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Overview

»The Higgs boson, H, couples to fermions via Yukawa couplings, y; v = 246 GeV

o In the SM these are proportional to fermion mass, my: f 10°
vy = ?\E [ —
* Predicts fermion interactions, but doesn’t explain the mass hierarchy f _ 0
* Deviations of yr from SM predictions could provide hints to new physics %
o H couplings to 37 generation fermions have been established experimentally BRSM oo ~ 1074 % 1
« 2nd generation is the next frontier §
» ATLAS has several analyses investigating H decays to 2" S 107!
generation fermions, and other rare H decay modes: L%L.E;
oH—-utuy~andH - ete” L0
o H — c¢c via the VH production mode
o Exclusive H decays to a meson and a photon, including H = J/Y y
oH-yy* > ¢ yandH » Zy » £ty /7\ = 107
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Search for H —» u* u~: 139 fb'l Analysis Strategy

»H — p*u~ directly probes the magnitude of y,

o BRM , _ = (2.17 4+ 0.04) x 10~ o
H-outu~ . - 10}

o Most promising 2" generation decay to observe at the LHC 102}

> Use single muon triggers o7
c 1.0

» Categorise events according to H production mode 2075
(ttH, VH, VBF, and ggF) g 05

o Divide production modes into sub-categories using %0-25
process-specific boosted decision trees c 10
o S/B between 120 — 130 GeV ranges from < 0.1% to 18% ':2;0-75-
* 0.2% inclusive § 0.5}
o Signal resolution = 2% in total 2 0.25]

» Model main Drell-Yan background with LO DY line- o

shape X empirical functions constrained in data

Phys. Lett. B 812 (2021) 135980
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Search for H —» u* u~: 139 fb'l Analysis Results

rrrpre e p e e e e e p e e perrerp e preerprrt T M M M : : + -
5 7O ATl " Datz E » Binned (0.1 GeV) likelihood fit in m(u*u™) between
o 600 \Vs=13TeV,139fb" —'Sl'otal ||od;f — 110 — 160 GeV
5 - . — Signal p =
2 H , In(1 + S/B) weighted — .
5 S00ER 11 = Hi In(l + S/B) welg -~ Bkg. pdf E » Observed (expected) signal:
o 400 =
= = o 2.00 (1.70
2 s00= = (1.70)
§ 200E- = » Observed (expected with SM) 95% CL upper limit:
1005 = o BRH-» utu™) <4.72.4)x107*=2.2(2.0) x SM
) = =
B NN L L L L L BN BN
B ATLAS Vs=13TeV, 139fb" H — pp
g e Total Stat. M Syst. | SMm Total Stat. Syst.
110 115 120 125 130 135 140 145 150 155 160 VH and ttH categories } —— | 50 +35 ( £33, £1.1)
Phys. Lett. B 812 (2021) 135980 M [GeV] ggF O-jet categories —@— 04 +16 (+15, +0.3)
» Uncertainty on signal strength dominated by statistics ooF 1-jet categories — 24 £12 (£12,£03)
o Main systematics are signal theory uncertainties fg},g) and ggF 2-jet categories |—@—| 06 +12 (12, £03)
spurious-signal uncertainties (+0.1) .
VBF categories = 18 +1.0 ( +1.0, £0.2)
» Improvement of a factor 2.5 compared to 36.1 fb* ATLAS result Combined JH 12 +06 (£06, 02
o Factor of 2 from larger dataset, and an additional 25% from refined S T e e L DU

| 1 [ I R
-10 -5 0 5 10 15 20

event categorisation and improved background modelling Signal strength
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Search for H - e e™: 139 fb'1 Analysis Overview

Phys. Lett. B 801 (2020) 135148

»H — e*e™ directly probes the magnitude of y,

10°
SM 9 100§—Il]]llIIIIlllllIIIIIIll]llIl]lllllllllllll]]lll—l—
o BR _~ 10" >
Hoe'e N 3 - ATLAS (s =13 TeV, 139 fb
-1 - ~
» Analysis strategy based on 36.1 fb*H — u™u 2 sl + Daa
analysis” =
- e — Background model
o Main background from DY process - 60 —— Signal B(H— ee)=2%

o Binned likelihood fit to m(e*te™) between
110 — 160 GeV

» Observed (expected) limits @ 95% CL:
o BRy_,,+,- < 3.6 (3.5) x 10~*
»Include search for lepton flavour violating decay
H - eu
o DY background significantly reduced
0 BRyoey < 6.2(5.9) x 107

Data - fit
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‘Phys. Rev. Lett. 119 (2017) 051802 Mee [GEV]
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Search for VH(— cc): 139 fb'! Analysis Strategy

» H — cc directly probes the magnitude of y, L/ v)

o BRM .z = (2.88%339)%, where BR)™ - ~ 20 x BR3M o

» Target VH (- cc); validate method with VW (= cq) and VZ (- ccC)
o Better S/B compared to inclusive H production, especially at high p¥

v/(l,v)

o Split into three channels:

> LA I O B B B T > I T T T T T > T T T T T
@ —e— Data - @ —e— Data . @ —e— Data -
S 400 ATLAS — Signal + Background ] S ATLAS — Signal + Background o] ATLAS — Signal + Background
= \s =13 TeV, 139 fo™ B VZ(-> cF) (1=1.16) ] = s =13 TeV, 139 fo”' B VZ(— cF) (u=1.16) - 0 \s =13 TeV, 139 fo™ B VZ(— cF) (u=1.16) = .
- ' 1 VW ca) (120.89) hy . [ VW(o cq) (1=0.83) hy ; VW cq) (1=0.83) X : 2 2 O 1 1 142 8
» 350 Ofep!:n, 2 jets, 2 c-tags WV Bkg » Hep!:n, 2 jets, 2 c-tags 1opfother) E » 2fep!:n, 2 jets, 2 c-tags VW Bkg B a r IV . .
10:J SR, Pz 150 GeV top(other) 10:J SR, Pz 150 GeV top(b) = 10:J SR, Pz 150 GeV B Z+hi -
> tap(b) .| > multi-jet + other = > o Zemf ]
w . Wehf - w - Wahf — w Z40f B I I L e R B B E B R R B I B
Wamf Wamt . tt+ others — -
ot — Walf = . VH( > bb) 0.4 ATLAS 4
[ . VH(— bB) E Uncerainty oo - Vs=13 TeV, 80.5-139 fb
o Z+mf . [] Uncertainty A —_— — ¢T) - ] . . i
zon ] — SMVH( ¢B) x 300 0.35F VH, H— ¢T 27% c-tagging efficiency working point
B VH(— bb) -

- DL1, c-tag + MV2 b-tag veto
—c-jets —b-jets —light-jets

] Uncertainty
— SM VH(- c©) = 300

L

15 T

Data c-tagging efficiency = total uncertainty

-8' 15:—' T T T = -8 E T : ‘ ™ -8 15:—' | LA AL B L DL ||' T \—:
Y +H+ | : 1é+++++++-++ ++ JF B P bkl
@ 05E.1. L P R @ 05E.1. [ IR | @ 05E. 1 . . ..‘\...\‘_+._|H‘|.H\—'
o 80 BU 100 120 140 160 130 200 o 80 BO 100 120 140 160 WBU 200 o 60 80 100 120 140 160 180
m,, [GeV] m,, [GeV] m,, [GeV]
O-lepton: Z(—= vv)H (- ccC) 1-!epton: W(- {)'V)H(* cC) 2-lepton: Z(— ¢€)H (- cC) = 00 oo 500 550
Missing E triggers Missing Et and single lepton Single lepton triggers jot p_[GeV]

triggers

. . . . . See talk on flavour
» Use an optimised c-jet tagger in event selection with a b-tag veto

tagging by A. Chisholm

o Analysis is conceptually similar to VH(— bb) with an orthogonal selection
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Search for VH(— cc): 139 fb! Analysis Results

3500;I|A-I'-LA\§ 1T | LI ‘ 1T |_.\_\D\at|a\ T | L ‘ : 300:—1 ‘A-llr‘lAlé T T ‘ T T | L ‘_.I_IDIatIaI T ‘ 1T | : > Observed (expected) SIgnIfICanCeSl
- Vs=13TeV, 139 10" Il VH(— ct) (u=-9) ] ~ {s=13TeV, 139 10" Il VH(— cT) (u=-9) ]

30000 *1+2 leptons -VZ(:cE)(u=1-16) 3 250; 0+1+2 leptons -VZ(:cE)(u=1.16) E » 3.80 (460' ) for VW(CC[)
© 1c-tag, All SR I VW(— cq) (u=0.83) 1 - 2c-tag, All SR [ VW(— cq) (1=0.83) - —
C e K B-only uncertainty 200:— i X B-only uncertainty - > 2.60- (2.20-) fOI’ VZ(CC)

— SM VH(— ctT) x 26 = SM VH(— ct) x 26

150F

» Observed (expected) limit:
> BRy_.c < 26 (31) X SM @ 95% CL
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5001 1
ATLAS e
-50 . \s=13 TeV, 139 fb” [ 1£2
o b b v b v b o | vl b b b b b b g 107 VHHsec = Expected
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200 ,H—>¢cC —— Observed
m,; [GeV] melGev] . [ A s
- | U . cip” 50
» Statistical and systematic uncertainties similar in magnitude Ops-d5xsM |
o Main systematics from the background modelling, dominated by e s
Z + jets, followed by statistics of simulated samples Obs= 0 sM | e
. 2 lepton
» Factor 5 improvement compared to 36.1 fb! result Exp.= 51 SM
o Better flavour tagging gives 36% improvement (43% improvement  copiaion| B0
with new 2-lepton signal/control regions) Exp.= 31 SM | | |
o Factor 2 improvement with increased dataset of 139 fb! 0 20 40 60 80 100
o Further improvement from new O-lepton and 1-lepton channels arXiv:2201.11428 95% CL limit on p

VH(cT)
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Search for VH(— c¢¢): k. Interpretation

» Define k. coupling modifier as the ratio of y,

over the SM-expectation: T O
~.45
=
Yc = 4

K. = !
<M 3.5
3
»Parameterise [y interms of k. in 2.5
maximum-likelihood fit: 5
o) Ic2 15

U H\Kc) =

VHLCOMT ™ 1+ (k2 —1) x BRSM __ !
0.5

» Observed (expected) constraints:
o |Kk.| < 8.5 (12.4) @ 95% CL

arXiv:2201.11428

L UL B
- ATLAS

L Vs=13TeV, 139 fb"
= VH, H— ¢t
- k.| < 8.5 at 95% CL

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

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

—Comb. (0bs)
----Gomb. (exp.) .
— O-lepton (obs.) .

1-lepton (obs.) :
— 2-lepton (obs.) -

S R
-30 -20 -10
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https://arxiv.org/abs/2201.11428

Combination of 139 fb't VH(— ¢¢) and VH(— bb)

6 [ T T T T T T T T T I T T T T T T T | [6] 30_f T L l LN B | | LI LI B B UL T T I_
S 80— -4 N ]
= - ATLAS ] - ATLAS i
3° 60— fs=13TeV,139fb" — 20 s =13 TeV, 139 b’ ]
405 VH, H — bb/cT E - VH, H — bb/ct -
20F- = 10F- =
0;_ _; 0:_ (o) _:
—20 — C ]
—40F- - —10F g
- --- Expected 68% CL ] B N
60— oSM = o
- —E ted 95% CL 7 L o _
—80F O)égzivzd 68% CL + Expected best-fit 3 20— Observed 68% CL 0 SM ]
_1 00 ; | I oIbsler\lleld 915°I/O ICI-I 1 | 1 I (I)t)lselrvledl b?Stl-fltl 1 é E\ L1 I L1 1 1 | 11 ?tl)slelr\‘rleld I9|5°I/°I(:I:|_I I Il IBIeIS‘tI-f\I‘t | I I 11 IE a rXiV: 2 20 1 - 1 1428
06 08 1 12 14 16 B R - R e
&} aras . Expected :
p~VH(bE) Kp =~ 4 {s-13Tev, 139 fb” Observed E
. _|:°3.5f— VH, H — bb/ct — ey | = ¥, _
> Best fit value of (xp, k.) = (—1.02,0) S mOm e,
o Small asymmetry for k;, in likelihood from b-quark loop contributions in I R
99 — ZH production M I 1 B
o Preference to negative Ky, is small: difference in log-likelihood between 15
(+1.02,0) is 0.02 i3 [
r 1 ]
. . [ 68% CL |* ]
» Observed (expected) constraints for k. /k; ratio: 0.5 N A
O'\..‘l..‘L.."'w-JL,AJ.H»--.""\|.‘.r
o |k./kp| <4.5(5.1) @ 95% CL 4 6 4 -2 0 2 4 6
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Search for H - Q(— u™u™)y: 139 fb-1 Analysis Strategy

» H — Qy decays are sensitive to magnitude and sign of y, j,
o Agir and Ajpq contributions destructively interfere

Charmonium: Q = J/y, ¥ (2S) Bottomonium: Q = Y(18S, 2§, 3S)
* BR N 10_6 T ° BR ~ 10—9 _ 10—8 + y
H>pS)y H=Y(nS)y _ Direct (Agir) Indirect (Apng)
|Ainal = 20 X |Agir] o Aind, Agir almost cancel in SM 0 wtu-
Decay

H/Z
Boson

» Include analogous searches for Z — Qy: BRZ_)QV 1078 — 1077 #

» Dedicated combined single photon + muon triggers g ol  atuas preimiay g Amaseemnay |
o Distinct signature in detector with small QCD backgrounds g | :"5;_.: o slecton |2 3500 . "1;;2:;’;39‘“ _
> Split background model into two components 5 T ] 800 Ggrona YOS
o Inclusive: y + jet and multi-jet events involving Q or u* u~ % T :
o Non-parametric data-driven background model — see talk by J. Silva : 0'02; E
o Exclusive: q@ — u*u~y, modelled using MC 0-01; i
See my poster on this analysis for more details! %5625 40 5060 70 ® [gg 90 25 30 35 mwj-'([)GeV]
"Phys. Rev. D 100 (2019) 054038 *Phys. Rev. D 97 (2018) 016009 Preliminary Results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-53/
http://dx.doi.org/10.1103/PhysRevD.100.054038
http://dx.doi.org/10.1103/PhysRevD.97.016009

Search for H - Q(— p*u~)y: 139 fb! Analysis Results

» Signal resolution = 1.7% (simulate ggF, VBF, VH, ttH)

> Use 2D unbinned likelihood fit in m(u*u™), m(u*u~y)
o Discriminates between all signal and background
contributions
» Statistical uncertainty dominates

o Systematics reduce sensitivity to the H (Z) signals by at
most 1% (5%)

o Main systematics are in the inclusive background shape

> AL BN B B L ILELLELE R L UL I L B L B L B AL BN LR L
8 220 B and EC Categories ATLAS Preliminary — 8 - Band EC Categories ATLAS Preliminary 1
0 200:_ ¢+ Data Vs=13 TeV, 139 fb™ 4 & 30 ¢ Data Vs=13 TeV, 139 fb™ _'
N - — Background Fit 86<m,,  <9%Gev | o E  — Background Fit 122<m, <128 GeV -
© 180F 11 7(nS) Background -4 ° o5 [ T(nS) Background E
© 160 [ Exclusive Background g £ - [ Exclusive Background .
5 140F- [ Dimuon Background ER - [ Dimuon Background .
k 1205 [IB(Z > T(1S,28.38)) = (1.0,1.22.3)x 10° | 7 20[~ [1B(H - T(15,25,38)y) = (2.6,4.4,3.5) x 10° ]
100F b3 150 =
80 - .

60 o ~$ E

Data/Bkgd
Data/Bkgd

10705 11 115 12
M, [GeV]

10 105 11 115 12 95

M, [GeV]

95

9

8.5

= T T
C ¢ Data

—_
B
o

U B B B I
ATLAS Preliminary —

C A
50 ¢+ Data ATLAS Preliminary —

[ — Background Fit {s=13 TeV, 139 ib” _ — Background Fit s=13 TeV, 139 fb’’ ]
120[-[7iw(nS) Background 86 <m,, . <96 GeV —] [ [iw(nS) Background 122<m,. . <128 GeV 7
= [ Exclusive Background 401 [ Exclusive Background —

Events / 0.05 GeV
Events / 0.05 GeV

100 [ Dimuon Background - - [ Dimuon Background
- [BEZ — Jyy) = 1.2 x10° L IB(H — Jiyy) = 2.1 x 107
80F[M1B(Z - w(2S)y) = 2.3 x 10° - 30 1B(H — w(2S)y) = 1.1x 10° ]
60 | E } ™ 95% CL
40 '\ = ,#\ upper limits
20 t* l' 10 i ]
ST

%’ s g % odit 1‘1‘#####***‘*‘&H—--H'H"' ' % il
8 24 26 28 3 32 34 36 38 4 42 8 24 26 28 3 32 34 36 38 4 42

m,., [GeV]

Preliminary Results

m,.. [GeV]

» Combine with H — yy 8 to interpret in Eerms of Kep/Ky:

K¢
c’qind + K_y c’qdir

Hu-ypy
:uH—>yy

SM
TSy

» Observed (expected) bounds @ 95% CL:
o K¢/xy:[—136,178] ([—123,164]) from H = |/} y

o Kp/Ky:[—38,40] ([—37,40]) from

combined H —» Y(nS)y
SATLAS-CONF-2020-026
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-53/
https://cds.cern.ch/record/2725727

Summary of Exclusive H — My Search Results

ATLAS Preliminary 's=13 TeV
B | I ||||||| I | ||||||| | LU ] LI ] 1 |_1|||i —
H=py Bl Yud HEP 07 (2018) 127
H—dy - 35.6 b — < Vs
H— J/iyy — - 139 fo —
_ < Ve
H—wy(2S)y - 139" — orelimi Recul
H—Y(1S)y |- - 130 _ reliminary Results
H—-Y(2S)y - 139 ! — < Vb
H—-Y(3S)y I - 139 fb” —

L—pY — - 32.3 ! —
-0y — O- 35.6 fb” —

Z— Jyy 0 139 fb™" — .
. ew(zsqg B s N H5 Expected £ To | »ATLAS has the most stringent
Z5Y(1S)y |- I Expected + 26 _ limits on each of these decay
Z5Y (2S)y |- ol o o Observed | channels
Z%Y(SS)"Y [ 1 1 1 IIIIII -I I13I9Iflbl-1ll | 1 1 IIIII| 1 1 1 IIIII| 1 1 1 IIIT

107~/ 10°° 107 1074 107° 1072
95% CL upper limit on Branching Fraction
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-53/
http://dx.doi.org/10.1007/JHEP07(2018)127

Searchesfor H —» (Z/y*)y —» €€~y (£ = e, u): 139 fb1 Results

H - Zy - £7£7y: Phys. Lett. B 809 (2020) 135754 H-yy - €+€ y Phys. Lett. B 819 (2021) 136412
I L A BN | N T e
s | ATLAS 3 “Brg. :
O 8o {5 =13 TeV, 139 fo" - 2 ok - Bkg+Hoyy _‘
2 : All categories . % PR ¢ — Bkg+H—7yy+Sig (u=1.9)
_'5) 701 IN(1+Sg/Bgg) Weighted sum ] _% 20+ .
= =
[ 60 W 150 E
g 100 :
- 55 s=13TeV, 139 fo”' f
= EIn(1+ Ss/ By) weighted sum ]
C g )
L 2f
= OF
: : N
115 120 125 130 135 140 145 110115 120 125 130 135 140 145 150 155 160

m, [GeV] 1y [GeV
>BRH_,Z), = 0.154% >BRH_>eey =7.20 X 107>; BRH_WW —[ 3]42 X 107>
»81.2 <myp, < 101.2 GeV »my, < 30 GeV, excluding / /1Y and Y (nS) resonances
o Main background is non-resonant Zy production o Main background is non-resonant ££y production
» Observed (expected with SM) 95% CL: » Observed (expected with SM) significance:
e BRH_,Z), < 3.6 (2.6) X SM o 3.20 (2.10)
o Factor 2.4 improvement compared to previous analysis o First evidence for H — £{y

R. Ward (University of Birmingham) - ICHEP 2022 Higgs Boson Couplings to 2"d Generation Fermions at ATLAS 7t July 2022 13/14
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Summary

. H-u u" VH (- cc)
» ATLAS has many analyses searching for 77 M Mmaatatsenwasaaaint
1 1 8 2 + Daa E o C 5= 13TeV, 139 1" +3:t1 CE) (1=-9
H decays to 2" generation fermions and ¢ o0 feren o SpEe o2 s pinn R
£ N\ 7w In(1 + S7B) weighte «Bkg.pdf 4 8 | 2ctagAusr W VW(> cq) (1=083) ]
other rare decays: 3o B Sy 3
£  300F —; g ]
oH - utu andH » ete” g - i
100:— — g
— ~ . . — o ENESES—- b 4 2
oVH — c¢C - combine with VH — bb Poal i
o H — Qy — new result! & o , ;
110 115 120 125 130 135 140 145 150 155 160 - :
oH - (¢/p)y ; m““;;“ e
B — My Limits e
O H — Zy — £+£ y ATLAS Internal /s=13 TeV
_ ° H%W— AL T L ‘ IIr- 3’23’")"”':
oH - y*y - £7£~y — evidence for process Bl mm ]
How(@S)y - | BT
» Many exciting avenues to test SM predictions s E Er—
and to search for new physics scenarios C e, W .
s [l
Zovosm 1 == o Observed7 _
Z-Y(2S)y - o I -
LY (38 = Lol BB vl ™

107 10° 10°° 10°* 10° 102
95% CL upper limit on Branching Fraction
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ADDITIONAL SLIDES
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Precision measurements of p7 : 139 fb! Analysis Overview

*
> H production modes are sensitive to c- and b-quark _ GOH,,I',II?,ZIZ,,,,_I",L,I,_,,_ . __ Hoyy
I. f I . @ - ATLAS ® Data b O 5000(}:___:_. [B):::i round ATLAS ! E
COUp IngS, Or examp e. O FH - Z7* — 4l ng'gs(125GeV) 1 % E —Sign;-:ll+Background Vs=13TeV, 139 fb E
& 50[fe-13Tev. 13915" e * g S0000F~ — Signal Diphoton fiducial E
hay B y B Z+jets, tt ] B E
%) C é % Uncentainty ] 40000— -
o 40 ' n C ]
£ "TTITn c——1 H % g g+ . 30000 -
N 30F % g 20000 =
H % | - ]
clfL  »o--e----- cY 20 10000:— —:
10: g‘ 1500;. L IO S 1 1 ;
c B B 1000f
ER111111) g TT——— ¢ RIS A A 5 s
5 of
ggF with c-quark loop c-quark initiated production 110120130 140 1;:)[68\1;0 G500k 11}0 o e & 3
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New result - combination: ATLAS-CONF-2022-002
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/
https://arxiv.org/abs/2202.00487
https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0

Precision measurements of p7 : 139 fb! Analysis Results

> Combined p¥ measurement remains dominated by
statistical uncertainties

o Compatibility of result with SM is 20%

» Only consider measured shape in k., interpretation

o Removes assumptions associated with various
branching fractions caused by k. ;, dependence of 'y

» Expected combined constraint more stringent than
individual channels

» Observed combined constraint typically less stringent
than H - ZZ" — 4l

» Partially caused by double minimum in Iike(liihood
associated with quadratic dependence of dT‘H on K¢ p
T
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Combination: ATLAS-CONF-2022-002
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/

Complementarity with VH(— bb/ct)

MO 40 B | I 1 | I I I | I I | I I | 1 I | 1 I I 1 I I | l |
[ ATLASPreliminary  ---0bs. 68% CL xSM _
30— Vs=13 TeV, 139 fb"’ — Obs. 95% CL +Best-fit _7
- — H—ZZ*4l+H->yy p!! shape 1
a VH,H—bb/ctT i
20 -
tof- =
o -
~10f~ =
B | 1 | | 1 | 1 | 1 1 | I 1 | | I | | 1 I | 1 1 | I ]
—204 2 0 2 4 6 8

> Consider measured shape of p¥ for K. p interpretation

> Complements VH (- cc/bb) result
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Indirect constraints on K ; from p: Measurements

Channel Parameter Observed Expected
best-fit 95% confidence interval | 95% confidence interval

Hos 7% sap = 1.875% [—1.9, 6.3] [—3.6, 9.3]
ke = 79728 [—9.0, 18.5] [—14.2, 19.5]

H = m Ky =6.1737 [—3.7, 10.2] [—2.8, 8.1]
= —0.779%" [—14.5, 19.1] [—12.0, 17.7]

Combined Ky = 3.3131 [—2.1, 7.4] (2.2, 7.4]
K, = 8.3792¢ [—10.1, 18.3] [—10.3, 16.6]

R. Ward (University of Birmingham) - ICHEP 2022
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Search for H — (¢ /p)y: Early Run-2 Analysis Results

> H - ¢(K*K™)y sensitive to magnitude and sign of y;
o H = p(m* ™)y sensitive to magnitude and sign of y,, 4
» Direct and indirect decay amplitudes analogous to H —» Qy
SM ~ 10-6(10-5
» Include analogous searches for Z — (¢p/p)y
© BRz gy (py) ~ 107°

» Dedicated triggers based on single photon + modified
T-lepton algorithms

o Signal resolution = 1.8%

» Similar signal and background modelling strategy to H — Qy
o Background model is fully data driven

* No backgrounds resonant in m(K*K~y) orm(n*n~y)
* Validate model in m(K*K~) and m(n*n ™) sidebands

» Use unbinned likelihood fit to m(K*K~y) and m(n*n™y)

JHEP 07 (2018) 127
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Limits for H — (Q, ¢, p)y

95% CLg upper limits

Branching fraction oxXB
Decay | Higgs boson [ 107 ] Z boson [ 1070 ] Higgs boson [fb] | Z boson [fb]
channel | Expected Observed | Expected Observed Observed Observed
Iy 1.970% 2.1 0.6 1.2 12 71
v (28) y | 85534 10.9 2.9%3 2.3 61 135
Y(1S)y | 2.8 2.6 1.5704 1.0 14 59
Y(2S)y | 3.5%¢ 4.4 2.000% 1.2 24 71
Y(3S)y | 3.1%% 3.5 1.9+0-8 2.3 19 135
Branching Fraction Limit (95% CL) | Expected | Observed
_ 1.8
B(H — ¢v)[107%] 4.27775 4.8
B(Z — ¢y)[ 1078 ] 1.3798 0.9
B(H — py)[1074] 8.475 ) 8.8
B(Z — py)[1075 ] 3314’ 25
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