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Decays of the Higgs and Z Bosons to a Meson and a Photon

> ATLAS has conducted a sweep of H(Z) — My searches 8 ol s 8T aas
o Published 14 limits with 36.1 fb™! of /s = 13 TeV data E St
* Heavy mesons: H(Z) = Qy; Q = J/Y,y¥(2S5),Y(1S, 25, 3S) o E s00f-
* Light mesons: H(Z) - ¢y and H(Z) - py g — ? - —
Y i A e
PUinShed resu‘ts: 50/ [ BiH—m)=4.8x10" 2002 [ BiH=py)=8.8x10°
I/ [ B(z—ay)=0.9¢10° ¥ [ Bz—py)=25¢10°

H(Z) - (J/Y,yY(2S),Y)y Partial Run 2: Phys.Lett.B 786 (2018) 134-155

H(Z) - (¢, p)y Partial Run 2: JHEP 07 (2018) 127 £ ! g 12
- i TR Y I TS +++ + w Byt R LT RIS OO ¢’¢“’+.¢‘.¢“ 440
H(Z) — ¢y Run 1: Phys.Rev.Lett. 117 (2016) 11, 111802 N éiﬂﬁ**g:*** # N ** ***;*ﬁ” 2: CEIN U.Q”*B(’)" e
8 1 79 1 1 [} 1 11 1 1
H(Z) - (J/Y,Y)y Run 1: Phys.Rev.Lett. 114 (2015) 12, 121801 My, [GeV] My [GEV]
Results of H(Z)—(¢,p)y Analyses
o Operate dedicated triggers and developed novel methods to Searches for exclusive Higgs and Z boson decays
model the back groun ds into a vector quarkonium state and a photon using

139 fb~! of ATLAS +s = 13 TeV proton—proton
collision data

> Today | will showcase the latest H(Z) — Qy search
o Use full 139 b1 of 13 TeV dataset

The ATLAS Collaboration

Searches for the exclusive decays of Higgs and Z bosons into a vector quarkonium state and a

® Res u Its were p u b | | C fo r I C H E onz 2 photon are performed in the p*p™ y final state with a proton—proton collision data sample
corresponding to an integrated luminosity of 139 fb™! collected at /s = 13 TeV with the
e Rece ntly acce pted by EPIC ATLAS detector at the CERN Large Hadron Collider. The observed data are compatible

with the expected backgrounds. The 95% CL upper limits on the branching fractions of
the Higgs boson decays into J /i y, ¥/(25) , and Y(1S, 25, 35) y are found to be 2.1 x 1074,
10.9 x 1074, and (2.6,4.4,3.5) x 107, respectively, assuming Standard Model production of
the Higgs boson. The corresponding 95% CL; upper limits on the branching fractions of the
Z boson decays are 1.2 x 107%,2.3 x 107, and (1.0, 1.2,2.3) x 1076

New 139 fb~! H(Z) — Qy results: arXiv:2208.03122
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https://arxiv.org/abs/2208.03122
https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1007/JHEP07(2018)127
https://doi.org/10.1103/PhysRevLett.117.111802
https://doi.org/10.1103/PhysRevLett.114.121801

H(Z) — Qy: Motivation

»>SearchforH(Z) > Qy » u u"y
o Q =J/Y,Y(2S) (charmonium) or Y(1S, 25, 35) (bottomonium) A gir

o Two contributions to decay amplitude, A4 and Aj,q, Which
destructively interfere H--------

o Distinct signature avoids large QCD backgrounds seen in
inclusive searches

Direct Indirect

» Higgs boson decays probe b- and c-quark Yukawa couplings Y

o Sensitive to both the magnitude and the sign Decay Amplitudes

» Z boson decays provide a test of QCD factorisation

o Small power corrections in terms of the ratio of the QCD energy Q- utu
scale over Z mass Decay

o Clean probe of meson light cone distribution amplitudes
from a theory perspective

H/Z

Boson

Event Signature
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H(Z) — Qy: Branching Ratio Predictions and Previous Results

Vector SM branching fraction, 8 (H — Q) Vector SM branching fraction, B (Z — Q)
quarkonium state | Ref. [31] (2015) | Refs. [33, 34] (2017) | Ref. [36] (2019) quarkonium state | Ref. [46] (2015) Ref. [47] (2015) Ref. [48] (2018)
Iy 2954010 x 107 | 2997016 x107° | 3.017013 x 1076 Jlw 8.02*046 x 1078 | 9.96*1-8¢ %1078 | 8.96*]3% x 1078
Y(1S) 4617170 x 1077 | 522705 %1077 | 9.979%1 x 1077 Y(1S) 5.39*017 x 1078 | 4.93*0:31 x 1078 | 4.80*02% x 1078
Y(25) 23400 x1077 | 1427072 107 | 2.62%3] x 1070 Y(25) - - 2.44%013 x 107
Y(35) 213176 x 1077 | 091708 x 1077 | 1.87';% x 107 Y(35) - - 1.88%0-14 x 1078
Higgs boson decays Z boson decays
(Refs: 31, 33, 34, 36) (Refs: 46, 47, 48)

]/II), ¢(2 S) Y(ls, 28, 35) Branching fraction limit (95% CL) | Expected | Observed

o | Aingl = 20 X |Agir| Aind, Agir almost cancel in SM~ B(H — J/¥7)[107"] 3.070s 3.5

B(H = (25)v)[107*] 15.6757 19.8

> Previous ATLAS Qy result used 36.1 fb~! of 13 TeV dataset B(Z— J/vy)[107°] 117535 2.3

o Updated results use full available 139 fb™! B(Z =1 (28)7)[107°] 6.015:7 4.5

, _ B(H — Y(1S)~)[10™* 5.0 4.9

> CMS searched for H(Z) - J/y y with 35.9 fb~1 at 13 TeV BEH X TE2S§ 7; { . } . 2+§:§ o

v a7 :
—4, -6

oBH->JWy)<7.6%x107%,B(Z->]J/Yy)<14x10 B (I — T(38)) [ 10~ ] 5.0+25 .-

> CMS also searched for H(Z) - QQ with37.5fb™1at13TeV  B(Z - 1(28)7)[107°] 3.8771 L7

o Phys. Lett. B 797 (2019) 134811 B(Z—X(35)7)[107"] 3.0%0% 18

Results of 36.1 fb H(Z) — Qy: Phys. Lett. B 786 (2018) 134-155
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https://doi.org/10.1140/epjc/s10052-019-6562-5
https://doi.org/10.1016/j.physletb.2019.134811
https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1007/JHEP08(2015)012
https://doi.org/10.1103/PhysRevD.95.054018
https://doi.org/10.1103/PhysRevD.96.116014
https://doi.org/10.1103/PhysRevD.100.054038
https://doi.org/10.1007/JHEP04(2015)101
https://doi.org/10.1103/PhysRevD.92.014007
https://doi.org/10.1103/PhysRevD.97.016009

H(Z) — Qy: Event Selection

» Unique signature provides handle for triggering | Photon Selection: S Selection: -
ont enl€a . ..Sublea
o Operated dedicated photon + muon triggers pr > 35GeV . . pr°" > 18GeV;pr > 3GeV
durine Run 2. seeded from L1Calo *|n¥| < 2.37 and outside transition || *|p*| < 2.5
g ! region 1.37 < || < 1.52 *Oppositely charged muons
o High trigger efficiency, > 97%, with respect *Tight quality *Medium quality
to offline selection APp(Q,y) > m/2 em(utu~) near meson mass
*Photon isolation *Transverse decay length significance |ny/any| <3
pr(utu™) cut varies with m(u*u~y)
» Split Y(nS) into Barrel (B) and Endcap (EC) categories *Muon isolation
o Improved resolution in barrel helps resolve each state Red: Not applied in “Generation Region” (GR)
%4500 [ T l"I""I"—: %’400""I""|""""I""I""I""I""—_ % :‘"'I""I""\'"‘I""I""I""\"":
S 40005 ¢+ Data ATLAS 16 . oaa ATLAS 1 8 300k + pata ATLAS E
S — Fit s=13Tev, 139" 1 T — Fit s=13Tev, 139" 1 5 - Fit 's=13TeV, 139" 1
%3500 Jw(ns) Region: GR E :u:: ===Y(nS) Region: GR = :_5 2503---r(n3) Region: GR .
= 3000 y(nS) vy channel 3 = Y(nS) v channel . c C Y(nS) vy channel ]
§ £=% Background ] L%’ EC Category = |_?>j 200—_. Background B Category B
w 2500 = - E E
2000 . ; 150F -
1500 _; g 100 _:

0 0

80 85 9.0 95 10.010511.011.512.0 80 85 9.0 95 10.010.511.011.512.0
my.,- [GeV] - my.,-[GeV] m,.,- [GeV]
Meson Reconstruction in GR

2.5 3.0 3.5 4.0
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H(Z) — Qy: Signal Efficiency

> I R R L L LA LA LA RARR AR I V0 [ i L LA RS ALY ALY RN RN R R . L
3 ATLAS Simulation { - ATLAS Simulation 1 » Total signal efficiencies:
= 0.0 Ho Jiy y T T o005 | - ey - o H-ypnS)y ~ 19%
% - __Before selection - % o i 5. & Before selection | o H->YnS)y = 21%
L%’ 0.04- |_|After selection L%’ 0_04:_} P ii g || After selection ] o Z->YnS)y =~ 11%
5 L (T | : 0 Z - Y(nS)y ~ 14%
S 003Pr 1 §o0o03%  E o E P ]
© - : 1 © _ o i i
L 0.02+ ui s - W H ' ]
0.0 : Py P : 0'02;5 i
0.01- : 1 oot -
0o"10 20 3040 50'60 70 80 90100 %1020 30 40 50 60'70 80 90 100
p, [GeV] p, [GeV]

Generator-level pt of Decay Products for J /1 channels

» Softer photon and muon pt in Z boson decays leads to smaller signal efficiencies compared to Higgs boson decays
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H(Z) — Qy: Signal Modelling and Resolution

>SimUIateSigna|eventfora”Q)/decay > 10—|||| LI LALLM > 5._IIII\IIIIIII\Illl\llll\llll\llll\\ll_
Channels W|th Monte Ca rlo 3 I ATLAS Simulation 3 r ATLAS Simulation
0t ¢ 1 v :
@ Consider all relevant Higgs bqson S"B 8- Hodwbnly ] S"B a- 7 s vy .
production modes: gluon fusion, vector o | Inclusive o | Inclusive
. = © r : © r ' ]
boson fusion, and WH, ZH and ttH o - # Signal MC 4 B 3L # Signal MC b
. . © L — Double Gaussian Fit | © L — Signal Fit
associated production S | S [
. . o | | O 1
o Z boson samples are produced inclusively Z o4 4 =z o N
50 1 = |
: : : 2- = - .
» Achieve a signal resolution of 1.6% — 1.8% - It 1
across all channels NI SN T of _
o Higgs boson shape: double Gaussian 110 115 120 125 130 135 140 75 80 85 90 95 100 105 110 115
_— . m,.., [GeV m,.., [GeV
o Z boson shape: double Voigtian multiplied iy [GEV] iy [GEV]
by mass-dependent efficiency Signal Resolution for J /1 channels
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H(Z) — Qy: Signal Systematic Uncertainties

Source of systematic uncertainty Signal yield uncertainty

H—ynS) H->YnS) Z-ynsS) Z - Y(nS)
Total cross section 5.8% 2.9%
Integrated luminosity 1.7% 1.7%
Signal acceptance 1.8% 1.0%
Muon reconstruction 2.3% 2.2% 2.4% 2.4%
Photon identification 1.7% 1.7% 1.9% 1.9%
Pile-up uncertainty 0.8% 0.7% 1.1% 1.1%
Trigger efficiency 0.7% 0.7% 0.8% 0.8%
Photon energy scale 0.1% 0.1% 0.2% 0.2%
Muon momentum scale 0.1% 0.1% 0.5% 0.2%
Muon momentum resolution (ID) <0.01% 0.01% 0.06% 0.02%
Muon momentum resolution (MS) 0.02% 0.01% 0.04% 0.01%

» Take into account relevant uncertainties on the total signal yield
o Nuisance parameters with standard Gaussian constraints in maximum likelihood fit
o Shape uncertainties found to be negligible
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H(Z) — Qy: Background Modelling

1 > 00— 71— 1 ] > e =
» Exclusive background G jgoofRegion:GR  ATLAS 1 8, [ reoncr  ATLAS E
o utu~y production via Drell-Yan 2 1600 peopn TS 3% F papranalss ]
o Modelled with an analytical fit to simulated events {3 1400E- f Data is = 13Tev, 13907 < 0 20001  Data V5= 13Tev, 139"
. . .. . 1200 ¢ : 3 C _ ]
* Threshold function + Voigtian function - A DFclsveBadgond 4l Exclusive Background 1
g 1000 +
E . Inclusive Background . E 1 . Inclusive Background ;
:22; E 1000( —:
» Inclusive background o ERN E
o Multi-jet and y+jet sources with Q or dimuon production 2000~ E »F ]
o Non-parametric data-driven background model g1 g T W
. 3 o5 | | | | $ og b eSS
JHEP 10 (2022) 001 O [ R T O I e T (RN R
My [GEV] M,y [GEV]
/ \ Background in Generation Region
Generation Region
(Loose Selection)
1. Model correlations in data in loose
Generation Region, then sample
seudocandidate events Fegon Region? Region Py Photon Isolation Q Isolation
P ] ] ] ] (Meson pr) | | (Meson lsolation) Generation Region (GR) | > 30GeV Relaxed Relaxed
2. Apply Validation Region selection to Full Selecton Validation Region 1  (VR1) | Full Relaxed Relaxed
evaluate performance Validation Region 2 (VR2) | > 30 GeV  Relaxed Full
. . . o Validation Region 3 (VR3) | > 30GeV Full Relaxed
3. Apply Signal Region selection for Region s Signal Region (SR) | Full Full Full
final model (Photon Isolation) - -
Region Definitions
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https://link.springer.com/article/10.1007/JHEP10(2022)001

H(Z) — Qy: Background Validation and Systematic Uncertainties

» Validation plots are pre-fit Background Val|dat|on

. . . = L S B T C T T I L B B B B ]
O Normallsatlon set to events In mass S 4pool- Region: VR1 ATLAS 4 © C Reg|on VR2 ATLAS 1 © [ Region: VR3 ATLAS ]
© - w(nS)y Analysis 1 2 1000 w(nS)y Analysis 4 2 1200[— y(nS)y Analysis -

ra n ge ‘(::c: | Pre-Fit ] *(:-"C: | Pre-Fit ] a‘::c: - Pre-Fit .

. . . . o 800 } DataVs=13TeV, 1391 | & gool_ $ DataVs=13Tev,139f" | & 1000 t DataVs=13TeVv, 139" |

o Ratio of inclusive/exclusive background - Exclusive Background 1 - Exclusive Background 1 c Exclusive Background ]
600 [ Inclusive Background — 600; [ Inclusive Background ; 800:_ W Inclusive Background —:

extracted frOm GR L 7 Model Shape Uncertainty ] C 7 Model Shape Uncertainty 1 600F- 7 Model Shape Uncertainty A

. . . 400 — r ] - ]

Each of these are free in final fit : 1 1 w0 ]
2001 . 200 . 200~ 3

. < 4 2 1 2% 15 ! 3 ; .

> Systematlc uncertainties accounted for % "*ii-ifi!i!fci'.*ff;!ﬁft’f;ﬂg % 1oE """"';ié;';?ii;;'f;;",;,’,';*,;ﬁi;;i}% % ,,,,,,,,,,,,,,,,,,,,,
1 12t o Ty R T - e o SR e T T e I - T BT R T R R R
with shape variations 0 0 0
o Mass tilt: reweight mass distribution w(nS) Background

- - . > o500 T T T = 25000 T 1 3 R B B B B
Wlth d tllt funCtlon © ° [ Region: VR1 ATLAS 1 O r Reglon.VR2 ATLAS 1 © 2200 Region: VR3 ATLAS =
L . . . . g F Y(nS)y Analysis . g T Y(nS)y Analysis ] g 20005 Y (nS)y Analysis =
 Distribution can adapt to tilts in ratio £ 2000 PreFi | £ 20001 preFi 1 £ 1a00c PreFi E

. . i r t Datays=13TeV, 139"  q C t Datays=13TeV, 139%™ 7 i 15007 t Data ys=13TeV, 139" 3

O Photon pT Sh'ft: Sh|ft generated 15001 ; Exclusive Background ] 1500'_ I Exclusive Background 1 14002_ i Exclusive Background _f
. r _ ¥ Inclusive Background ] L ¥ Inclusive Background ] 1200E- _ ¥ Inclusive Background E

phOtOn pT N GR r . | Model Shape Uncertainty ] C 1 | Model Shape Uncertainty ] 10005_ + ' Model Shape Uncertainty _E
1000 | - 1000~ | 7 S | 3

* Distribution can shift higher/lower S | ] S | 1 o 4 E

. . . 500/— - 500 2 ] i _ j

o A¢@ distortion: reweight generated A¢ ; ] ; ] o E
. c ] C ] 200 E

N GR = } = L N = 157 b ; .

3 3 ik -* 8 I Bt vty bbb * 4 -

* Width of distribution can s o5 *{HM 5 o5y - S gt M""m'ﬂ

. 8 50 0050 200 20 300 & 50 100 150 200 250 300 & 50100 150 200 250 300
mcrease/ decrease My [GeV] My [GeV] My [GV]

Y(nS) Background
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H(Z) - ¥ (nS)y: Projection of Fit in Regions

. . . . . + —_— + —_ %140:;'|5;t’a.'|"’1"'|'”A[:,_'L'AI"S"T"’I"’I: % L N L L R B B B | ]
C i 50| ¢ Data ATLAS —
> Use ZD unblnned IIkeIIhOOd flt In m(M M ), m(M M y) g T — Background Fit (s=13 TeV, 139 fb”' ] g [ — Background Fit (s=13 TeV, 139 fb™ ]
: S : < 120j[__,w(n8) Background 86<m,,. <96GeV — 2 [ {w(nS) Background 122<m,, . <128 GeV
o Discriminates between all signal and background S T bt Bostaround TS 4ol mbxieive Backaround -
contributions £ 100[- [ Dimuon Background - £ | @ Dimuon Background -
S  L[BEZ - Jhyy)=12x10° 4 @ [[BH-JIyy=21x10* ]
w 80 [B(Z — y(2S)y) =2.3 x 10 — L SO:DB(H = y(2S)y) =1.1x 10* ]
e o a0 + 1 | -
» 1 (nS)y analysis fit is performed inclusively in a single ok ; E : 4 ]
category . RN S L
- : : . Vil oot - \
o Fit to data with three-body mass < 300 GeV in the signal ~ _ : .
. D15 <)
region EE OSﬁ ++++ ++++++ RS aRaRE! t+ mﬂ ﬂ“ 110 + %
o Project fit near each signal resonance 8 242628 3 32343638 4 42 8 24262 23436 3 .
My [GeV] My, [GeV]
> C L L 1] > r T L L A ]
g ATLAS 18 . f ATLAS -
wn 70__ E=13 TeV, 139 fb‘ — 0 35:_ E=13Tev’ 139 fbl —:
o . 29<m,, <3.3GeV 4 o - 35<m,, <39 CGeV ]
:m: 60:_ + Data B :m: 30:_ + Data E
S - — Background Fit 105 - — Background Fit E
Lﬁ 50 \ [ Exclusive Background - Lﬁ 25 C [ Exclusive Background E
C [1w(nS) Background ] F [Jy(nS) Background 4
40 [ Dimuon Background - 20— I Dimuon Background —]
= ‘ CIB(H = Jyy) =2.1x10* ] - TIB(H — y(2S)y) = 1.1x10° ]
300 ~ EIBZ - Jyy) =12x10° - 15 TIB(Z - w(2S)y) = 2.3 x 10° 7
20/ ‘ 4 0E 3
10F- + - 51 3
-} ! thita - A1l ik il T+
S 1.5F } } m / S 150 L1 [IMm mil
= 1 %\w ++++ % & J - e R | SRR T TR . AL hos ]
% 0.5 h@ (LAY ;#%M% “T % 0.5 l 7
S 50 100 150 200 250 300 8 50 100 150 200 250 300

M,y [GEV] m,.. [GeV]
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H(Z) - Y(nS)y: Projection of Fit in Regions

C BandEC Categorles ATLAS

> Use 2D unbinned likelihood fit in m(u*u™), m(u T 1u™y) 32207 canacccaegores ATLAS

3
. o ] o 200 ¢+ Data Ys=13 TeV, 139 fo”' SZ 30F ¢ Data Ys=13 TeV, 139 fo”'
o Discriminates between all signal and background S 180 o CokIowndFil | Bo<m,, <900V 1 g 255_55?5;?3::3923 | 1Ry < 128.GeV
contributions g 160 3 Dousne g £ Mo
IT)

20F [ 1B(H — T(1S,28,3S)y) = (2.6,4.4,3.5) x 10"

[1B(Z - Y(1S,25,3S)y) = (1.0,1.2,2.3) x 10°

+

»Y(nS)y analysis fit is performed simultaneously in the
barrel and endcap categories

o Fit to data with three-body mass < 300 GeV in the signal
region

L T S T T e L

o Project fit near each signal resonance

8 85 9 95 10 105 11 115 12 8 85 9 95 10 105 11 115 12

© ©

(=] (=]

e e

m m

8 8

© ©

O O

[GeV] My [GeV]
> L R B AL R AL B AL AL E >160;-"|“"|'-"|' | q >0~ T T T

8 160[— B and EC Categories ATLAS -] 8 - Band EC Categories ATLAS B 8 - Band EC Categories ATLAS .
o C {s=13 TeV, 139 fb”' 1 140F- (s=13 TeV, 139 fb™! 1 w40 (s=13 TeV, 139 fb™! ]
o 140 90<m,, <98GeV I o TOF 96<m, <104GeV o L 99<m,, <10.7GeV
..g 120 ¢ Data . ..g 120 ¢ Data = .“..:" 120 + Data -
) N — Background Fit ] ) F — Background Fit B © r — Background Fit .
Lﬁ 100 [P Exclusive Background - Lﬁ 100 } [P Exclusive Background { Lﬁ 100 — [ Exclusive Background —
r [T (nS) Background ] L []7(nS) Background i L [ ]T(nS) Background .
80 o [ Dimuon Background 7 80 . [ Dimuon Background _] 80 - [ Dimuon Background ]
- [ IB(H - Y(15,25,35)) = (2.6.4.43.5) x 10° - . [ 1B(H — T(15,25,38)y) = (2.6,4.4,3.5) x 10“ . C [ ]B(H — T(15,25,38)y) = (2.6,4.4,3.5) x 10* ]
soF- [BZ - Y(15253S)) = (1.0,1.22.3) x 10° ] 60 [JB(Z - r(15,28,350) = (1.0,1.2,2.3) x 10° 60 [IB(Z — 1(1S,25,35)y) = (1.0,1.2,2.3) x 10°
401 = 401 = 40 =
20 = R -

215 S 15f 515 4

= 9 = 9 = '

5] 1r m 1r m 1 AH* ﬁ%ﬁ Tt

3 05 | 3 0.5F : . 1 & 05 e R, # . . ;
5 50 100 150 200 250 300 8 50 100 150 200 250 300 8 50 100 150 200 250 300

[GeV]

My
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H(Z) — Qy: 139 fbl Analysis Limits and k Interpretation

» Extract 95% CL upper limits on decay

h | 95% CL upper limits
channeils Branching fraction oXxX8B
o Approximately a f?Ctor two improvement Decay | Higgs boson [ 1074 ] Z boson [ 1070 ] Higgs boson [fb] | Z boson [fb]
over the 36.1 fb™" result channel | Expected Observed | Expected Observed Observed Observed
J/y 1.970% 2.1 0.6%3 1.2 12 71
> Statistical uncertainty dominates w(2S)y | 8555 109 2.9%13 2.3 61 135
o Systematics reduce sensitivity to the H (Z) Y(15)y | 2.8%13 2.6 1.54¢ 1.0 14 59
i V) 0 ' ’
S'g’TaIS by at most 1 A)_ G /0)_ _ Y(2S)y | 356 44 20108 12 24 71
o Main systematics are in the inclusive Y(3s ; 1+1_'4 1 s ) 9+0:8 5 3 9 1
background shape (S)y 09 ‘ 0.5 '

» Combine with H — yy 3 to interpret in terms of k., /K, : ,

u is the observed rate,

HH-)/py ,
~ SM normalised to the SM rate
HH-yy H-]/ Yy

K¢
c’qind + K_y quir

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

o Kp/xy:[—38,40] ([—37,40]) from combined H - Y(nS)y :
ATLAS-CONF-2020-026
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https://cds.cern.ch/record/2725727

Summary of Exclusive H(Z) — My Search Results

ATLAS Vs=13 TeV
H | | I ||||||| I | L | LI I LI I.I |_1|||i
—HY - i « Light mesons: JHEP 07 (2018) 127
H—oy — - 35.6 fb! —
H— J/yy : —
N - ol < Charmonium
H-wy(2S)y - - 13917 —
H-Y(1S)y - 139 b —
H-Y(2S)y — - 139 b — « Bottomonium
H—-Y(3S)y - 139 fo" —
Z—pY |- - 32.3 fb" —
2>y - 0- 35.6 b —
Z— Jyy — 0 139 o — i
Z (@S |- il N 558 Expected + To | »>ATLAS has the most stringent
Z5Y(1S)y L I Expected + 20 _ limits on each of these decay
Z5Y(2S)y o- 139 fb” o Observed ] channels
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http://dx.doi.org/10.1007/JHEP07(2018)127
https://arxiv.org/abs/2208.03122

Conclusions

Searches for the rare decays H(Z) — J/Yy, Y (2S)y,and Y(1S, 25,3S)y

> Results using 139 fb~! /s = 13 TeV dataset are now public: arXiv:2208.03122 "

o H decays probe magnitude and sign of b- and c-quark Yukawa couplings BH/Z
oson

Q- utu

o Z decays provide a test of QCD factorisation

o Search for Q —» u*u~ decay channels with dedicated photon+muon triggers Event Signature

» Signal model

o Analytical fit to simulated events ATLAS (513 TeV

o Resolution of 1.6% — 1.8% on H/Z mass Eﬁgv— o T -- =3

—0Y — 35.6 b —

H— J/yy — 139 fb! —

> Background Model Hov(2Sy |- W

. . . + - . . H->Y(1S)y — - 139 b —

o Exclusive contribution from u™ u~y production via Drell-Yan HoY(2S)y |- = wow

. . . H—-Y(3S)y - 139 10" —

* Analytical fit to simulated events Zspy B oo _

. . . .. . 2oy <. 35.6 b —

@ InFIu5|ve co.ntrlbutlon from multi-jet and y+jet sources Zouwy = Ple B ooocedi o -

with Q or dimuon production ijﬁfgz B '- ----- Expected+26 |

* Non-parametric data-driven background model Z-Y(@2S)y = ol rwon' ° Observed -

ZoY@SIY =, g L8 9B il il i
» 2D fitsinm(u*u~y), m(utu™) discriminate signal resonances 107 10° 10° 10t 10°  10°

95% CL upper limit on Branching Fraction
and sources of background pp g

o Set improved limits on all 10 decay channels, and interpret results in the k framework H(Z) - My Limits
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H(Z) — Qy: Trigger Strategy and Acceptance
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H(Z) — Qy: Signal Modelling and Resolution

> Signal resolution plots for Y(15)y channels in B and EC

categories
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H(Z) — Qy: Sequential Sampling Scheme

1D 2D 1D 1D

S N RN

( T )
: v 3D v
Stage 2 ; [ ~ Calo-Iso | An(Q,~) ]
T ;
BDI' ) 33D
Stage 3 | [Q Track-lso] [ Ad(Q,) ]
i, L ................................................................ ¢ : s

I I
Stage 4 [ 2 ] [Wack-.so] [ 4, ]

» Create probability density functions for kinematic and isolation variables using data in generation region
o Sample from these following the above scheme to generate pseudocandiate events
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H(Z) — Qy: Three-body Versus Dimuon Mass
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H(Z) — Qy: Observed and Expected Events

Observed (expected) background Z signal H signal
Category  mi+,- range M+ - range [GeV] for for
[GeV] 86-96 122-128 B=10° | B=107

Inclusive 2.9-3.3 198 (185.6+5.9) | 61 (59.1+1.6) | 51.1+2.5 84.3+5.9
Inclusive 3.5-3.9 83 ( 825+4.0) |21 (229+09)| 6.7+03 11.4+0.8
Barrel 9.0-9.8 125 (1253 +4.7) | 12 (11.6+0.6) | 123+0.6 199+ 1.4
Barrel 9.6-10.4 118 (121.9+4.6) | 14 (10.7+0.6) | 9.3+0.5 15.1+1.1
Barrel 9.9-10.7 102 (119.9+45) | 11 (10.2+0.6) | 10.8 £0.5 17.2+1.2
Endcap 9.0-9.8 133 (162.9+5.7) | 16 (13.6+0.7) | 16.1 £0.8 194+1.4
Endcap 9.6-10.4 150 (157.1+5.6) | 11 (11.7+0.5) | 122+0.6 150=%1.1
Endcap 9.9-10.7 171 (156.7+58) | 7 (11.4+0.6) | 13.9+0.7 16.8+1.2

» Table of observed and expected background events in ranges of interest
o Expected signal events are shown using reference branching ratios for each decay channel
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H(Z) - Y (nS)y: Inclusive Fit
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H(Z) - Y(nS)y: Inclusive Fit
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H(Z) —» Y(nS)y: Fitin Separate B and EC Categories
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H(Z) —» Y(nS)y: Barrel Category Projections
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H(Z) —» Y(nS)y: Endcap Category Projections
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Search for H = (¢ /p)y: Early Run 2 Analysis Results
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Limits for H — (¢p/p)y

Branching Fraction Limit (95% CL) | Expected | Observed
B(H — ¢v)[1074] 42175 4.8
B(Z — ¢v)[ 1076 1.370°¢ 0.9
B(H — py)[107%] 8.475 ) 8.8
B(Z — py)[ 1079 ] 3314’ 25
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