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CMs.

= Rare Higgs Decays & Production

ATLAS

EXPERIMENT

- Rare Decays
« H — Zy: ATLAS + CMS Combination HIG-23-002 MY
H — cc: CMS HIG-21-008 + HIG-21-012; ATLAS HIGG-2021-12
H — pp: CMS HIG-19-006; ATLAS HIGG-2019-14
H — ee/en: CMS HIG-21-015; ATLAS HIGG-2018-58
H — et, ut: ATLAS HIGG-2019-11
H — quarkonia: CMS HIG-20-008; ATLAS ATL-PHYS-PUB-2023-004

 Rare Production
* yH: CMS SMP-22-006 NEW

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 2



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-58/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-11/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-008/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-004/

£ ATLAS + CMS H — Zy B

ATLAS

EXPERIMENT

Production: gluon fusion & VBF

7 7
Expected BR: ~1.5 x 10-3 q W W
H— Zy, like H - yy,ispurely loop " "0 " Ta" H{:}{i
induced, and thus sensitive to new Wy
Y Y

physics

Analysis strategy:

« Z decays to e or u pairs with m;, > 50 GeV; provides clean signature and good
mass resolution

« Dominant backgrounds from DY + ISR y and DY + jets

- Events are categorized & simultaneous S+B fits to mz, across categories
ATLAS-CONF-2023-025 & CMS HIG-23-002
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HIGG-2018-42
(Phys. Lett. B 809

(2020) 135754)

HIG-19-004
(Accepted for JHEP)

Weighted events / GeV

W
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Data - Bkg

ATLAS + CMS H — Zy
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- ATLAS and CMS Preliminary .
L LHC Run 2 ¢ Data B
B —— Signal + background .
:_ ---- Background _:
:0- I L1 1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I -0:
115 120 125 130 135 140 145

mz, [GeV]

ATLAS-CONF-2023-025 & CMS HIG-23-002
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-014/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-42/
https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub

£

LAS

EXPERIMENT

* Observed (expected)
signal yield is 2.2 £ 0.7
(1.0 £0.6) x SM

 B(H—Zy) is measured
tobe (3.4 +1.1) x 103,
in agreement within 1.9
standard deviations of
the SM prediction

* First evidence for
H—Zy, with statistical
significance of 3.4
standard deviations

24/05/23

CMs.

14|
12F

10}

ATLAS + CMS H — Zy
< 20_ L L '.'.' T T
% 18;fH7éLF;:f2and CMS Preliminary — __ o .o ;
161 — CMs e
- — ATLAS E

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023
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ATLAS-CONF-2023-025 & CMS HIG-23-002




ATLAS

EXPERIMENT
Run: 359678
Event: 1771675269
2018-09-02 06:06:47 CEST

Y7,




£

ATLAS

EXPERIMENT

CMS H — cc

* Production: with W/Z decaying leptonically

« Expected BR: ~3%
 Two regimes:

* Low momentum: resolved charm quark jets
« Boosted (pr > 300 GeV): merged, single jet
* Novel charm jet identification and analysis

methods using ML (GNN)

 Validated by searching for Z — cc in VZ

events

arXiv:2205.05550 (Accepted by PRL)

24/05/23

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

Low
Momentum
Regime

" P

High
Momentum (Boosted)
Regime

p /
Wy 2

CMs.



https://arxiv.org/abs/2205.05550

) CMSH-— >
CC
EXPERIMENT 9
(13 TeV) 138 fb™' (13 TeV)
. - (2} PR L L B I B
O B c N MS —4— Observed B VH(H-cc), u=7.7 _|
GC) K CMS DeepAK15 % 1000F [ z+jets [ Wijets a
= B . . . — Merged-jet [t Il single top N
) 1 3 anti-kT R=1.5jets -g) - S/(S+B) weighted [ ] vz(z—bb) B VH(H->bb) i
'g - o) B &% B uncertainty ]
o i o - i
2 & B i
S 10 g = — =
8 " F & ‘0 i
m : % + + :
i 200 —
i ] ]
o R _‘_'__'_‘_‘—|_
10°F: .~ 0 = -
R _ 100 B B subtracted |
A H—cC vs. H—>bb 50 —
10°2 _{ — H—cC vs. V+jets 0 , ‘‘‘‘‘ |
;_ 1 1 1 | 1 1 | 1 1 1 | 1 1 1 _50 I ! ! ! ! \+ !

0 0.2 0.4 0.6 0.8 1 60 80 100 120 140 160 180 200

Signal efficiency Higgs boson candidate mass [GeV]
24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 arXiv:2205.05550 (Accepted by PRL) 8


https://arxiv.org/abs/2205.05550

£ CMS H — cc

ATLAS

EXPERIMENT

138 fb™' (13 TeV)
LI I B I L LN BN N

» Observed (expected) upper limit CMs ~ —Opsemed . Medan oxpected
on O(VH) B(H—)CC) |S o 95% expected |

0.94 (0.50%9:42) pb at 95% CL

Observed 14.4

« Corresponding to 14 (7.6753) x SM ~ tesediet

» For Higgs-charm Yukawa coupling Ecor 105
modifier (x,), observed (expected) o
95% CL interval is 1.1 < [x.|< 5.5 Omenea 03 ||
(.| < 3.4) B e 115

Observed 19.1

2L

* Most stringent constraint to date s

Observed 20.4

0

95% CL limit on Mo

H — cT)

arXiv:2205.05550 (Accepted by PRL)

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 9



https://arxiv.org/abs/2205.05550

A@é CMS (More) Boosted H — cc &

EXPERIMENT

CMS 138 fb-!, (13 TeV)

« Boosted H—cc reconstructed as a 512900 ssocprcimocey 4+ Dam | mm W) |

single large-radius jet PR oot =206 - e -

g i Z(qq_) Other |

* |dentified using a deep neural network  * eoef e e

charm tagging technique 6x10°]- b2 =10 Whioa =94
 Validated by measurement of Z—-cc, 4107
observed with signal strength of: 2ct0o]

1.00+017 (syst) & 0.08 (theo) + e T

0.06 (Stat) 4 %10; . e unc-é

« Observed (expected) upper limit i e r et

on O'(H) B(H—>CC) iS 47 (39) X SM 4060 B0 100 120 140 160 180 200

Jet mgp [GeV]

arXiv:2211.14181 (Accepted by PRL)
24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 10



http://arxiv.org/abs/2211.14181

£

TLAS

EXPERIMENT

24/05/23

ATLAS H — cc

 Validated with simultaneous
measurement of WW, WZ, ZZ production

» Observed (expected) upper limit on
(W/Z)Z(—cc) is 2.6 (2.2) standard
deviations above background-only
prediction and for (W/Z)W(—cq) 3.8 (4.6)

« (W/Z)H(—cc) search yields observed
(expected) upper limit of 26 (31) x SM

» For Higgs-charm Yukawa coupling
modifier (x.), observed (expected)

constraint is |«.|< 8.5 (12.4) at 95% CL

0 lepton
Exp.= 40 x SM
Obs.= 35 x SM

1 lepton
Exp.= 60 x SM
Obs.= 50 x SM

2 lepton

Exp.=51x SM
Obs.= 49 x SM

Combination
Exp.=31x SM
Obs.= 26 x SM

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100

cMs,

ATLAS - 1o

Vs=13 TeV, 139 fb”" CJ+2
o mmeee Expected
VH,H—ct —— Observed

95% CL limit on H,

H(ct)

Eur. Phys. J. C 82 (2022) 717
11



https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3
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ATLAS H— cc
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'ATLAé

- Data =
r {s=13TeV, 139 fb” Il VH(—> cT) (u=-9) ]
L 0+1+2 leptons B VZ(— cc) (u=1.16)

1 c-tag, All SR

VW(- cq) (1=0.83) -
B-only uncertainty |
— SM VH(>> ct) x 26

. —

100 120

140 160 180 200

m,; [GeV]

Events after B-subtraction / 10 GeV

300 LA L L B L
: ATLAé —e— Data n
L {s=13TeV, 139 fb”' Il VH(> cT) (n=-9)
2501 4,142 leptons B VZ(> cB) (u=1.16) ]
C 2c-tag, All SR VW(- cq) (1=0.83) ]
200~ B-only uncertainty —
- — SM VH(-> ct) x 26 1
1501~ + -
100(~ -

0

-50

50

VY

140 160 180 200
m [GeV]

T TR
60 80

100 120

Post-fit m_. distribution summed over all signal regions after subtracting

backgrounds, leaving only the VH(— cc ), VW(— ¢q), VZ(— cc)
processes, for events with (left) one c-tag and (right) two c-tags

24/05/23

Eur. Phys. J. C 82 (2022) 717

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

12



https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3

L

EXPERIMENT

« Combination with the

ATLAS (W/Z)H—bb analysis,
allowing the ratio «_/x, to be

constrained without assumptions
about width of the Higgs boson

* |k./x,| < 4.5 at 95% CL, smaller than

the ratio of the b- and c-quark
masses

« Determines the Higgs-charm coupling
to be weaker than the Higgs-bottom
coupling at 95% CL

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

) ATLAS H — cc

CMs.

[ T T T { T T T T { T T T { T T T { T T T { T T T

- ATLAS ---- Expected

F Vs=13TeV, 139 fb” Observed 7

- VH, H — bb/ct S AN 1
| | LY L 4 |

-8 ) —4 -2 0 2 4

Eur. Phys. J. C 82 (2022) 717



https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3

E

£

L

XPERIMENT

CMS H - uu > 4

* Production: gluon fusion & VBF

- Expected BR:2.17 x 10
« Analysis strategy:

24/05/23

Indistinguishable DY background
with signal to background = 10-3

Background modeling essential to
search for narrow mass peak

Multiple categories based on
production processes

VBF uses DNN

137 fb™ (13 TeV)

>
q) - -
(5800_ CMS ¢ Data ]
Z: 700F  All categories — S+B (u=1.19)
§ oof. S/(S+B) weighted ... Bkg. component ]
| m,, = 125.38 GeV - +16 3
8 soof [J+20 ]
< ]
2 400F
g -
— 300F
o)
+
) 200
= f
o
100
O-I|||I||||I||||||||||||||I||||I||||I||||-
. |||||||||||||||||||||||||||||||||||||||
% 5
Gy + + p 4
g 0
©
O_5|||||||||||||||||||||||||||||||||||||||
110 115 120 125 130 135 140 145 150
m,, (GeV)

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 JHEP 01 (2021) 148 14



https://link.springer.com/article/10.1007/JHEP01(2021)148

) CMS H — up

137 b (13 TeV)

——— — CMS 138 o™ (13 TeV)
> CT T T T T ]
CMS Combined [ =1.19% 1 S |D 1E m=125.38 Gev wz. o]
. - : e ]
i - e
B —— Combined bestfit p | v i Nature 607 (2022) 60-68
VBF-cat. | n=1367" - - - - SM expectation 5 107'F ’ E
' I 68% CL £l
B o, 7] i b .
H-cat =0.63"% e o “ 02t A E
ggh-cat. | n=063,, my, = 125.38 GeV -9
- | f Vector bosons
B ¢ 3 generation fermions |
fiH-cat. | n=23272 10°Fu . . T
’ E ’," i 2 generation fermions ]
B 1 SM Higgs boson
_ +3.10 .
VH-cat. n=548"" = 104 =
| | = 14 LR T T i ™
ig ::g-} + 1.05f H -
0 A W P . 5 3
"g 8l * 0.95F L
[ ! Ll ! g 08f ' E
-4 -2 0 4 6 8 B U P —
i 107 1 10 10?
Best-fit u Particle mass (GeV)

« Measured signal strength, relative to SM: 1.197939 (stat) 313 (syst)
 First evidence for H — uu: 3.06 (2.50) observed (expected)

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 JHEP 01 (2021) 148

VY
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https://www.nature.com/articles/s41586-022-04892-x
https://link.springer.com/article/10.1007/JHEP01(2021)148

ATLAS H — upu
EXPERIMENT

> 700 __" R D L B "__ | T T T T I T T T T I T T T T I T T T T T T T T I T T T T
& . ATLAS -+-Data ; ATLAS (s=13TeV, 139 fo" H -
N B00F- {s=13TeV, 139 b —ooalpdl e Total msyst. | Total Stat. Syst
a = . — Signa 3 otal Stat. yst. SM ota at.  Syst.
% 500F H — uy, In(1 + S/B) weighted Blgg. pcﬁ =
il 4005_ _f VH and ttH categories —=e—=— 50 £35 ( £33, £1.1)
© - -
g 300 = ggF O-jet categories —@—] 0.4 £1.6 ( +15, +0.3)
(@] - -
S 200 — ) .
= - 3 ggF 1-jet categories = 24 +12 ( £1.2, £0.3)

100 —

E - ggF 2-jet categories e 06 £1.2 ( +1.2, +£0.3)
)
5 VBF categories }|—§—i 18 £1.0 ( £1.0, £0.2)
g Ll A T A | Combined H 12406 (06, 07 )
D | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |
110 115 120 125 130 135 140 145 150 155 160 -10 -5 0 5 10 15 20

m,,, [GeV]

Signal strength

» Observed upper limit on the ¢ x B for pp —» H — pyp: 2.2 x SM at 95% CL
 Best-fit signal strength: ©t=1.2 + 0.6

« Observed (expected) significance: 2.0c (1.70)

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

(Phys. Lett. B 812 (2021) 135980)
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https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub

£

LAS

EXPERIMENT

- Expected BR: ~5 x 10-°

« ATLAS & CMS searches currently provide
the only direct probe of Higgs Yukawa
coupling to electrons, which is enhanced in
several BSM scenarios; indirect probes

from EDM, etc.

CMS H — ee

* Production: gluon fusion & VBF

Fraction of events / 0.5 GeV

« Analysis strategy: similar to H—yy
« MVA-based classifiers to reduce background
 Classifiers are used to define categories

« Maximum likelihood fit performed to m,,
distribution in each category simultaneously

24/05/23

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023
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B + Simulation
— model

-==- 2016: o, = 1.55 GeV

L 2017: 6,,=1.72 GeV

arXiv:2208.00265 (Accepted by PLB)
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http://arxiv.org/abs/2208.00265
https://link.springer.com/article/10.1007/JHEP05(2015)125

) CMS H — ee

XPERIMENT

CMS 138 fb (13 TeV) CMS 138 fb™ (13 TeV)
> 500_' T T | T 1T | T 1T | T 1T | T 1T | llllllllllll > T T | T 1T | T 1T | T 1T | T 1T | LN | T 1T | T 1T
& _H—>ee m,=12538GeV ¢ pgy : 8 50[—H — e'e’, m, = 125.38 GeV i Data -
T 400 99H Tago —— S+Bit b T [ VBFTago —— S+Bit .
2} B N 40— —
c a9 B component tc 5 B component E
q>) B B(H->e'e)=30x10" . g B B(H—>e*e)=30x10" .
W 300 i — 1w : ]

- +1o 7 s

-i1c5 =
|:|i2<5 7

|:|i26

200 -

100 |-

T
B component subtracted 3

12% L %l LlTlT; ;

T =
Erovoo o Lo Lo Lo Lo Lo Loy
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150

M, (GeV) M, (GeV)

Signal-plus-background model fit to m,, distribution for the highest S/B
categories targeting the ggH (left) and VBF (right) processes

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 arXiv:2208.00265 (Accepted by PLB) 18
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http://arxiv.org/abs/2208.00265

£

ATLAS

EXPERIMENT

* Observed (expected)
upper limit on B(H—ee)
is 3.0 x 1074 (3.0 x 10-4)
at the 95% CL

* Most stringent limit on
this branching fraction
to date

24/05/23

CMS H — ee

CMS

0.5

cMs,

138 b (13 TeV)
T ]

0.4
0.3

02

95% CL limit on B(H — ete™) (%)

01

I | T I
my = 125.38 GeV Bl 68% expected
Bobs (H N e+e_) -3.0 x 104 95% expected
Bexp(H — e+e_) : 3.0 x 10-4

-— Median expected
- Observed

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

0«\‘6\(\66 %? ,\3(},0 %? «ag‘\
€) N N

Analysis category

arXiv:2208.00265 (Accepted by PLB) 49



http://arxiv.org/abs/2208.00265

&) ATLAS H — ee, ep >.

EXPERIMENT

» Observed g T oivrevimn | 8 Faras oo 1aTeV, 120 10" -
(expected) 5 wi Hoee ¢ o 1% " Hoep o= :
pperlimits at & N Tt f e T e
95% CL: : '
 B(H—ee):

3.6 x 10
(3.5 x 107%)

« B(H—ep): = MH R ETR TS B §§§++++ A i
60 %105 & Oj i H e map g
(5.8 X 10—5) 5010 10 115 120 125 130 135 140 145 150 155 '1'?30 _610 1:_'0' 115120 125 130 135 140 145 150 '1'[%5' '\1/';50

Mee [GEV] Mg, 1€

Phys. Lett. B 801 (2020) 135148

24/05/23 Toyoko Orimoto, Rare Higgs Decays @ LHCP2023 20



https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub

) ATLAS H — er, urt

L

EXPERIMENT

—_
o

« Lepton flavor violating decays § 10°F atias T
. g 1o V5 =13Tev, 138 10" L Uneoriny
* Analysis strategy: 8 F e = G
e 5 f non-VBF, postfit Htie[”ey it
« MVA-based classifiers to reduce 1o =1 55900
background 12

« Two background estimation
techniques:

1) MC-template method, based on

data-corrected simulation
samples; BDT

—_
o

—
o
ol
I
l

—
o
o
[ ]
)
[
[ ]
)
[ ]
——

PR
o o,

Data—Bkg Data / Pred.
N o
3

2) Symmetry method, exploiting the
symmetry between e & pin SM 0 0.05 0.25 0.54 0.74 0.64 0.69 092 094 0.95 056 1
backgrounds; NN i score

|
N
o
o

arXiv:2302.05225 1
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https://arxiv.org/abs/2302.05225

EX

£

L

PERIMENT
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0.22 Eobs;
et +ut,
0.16 (exp)
0.29 (obs)
ETpagtUT,
0.10 (exp)
0.18 (obs)
et+ut

038 (58%)
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Best-fit B(H—ut)-B(H—eT)

24/05/23
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= (0.25 £ 0.10)%, compatible with zero within 2.50

arXiv:2302.05225 50



https://arxiv.org/abs/2302.05225

) CMS H — quarkonia

L

EXPERIMENT

* H—-> ZJAp — 4 leptons

« B(H — Z JAp) = 2.3 x 10-6: B(H — Z(2S)) = 1.7 x 106
* H&Z—-> JpJporYY

« B(H — JAip Jip) = 1.5 x 10-10: B(H — YY) = 2 x 109

« Also search for Higgs or Z decays where, before
decaying into muon pairs, one or both J/ip could be the
result of an inclusive y(2S) to J/y transition

* Y (nS)(n=1,2) mesons could be the result of inclusive
transitions from Y (nS)(n=2,3)

* New physics could affect the direct boson couplings or
could enter through loops and enhance the BF wrt SM

CMs.
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CMS H — quarkonia

CMs.

Process Observed Expected Observed

Higgs boson channel = Longitudinal = Longitudinal =~ Unpolarized Transverse
B(H — ZJ /i) 19x107%  (267}1) x107®  24x107% 28x1073
B(H — Zy(2S)) 6.6 x107%  (71%28)x107®  83x10% 94x107°
B(H — J/¥]/v) 38x107%  (46%39)x107*  47x107* 52x10°*
B(H — ¢(29)]/¢) 21x107% (1479 x103  26x10% 29x10°°
B(H — 9(2S)9(2S)) 30x107%  (33%)3)x1073  36x107% 47x10°°
BH — Y(nS)Y(mS)) 35x107* (3.6%93)x107*  43x107* 46x107*
B(H — Y(15)Y(1S)) 17x107%  (1.7007) x1073  20x10°% 22x1073
Z boson channel

B(Z — J/¥]/9) 11x1077  (95738) x 1077 14x1077 16 x 1077
B(Z = Y(nS)Y(mS)) 39x1077 (40%33)x1077  49x1077 56x1077
B(Z — Y(1S)Y(1S)) 1.8x107°  (1.8M07) x107®  22x107° 24x10°°

« Observed upper limit branching fraction for H — Z J/{ is ~ 800 x SM

For H— Y (nS)

24/05/23

Toyoko Orimoto, Rare Higgs Decays @ LHCP2023

Y (mS), upper limit is ~O(10) x earlier SM predictions
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£

EXPERIMENT

* H(Z) —» My, M =]Jhp, P(2S),
Y (1S, 2S, 3S), ¢, p, w

* These radiative decays have a
distinct experimental signature,
which helps suppress the large
multi-jet backgrounds that
affect direct H — gqq searches

« Summary of 3 results:
« H(Z)»wy & H—K*y: HDBS-2019-33

* H(Z)—Qy: HDBS-2018-53
* H(Z)— ¢y & py: HIGG-2016-13

24/05/23
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CMs.
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E

@ CMS yH Production

XPERIMENT

* Production: yH, with H-WW

« WWy analysis, extended to include yH
 Sensitive to Higgs coupling to light quarks

- Analysis strategy:

CMs.

« Similar to WWy, but targets Higgs characteristics by requiring Ap, < 2.5,
AR// < 23, and AR/Y > 0.8

 Profile likelihood ratio test statistic is built in bins of AR,and m{WW

Process

0up Pb exp.(obs.) Yukawa couplings limits exp.(obs.)

uu > H+v7 —euy
dd - H+vy —euy
ss - H+vy —euy
cc—>H+vy —=euy

0.067 (0.085)
0.058 (0.072)
0.049 (0.068)
0.067 (0.087)

%, | <13000 (16000)
|4 <14000 (17000)
|| <1300 (1700)
.| <110 (200)

CMS-SMP-22-006
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chs, !
@ Summary

EXPERIMENT

Data recorded: 2017-Aug-05 13:32:22.028928 GMT
Run / Event / LS: 300515 / 205888132 / 117

essential to LHC physics program

« ATLAS & CMS are making impressive
progress in rare Higgs

« Improvements not only come from a
larger data set, but also from using
innovative analysis techniques

* Run 3 will consolidate the evidence in
some decay channels and will bring
further improvement in sensitivity

 Studies of rare Higgs decays are % CMS Experiment at the LHC, CERN

“Searches for BSM scalars” -- ATLAS: Nicholas Kyriacou; CMS: Ram Krishna Sharma
“Exotic production & decays of the 125 GeV Higgs” -- ATLAS: Rocky Bala Garg; CMS: Pallabi Das
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Analysis Experiment Reference Obs (Exp) 95% CL
ATLAS-CONF-2023-025 & CMS n=22=+0.7 (1.0 +£0.6) x SM
H— Zy ATLAS + CMS HIG-23-002 B(H—Zy) = (3.4 + 1.1) x 103, within 1.95 of SM
CMS Eur. Phys. J. C 82 (2022) 717 (1).(1\/:|)|2|(|-<|_E:.050)2|1j gggig) x SM
H — cc CMS arXiv:2211.14181 (Accepted by PRL) o(VH) B(H—-cc): 47 (39) x SM
(W/Z)H(—cc): 26 (31) x SM
ATLAS Eur. Phys. J. C 82 (2022) 717 k.| < 8.5 (12.4)
H — pu: 3.06 (2.50)
CMS JHEP 01 (2021) 148
H o up M =1.192339 (stat) £§13 (syst)
H — pp: 2.06 (1.70)
ATLAS (Phys. Lett. B 812 (2021) 135980) U=12+06
CMS arXiv:2208.00265 (Accepted by PLB) B(H—ee) <3.0 x 104(3.0 x 104)
H — ee, eu B(H—> _4 —4
ee)<3.6 x10%(3.5x 10
ATLAS Phys. Lett. B 801 (2020) 135148 B(H—eyl) < 6.2 x 105 (5.8 x 10-9)
. B(H—eT) < 0.20% (0.12%) & B(H—pT) < 0.18% (0.09%)
H—er, ut ATLAS ariv:2302.05225 B(H—p1)-B(H—eT) = (0.25 + 0.10)%
N H — ZJ/p < ~ 800 x SM
H  quarkonia CMS arXiv:2206.03525 (Accepted by PLB) H —» 7(nS) Y(mS) < ~0(10) x SM
ATLAS ATL-PHYS-PUB-2023-004 See table
Ix,] = 13000 (16000)
YH CMS CMS-SMP-22-006 Ix4l = 14000 (17000)

Ik < 1300 (1700)
k] <110 (200)
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