM Higgs Models

Phys. Rept. 516, 1 (2012)

[ J H °
2HDM (2 H 1885 Doublet MOdEl) _ Models which lead to natural flavour conservation. The superscript
» h(125) & H: two neutral Higgs bosons which are CP-even  jis a generation index. By convention, the ul, always couple to @,.

(scalar);

> A: neutral Higgs boson and CP-odd (pseudo-scalar); Model U 0y °k
> H*: charged Higgs bosons Typel P, P, P,
_ . : _ Type I &, b, o)
» tanp: the ratio of the VEV of the two Higgs doublets; Lo :
_ " ) pton-specific b, D, D
» a: the mixing angle between the CP-even Higgs bosons Flipped o, b, o,
* hMSSM (habemus Minimal Eur. Phys. J. C (2013) 73:2650
Supersymmetric Standard Model) N T — N AR
approach: o R o e
O From LHC: = ol - =
> SM Higgs mass M, around 125 GeV; & Z
> SUSY breaking scale M, > 1 TeV; = \ z |
O Could ignore the complicated radiative L cew LS S
corrections on Higgs masses to simplify gy L Ma=TGeV . gy L Ma=sSTGeY |
phenomenological analyses in the MSSM R ¥ L e »

Many searches are interpreted in 2HDM with listed parameters, and also interpreted in hMSSM


https://arxiv.org/abs/1106.0034
https://link.springer.com/article/10.1140/epjc/s10052-013-2650-0
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Direct BSM Higgs Searches

» Both ATLAS and CSM explored signals in hMSSM and different M,%25 MSSM scenarios;
» Heavy Higgs complementary searches with its many possible decay channels;
» Excluded large parameter space in several MSSM models, but still plenty space to explore.

ATL-PHYS-PUB-2021-030

July 2021

60

ATLAS Preliminary

5 hMSSM, 95% CL limits
4 Run 2, Vs = 13 TeV .
3 — Observed —
--- Expected
2 : _
1 i o L |
200 300 400 1000

m, [GeV]

[ gg/ob H/A, HA —
139 fo”
Phys. Rev. Lett. 125 (2020) 051801
[T tb) H, H - v, 36.1 b
JHEP 09 (2018) 139
[ b(b) H/A, HIA — bb
27.8 b
Phys. Rev. D 102 (2020) 032004
[ H -2z - 4ivy, 36.1 o
Eur. Phys. J. C 78 (2018) 293
A —>Z7h,3611"
JHEP 03 (2018) 174
[ tb) H', H > b, 139 fb”
JHEP 06 (2021) 145
O H—>WW —lviv, 36.1 b
Eur. Phys. J. C 78 (2018) 24
B H — hh — 4b/bbyy/obrr
27.5-36.1fb"
Phys. Lett. B 800 (2020) 135103
== h couplings [k, K, Kk,]
36.1-79.8 o
Phys. Rev. D 101 (2020) 012002

2000

tanp

CJO -IE-U‘IOI'\I

CMS Higgs Summary Plots
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

Data/Pred.

i Charged Higgs (mHi>mt) HE = tb  JHEP 06 (2021) 145

ot > * Charged Higgs bosons produced in association with a top and a bottom quarks;
< * Events selected with 1 e/p, categorise them according to number of jets and b-jets;
* Major backgrounds dominated by tt+jets (MC simul. but corrected from data).

9\ QQQQQAQ)

A Neural Network (NN) is used to discriminate between signal and backgrounds;

e Signals extracted from a simultaneous binned maximum-likelihood fit to the data on the NN output
distributions in the four analysis regions, no significant excess over background observed in data, new
upper limits are set on cross sections and the hMSSM parameter space
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https://link.springer.com/article/10.1007/JHEP06(2021)145

Light Charged Higgs (m ,<my): H*->cs/H*->cb T,
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* Type-ll 2HDM or 3HDM : top pair production with one t 2> " post :
H*b (CMS: H* = cs; ATLAS: H* = cb), another t > Wb; :

* Signature: 1 lep (e, p) + missing energy, at least 4-jets
(CMS: 2 b-jets & 1 c-jet; ATLAS: 3 b-jets);

* The signal extraction from a binned maximum likelihood fit to the final
discriminant m;; for CMS and NN on 3 SRs and 6 CRs for ATLAS I D

CMS: No significant excess beyond SM predictions = an upper limit in the range T e
1.68-0.25% on Br(t = H*b) for a charged m(H*) between 80 and 160 GeV. Upper limits on B = B(t > Htb)

x B(Hx = cb) @95 CL
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/
https://arxiv.org/abs/1605.05881
http://arxiv.org/abs/2005.08900

Light Charged/ Neutral Higgs H* 2 AW 2 uuW?=*  arias-conr-2021-047
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Type-l 2HDM charged Higgs from top
decaying to a pseudoscalar Higgs(A) and a W;
Events: p*u, 1 e, = 3 jets & = 1 b-jet;
Major BKGs tt, ttZ, Z+HF estimated by fitting 3

corresponding data CRs with MC templates,

validated using VR.

* No signal observation on Signal Strength p;, of each pseudoscalar Higgs (A) mass
point by the profile likelihood ratio from signal + BKG fit on m , =» type-1 2HDM

95% C.L. upper limits on B(t — bH', H' — WA, A — u'1)

limits of B(t=2>bH?,

Explored 2HDM parameter spaces with upper/lower limits at 95% CL.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-047/

Charged Higgs H*/H= - W*Z/W*W*

Georgi—-Machacek (GM) model for charged and doubly charged Higgs produced via VBF;

Events from vector boson leptonic decay modes = two isolated same-sign leptons (SS 28) B ass <
or three isolated lepton (3€) with two VBF jets; |

Major BKGs: vector boson pairs (WZ and WW from MC simul.) and nonprompt lepton fronr

HV decays and mis-identification (estimated from data);

Signal extraction using binned max. likelihood fit using the VV transverse mass m; and dijet invariant mass m;

distributions.

EPJC 81 (2021) 723

=>» Excluded GM S,, parameter values > 0.20-0.35 for the mass range from 200 to 1500 GeV at 95% CL!
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http://arxiv.org/abs/2104.04762
https://doi.org/10.1016/0550-3213(85)90325-6
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* Type-ll seesaw model =» pair
productions of H**H~ and H**H/ H"H*;

* Signatures: 2 same charge leptons, or
three or four leptons with a variety of
charge combinations, missing
transverse momentum and jets.


https://doi.org/10.1103/PhysRevD.22.2227
https://link.springer.com/article/10.1007/JHEP06(2021)146

Heavy Neutral Higgs A 2 ZH EurPhys. J. c. 81(2021) 396

gluon Fusion (ggF) b-associated prod. (bbA)

Analysis on &bb (H—>bb) from ggF and bbA to
explore the weak decoupling limit while
UWW->dAqg (HWW) from ggF for the vicinity
of the weak decoupling limit;

Events: a Z candidate with m,, from 80 to
100 GeV, 2 b-jets or >= 3 b-jets or >=4
jets depending on analysis;

No significant access = upper limits on
oxBr(A—>ZH)xBr(H—>decays) @95 CL with
different Higgs width;

Interpreted the results in 2HDM
parameter spaces from different models
(type-l, type-ll, lepton-specific & flipped).

From ¢/4q (H2>WW)
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https://arxiv.org/abs/2102.13405
https://link.springer.com/article/10.1140/epjc/s10052-021-09013-y
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Heavy Neutral Higgs A 2> Za 2 ¢ XX & ZA 2 ¢y

Eur. Phys. J. C 81 (2021) 13

2HDM+a: H>Za (22> ¢ & a=>XX)
& bb>Za/A ((22# & a/A>xX)
Events: m, compatible to m, &
large missing energy/p; & M;
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Signals extracted by simultaneous binned maximum-likelihood fit to M; distributions on SRs & CRs

ATLAS-CONF-2021-029

Eur. Phys. J. C 81 (2021) 13

137 fb~1 (13 TeV)

——— Expected 95% CL *0experiment
—— Observed 95% CL

—
-
-

tan(B) =1, sin(8) = 0.35
mpm =10 GeV
300 400

-
-
L~

500 600
ma [GeV]

m, [GeV]

T L L B L B R RS L T L ) B

2500 b ol N
- ATLAS Preliminary 3
= \ 5 Expected limit (£10,,.) |
L Vs =13 TeV, 139 b, 95% CL AR N
[ 2HDM-+a, Dirac DM, m,, = 10 GeV 116 1

2000 ; = “tan B =1 76 [ 17/my > 20% -

1500 -

1000 -

500 -
111l I 111 ‘ L1l | L1l I I I | | L1l | L1l | 1111 ‘ I

100 150 200 250 300 350 400 450 500 550 6(
m, [GeV]

tan g8

PR SR ERRI RSN O S N AR EURR BRI B
200 400 600 800 1000 1200 1400 1600 1800 2000

BN

L
-

Expected limit-(+1 &,,,)

= QObserved limit

Fim, > 20%

o
K

N

T o T
v

-

PN R R T N TN NG SN RSN
400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV]

m; [GeV]

12


https://cds.cern.ch/record/2777235
http://dx.doi.org/10.1140/epjc/s10052-020-08739-5
http://dx.doi.org/10.1140/epjc/s10052-020-08739-5
https://cds.cern.ch/record/2777235

Heavy Neutral Higgs H>h(125)h,=>ttbb arxiv:2106.1036"

er,: Signal 137 1o (13 TeV)

| fomfow wome Coeeno] ¢ First search with a heavy Higgs boson decaying

T 3
pd mzZ -l

< TTeap BERT DSk into SM h(125) and another neutral Higgs boson
L« ! = Z h,, motivated by the extended Next-MSSM
hs\\< 2000
b .

ignal

dys

/ N =

Higgs sector by one more singlet field:

9‘
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107 "r/ M= 1400 GeV (10°) ]
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Heavy neutral Higgs H>h(125)hs>ttbb (Event Display) ~ aXiv:2106.10361

CMS Experiment at the LHC, CERN
% % Data recorded: 2018-Jun-05 00:03:03 GMT T, T, final state;
2 ! Run/Event/LS: 317434 / 317344378 / 239 H

ySignaI=O'7O

i red line;

T, red cone;

A i . . . g C 8 - 5 .



http://arxiv.org/abs/2106.10361

Heavy Neutral Higgs H=>h(125)h(125)2>bbyy Aaras-conF-2021-016

Search for a narrow-width CP-even scalar particle H; ;o 125
BDT,, & BDTy;, .., for better separation the signal from BKGs; ) g
Combined BDT score is used to select events 1 TR
BDT,, = \j BDTY}‘ h l + C'% (BDTSiDEIEH T l)h Coefficients C2=1-C1 0000000000000 - h(\1t25)
Ci+C3

Major BKGs: yybb, yy+others; 1000

. . § I: I T 1T T T T 1 T T 11 T T 11 I LI | UL | L I T 1 11 T T l:
Signal extraction from m,, = 00t ATLAS Preliminary E
I goob s =13 TeV, 139 fo E
T - HH—bbyy 3
> ' ' ' X 700 —e— Observed limit (95% CL) —
8 100 ATLAS Prehmmary ¢ Data _ > 12— ; — © = o E
& Vs =13 TeV, 139 fb” I HH (SM) 3 8 B ATLAS Prellmlnary ¢ Data ] 600 % e Expected limit (95% CL) —
2 - HH->bbyy Single Higgs © L V{s=13TeV,1391b" I HH (SM) - -
; —'—1 Common Preselection -f?ygb KN) 10_— HH%bb{Y Single Higgs ] 500: \:I Expected limit+t1o -
qu: ) - m %wrh_erjerg E C = 300 eV -;r;irb i - ‘:’ Expected limit £2 ¢ .
> 10 E (] I DataDriven yj E 5 8— I yy+other jels  — 400 - =
L C -+ i Data%rcl]\aeg ﬂv 3 I_I>J C [ DataDriven 77 7| - -
B Ll e - L DataDriven j i L .
+ --- My =500 GeV 6 e300 Gev 300 -
10k o E 200 =
] e 1 100 —i

B H ] 5

o
o
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https://cds.cern.ch/record/2759683

H-2>h(125)h(125)>bbtt ArLAs-CONF-2021-030

% 10° —— Comb. Obs. — T OBS. |
g n imulation relmma +r-c| = AR [ Comb. Exp. 16 === T,4T, Exp. 3
Events categorized into T, Ty .4 & TjagThag: P 185 S ey % 5 o B0 0 T B0
BKGs: Top, Z+HF jets (MC simu.), QCD (data driven);  ; °f g8 Lol
. g 0.08- g E
Parameterized neural networks (PNNs) for hh narrow § c
resonant searches; 0-04? £ ol i
. . . . . . 0021 = E reliminar -
Simultaneous binned maximum-likelihood fit to the ok 7 ] O p ATLAS Pelray
200 400 600 800 1000 1200 1400 1600 32 - lSI—IBIT:eVI, 1|3!?fl?| L
MVA output distributions in 3 SRs and my, in Z+HF CR oV 400 600 800 1000 1200 1400 1600
m, [GeV]
Resonance (H->hh) production cross-section limits: 23 to 920 fb depending on m local (global) significance
at 1 TeV: 3.00 (2.00)
H- h(125)h(125) > 4b a1ias-cons-201-03
E 10%k gI:AfBPT'rgl\ilm;r;«:g{ ‘139‘be1 — Observed limit fe5% CL) 3
Signals: a generic spin-0 boson by 2HDM/MSSM; E Spin0 e i o)
. . 104 N
SR: 4b (2b from each Higgs) and CRs: 3b (2b/1b from Higgs) and 2b (1b & o it
from eaCh nggs)’ »:%103; A ==~ Boosted expected limit
BKGs: tt (MC simu.), multi-jets (data driven); el
Analysis divided into two complementary channels:
v’ Resolved: 4 b-jets reconstructed; o
v’ Boosted: Higgs reconstructed as large-radius jet 100} :
Limits from simultaneous likelihood fit to my,, distributions in SR only; 20 S0 100 2000 " 5000
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https://cds.cern.ch/record/2777236
https://cds.cern.ch/record/2777861

Y JR—— . ‘1|38‘fb"‘(‘13|Te‘>V:)
X- h(125)h(125) >4b  ClsPAsB2G20.004  £77E +
. . . 138 167 (13 TeV) ? L
5 200F CcMs o 4 =102 — EbSEf:’e:(gs/ o _
1 . 1 1 1 H ~ Preliminar, = . T E e xpecte %
Signal: spin-0 radion of Warped Extra Dimension (WED) R S = 1% B 1 o Exmocted
A deep neural-network-based tagger, “DeepAK8” for b- - 190 Crzompecs
jet, increased the search sensitivity by about 2.5; ;
Used the reduced mass m 4 = m;;- (m;- m) - (M -my); o s |
Results from the combination of semi-resolved and : o f _
fully-merged b-jet event categories. R me w107 g

m_, (GeV
ra (GEV) m, (GeV)

Limits from the combined 2-D binned likelihoods to m, vs m__, distributions in SRs and CRs.

X-> h(125)h(125) >bbWW*/11 CMS-PASBIGH-NL

3104?‘(;%5‘}" LRARRR R RN RN RARARE

. . . . . T E Preliminary 95% CL upper limits :
Signal: spin-0 radion of Warped Extra Dimension (WED); T oL spin0X —— Observed i
. mmme- edian expected ]

[ 68% expected

Events: 2 b-jets (from a Higgs) + 1 e/u and 2 jets (from WW?*) or 2 leptons £ i ot e
+ large missing p; (from WW* or tT) ©
Reconstruct H>WW*->¢vqq or H2> WW*/tt>& +neutrinos fully = m,,
Signals extracted using a 2-D maximum likelihood simultaneous fit of _
the m,, of H>bb and HH invariant mass distributions on both signal and s
control regions without surprise =» limits are set with assumed a ;
branching fraction of 25% to HH and an ultraviolet cutoff A, = 3 TeV

Radion (A,=3 TeV) ]

10}

107 =
:\ | I 11 1 | | 1111 ‘ 111 | ‘ 111 | | | I ‘ 11 \‘II\\‘:
1000 1500 2000 2500 3000 3500 4000 4500

m, [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-007/index.html

- —
o o
w B

95% CL limit on o(pp—X—HH) (fb)

Combination of Heavy Spin-0 Higgs H=>hh Searches

Expected and observed exclusion limits at 95% CL

CMS Higgs Summary Plots ATL-PHYS-PUB-2021-031
CMS 359 fb_1 (13Tev) Ly 1 LI I I I I 1 I 1 I 1 L II 1 I
— I I I 1 1 1 I | I l: l-l-e 5 . -1
= _ - = n . Combined 27.5—36.1 fb -
- bbiviv JHEP 1801 (2018) 054 - T 10°F ATLAS Preliminary — [P?\r;l]s.lrlitt.BBOO (2020) 135103] 3
n bbrt PLB 778 (2018) 101 | T - Vs =13TeV, 27.5—-139 b~ ___ bbbb 126139 fb? .
_____ —— bbtt JHEP 01 (2019) 051 T . Spin-0 [ATLAS-CONF-2021-035] ]
= — = X 4 ___ bbt*t (resolved) 139 fb~!
= bbbb (2+2) JHEP 08 (2018) 152 3 r 10°E A TLAG-CONE- 203 1-030] ~
~ —— bbbb (2+1, 1+1) JHEP 01 (2019) 040 7] a : bB T+ (boosted) 139 fbo-1 E
B —— bbyy PLB 788 (2018) 7 ] £ - T [JHEP 11 (2020) 163] .
o] B i

bbyy 139 fb~1

Comb. (2+2, 1+1) PRL 122, 121803 (2019) 3

= —— bb2glv arXiv:1904.04193 = 10 F ATLAS-CONF-2021-016] E
- —Observed ! -
--- Expected 10%E .
S Spin-0 = - ; ]
X i, LT - 1 K ]
- TR 7] 10 F E
§ ~~~~~~~~ | —— Observed i
[ I ! 1 ] J 0 ---- Expected ==
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-031/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

Interpretation SM Higgs ¢ and Br Measurements ATLAS-CONF-2020-027

< 14, T T T T T T ]
n n = = [ ATLAS Preliminarn — Observed, k,>0
For all measured Higgs boson production cross sections and F 1 B o
n u 10'_ [K WK 2K K pK 0K g,k 1B ,B, ] ]
branching fractions: 1 ]
» Both O(10%) upper limits of BSM branching ratio of Higgs to invisible or o ]
undetected Higgs decays, similar results from combined e
. . o 3
h125->invisible searches ATLAS-CONF-2020-052; |7
. . . 0.05 0.1 0.15 0.2 0.25 0.3 0.35
» Constrain in 2HDM parameter spaces from different models (type-l, B,
type-Il, lepton-specific & flipped). B, : Branching ratio of SM
Higgs to invisible of BSM
ATLAS Preliminary ---- SM ATLAS Preliminary ---- SM
VS =13TeV, 24.5- 139 fo~? T Dpected 95%CL VS =13TeV, 245 - 139 ot e e « U—————
my =125.09 GeV, |yy| <2.5 x  Best Fit Obs. : my =125.09 GeV, |yy| <2.5 % Best Fit Obs. : = [ ATLAS Preliminary ~—— Observed, k,>0 ]
2HDM Type-| cos(B — @) = — 0.005, tan = 0.062 2HDM Flipped cos{f — @) =0.002, tanf =25.4 g 12; 5:;132?3222\5”;3?:2; 2;81‘;2‘;:;0_
% 10! T ,:2_ 10t | X 10} KK 2K Ko KK g K :B’,B“_] *
g 8 N N ]
6 .
| S ———
2; ]
1001 10%F i Sl ! ! | ]
; 001 02 03 04 05 06
B,
B, : Branching ratio of SM
I | Higgs to undetected of BSM
10750 075 =050 =025 0.00 025 050 075 100 107100 2075 =050 —0.25 000 025 050 075 100

cos(B — a) cos(8 — a)
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https://cds.cern.ch/record/2743055
https://cds.cern.ch/record/2725733

MSSM Interpretations from SM Higgs STXS Measurements

ATLAS Preliminary [ Obs. 95% CL
1 === Exp. 95% CL
Vs =13TeV,24.5-139 b <1 Obs. 95% CL (H/A-TT)
mp =125.09 GeV, |yn| <2.5 ==+ Exp. 95% CL (H/A-TT)
125 . Obs. 95% CL (H*-tb)
60 M scenario ——- Exp. 95% CL (H*~tb)
Q AW T . :
S
50 -
40t
30F
20
10k
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1 " " " " " "
200 400 600 800 1000 1200 1400 1600 1800 2000
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o 60 ; ‘ i ‘ —
c [ S NS S
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301
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Assuming observed light Higgs from MSSM,

the MSSM signal strength:

pX (my, tan B) =

ATLAS-CONF-2020-053

o' (ma,tan B) | BX(mx, tan B)

I

Tsm

X
BSM

fit to measured STXS SM Higgs signal strength,
no significant deviation from SM =» upper limits on parameter
spaces on various MSSM scenarios

[ Obs. 95% CL
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https://cds.cern.ch/record/2743067

Brief Summary of Direct and Indirect BSM Higgs Searches
| Process/Measurements | Model | ExploredSearchArea

H:=>tb hMSSM m,,> m,and tanp < 2 or tanf > 30

H*> csorcb m,.<m,

HE 2 AWE D puw* Type-l 2HDM 100 GeV < m.*<m,and 10GeV<m,<70GeVand tanf<8

HE/HE > Wiz/Wiwz GM 200GevV<m_, (or mHﬂ) upto 3 TeV

HE: - WEW= of H** pair prod. Type-Il seesaw 200GeV<m_ <600 GeV with m,, - m,,, >=100 GeV

H& > WiW= of HFH* prod. Type-ll seesaw 200GeV<m, , <600 GeV with Im'* -m,,, | <=5GeV

A > ZH - abb (ggF and bbA) 4 diff. 2HDM 300 GeV < m, < 800 GeV, 100 GeV < m, < 700 GeV, Weak Decoupling Limit
A= ZH = #&WW (bbA) 4 diff. 2HDM 300 GeV < m, < 800 GeV, 100 GeV < my, < 700 GeV, vicinity of above WDT
H2>w Narrow Width Scalar Searches from 200 GeV to 2.5 TeV

H>ZZ-> 4&or22v Type-1/Type-ll 2HDM 200 GeV < my, < 390 GeV and tanf < 11, constrains on Higgs H coupling cos(B-a)
H2>Za=2>exx 2HDM+a 300 GeV < m, up to 2 TeV and tanp < 30 depending on Dirac DM mass

SM Higgs o and Br measurements 4 diff. 2HDM, h==h,,,  tanP <= 10, constrains on Higgs H coupling cos(B-a)
SM Higgs STXS py,, Measurements MSSM, mass h ~¥125 GeV 200 GeV < my, <400 GeV and tanf < 10 to 60 depending on scenario (used 6 scenarios)

H->h(125)hs>ttbb Next-MSSM oxB(H->h(t)h,(bb)) limits for 200 GeV < m,, < 2.4 TeV
H->h(125)h(125)->bbyy Narrow Width Scalar oxB(H->hh) limits for 200 GeV < m, < 1.0 TeV
H->h(125)h(125)->bbtt/4b 2HDM/MSSM/WED oxB(H->hh) limits for 200 GeV < m,, < 1.6/3.0 TeV

X=> h(125)h(125) >bbWW*/bbtt WED oxB(H->hh) limits for 200 GeV < my, <4.5 TeV



Conclusion

ATLAS & CMS searched for signature of BMS Higgs boson neutral or

charged including heavy Higgs boson decays to hh (or similar) from
different BSM theory models;

Multivariable analysis enhances new physics searching sensitivities;
No deviation is observed from the SM background predictions

New experiment techniques together with future Run 3 data will give us
many new exciting results with potential new physics discovery.

Thank you!!!
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Events / 0.1

Data / Pred.

Light Charged Higgs (mHi<mt): H*->cb, Post-fit m 130 GeV

The post-fit H* signal for m ,.=130 GeV, ared histogram with the best-fit
branching fraction of 0.16%’.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/

Heavy Neutral Higgs H = yy arXiv:2102.13405

Require at least 2 photons (fulfilling tight identification criteria) with E; > 22 GeV and |n| < 2.37,
excluding the barrel-to-endcap transition regions of the calorimeter, 1.37 < |n| < 1.52.

Signals: narrow width approximation (NWA) modeled by a double-sided Crystal Ball function (DSCB);
BKG template by using Yy MC events and by fitting to y+jet events from data of control region;
No significant deviation from SM predictions.

T I T T T T I T T T T I T T T T
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https://arxiv.org/abs/2102.13405

B(H— Z7) [pb]

—_
o

-
<
r

95% CL limits on o, x

—
b
w

Heavy Neutral Higgs H 2 ZZ = 4¢or 2¢ 2v

Eur. Phys. J. C 81 (2021) 332

50<m,,<106 & 50<m,,<115 for 4¢ events, 76<m <115 for 22v events; LT T
Two classifiers (ggF & VBF) of Deep neural networks (DNN) to improve the g "7 srwmio™ o Jrioa

B
U tainty —
neSMANY 50 x obs. limit

sensitivity Narrow Width Approximation (NWA) Higgs boson from ggF;
Categorized events into 5 groups for 4¢, 4 groups for 222v;

No significant deviation from SM predictions = upper limits on
oxBr(H—=>ZZ) with different Higgs width & type-I/type-Il 2HDM
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https://link.springer.com/article/10.1140/epjc/s10052-021-09013-y

Scenarios light MSSM Higgs Mass ~125 GeV Eu-Fhys.J.C 79 (2019)617

Eur. Phys. J. C 79 (2019) 279
M,ll25 scenario: all superparticles heavy = mildly affect on production and decays of MSSM Higgs
by their presence;

M,llzs()?) scenario: relative light charginos and neutralinos with significant higgsino-gaugino mixing
=>» affecting the decays of the heavier Higgs bosons, weakening the H/A - tt, as well as the SM-like
Higgs boson to photons;

M,llzs(%) scenario: light staus and light gaugino-like charginos and neutralinos = affecting the
decays of the heavier Higgs bosons, as well as the SM-like Higgs boson to photons;
M,llzs(alignment) scenario: “alignment without decoupling”, SM-like couplings for one of the two
neutral CP-even scalars Higgs at a given tanf3

M}lﬁgsFT scenario: adjust the sfermion mass scale M, from 6 to 10° TeV to achieve a 125 GeV
Higgs and all superparticles heavy = mildly affect on production and decays of MSSM Higgs by
their presence. The SUSY contribution to the Higgs properties is calculated with an effective field
theory (EFT);

M}l’%;SFT()Y) scenario: adjust the sfermion mass scale M5, from 6 to 10%° TeV to achieve a 125 GeV

Higgs and relative light charginos and neutralinos. The SUSY contribution to the Higgs properties is
calculated with an effective field theory (EFT);
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https://link.springer.com/article/10.1140/epjc/s10052-019-7114-8
https://link.springer.com/article/10.1140/epjc/s10052-019-6770-z
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