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Introduction /16

m Higgs discovery has opened a window to
probe nature!

m Further studies required to establish nature
of Higgs sector
m Rare decays

m 15 and 2" generation couplings?
m Sensitive to modification from new physics

m BSM decays

m BR(H — unobserved) < 20% (indirect)
m Extended Higgs sector?
m Higgs as a dark matter portal?
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Rare Decays
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Overview of Rare Higgs Decays 2/16

Decays via loops:
m H— Zv: 0BR < 6.6 o5BRsy

m Invisible decays:
m H — invisible (direct): BR < 67%

m Direct decays to light fermions:
m H— cc: 0BR <110 ospBRsy
B H— pp: 0BR < 2.8 osmBRsy

m See H — ff talk by Tatsuya Masubuchi

m Decays to mesons (next slides)
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https://arxiv.org/abs/1708.00212
https://arxiv.org/abs/1708.09624
https://arxiv.org/abs/1802.04329
https://arxiv.org/abs/1708.00212
https://conferences.lbl.gov/event/137/session/14/contribution/45

H — M~ - Motivation and Target Mesons 3/16
arXiv:1712.02758 and arXiv:1501.03276

~

h

Direct

Indirect

m Window to 15t and 2"¢ generation Yukawa couplings

m Distinctive topology to trigger and select events

m Target mesons:
m o BRsm(H = py)=17x107° 1, p = 7fn™
B ¢ BRsy(H — ¢y)=23x107°%T, ¢ - KTK™
m J/¢p: BRsm(H — J/9by) =28 x107° %, J/op — pp~
B T: BRsm(H — T(1S,25,35)y) = (6.1,2.0,2.4) x 107 F, T — pFp~

tarXiv:1505.03870 arXiv:1407.6695
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https://arxiv.org/abs/1712.02758
https://arxiv.org/abs/1501.03276
https://arxiv.org/abs/1505.03870
https://arxiv.org/abs/1407.6695

H — M~ - Methods /16
arXiv:1712.02758 and arXiv:1501.03276
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m p & ¢ trigger on tracks from meson
decay and v

m J/1 & T trigger on muons
m Dominant backgrounds: jet+~ and dijet

m J/¢ & T events categorised as
(un)converted « and pp in barrel
(end-cap)
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m Background estimates derived using a
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https://arxiv.org/abs/1712.02758
https://arxiv.org/abs/1501.03276

H — pv & ¢y Results

arXiv:1712.02758

m No significant excess observed

m Unbinned maximum likelihood fits extract 95% CL limits of:

m BR(H — py) < 8.8 x 107* (52xSM)
m BR(H — ¢7) < 4.8 x 107" (208xSM)

m Statistically limited
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H — J/1vy & T~ Results

arXiv:1501.03276

m No significant excess observed

. . . . O 22 | o
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https://arxiv.org/abs/1501.03276

BSM Decays

Compositeness,
a Extra dimensions

Extended
Higgs Sector

4

Minimal
Dark Matter

b Hidden
Sector

Tracy Berry, loP 2017



H — a%a% & ZpZp — 0000 - Overview

m Dual interpretation analysis:

m Pseudoscalar a® from 2HDM+s, 4 only
m Vector Zp from Higgs mixing in HAHM?#

m Dual range analysis:

B Low mass: 1 < my g 7, <15 GeV, 4u only
m High mass: 15 < myo 4 7, <60 GeV, 41 +2u2e + 4e

m Select quadruplet with min: Am = |m1p — maa|
m Observable: (m) = (my2 + mas)/2

Low Mass Yields

High Mass Yields

Process Yield
Process Yield ZZ" — Al 0.84+0.1
ZZ* — 4l 0.10 £0.01 H—ZZ" — 4 2.6+0.3
H—ZZ" -4 0.1+0.1 VVV/VBS 0.51£0.18
VVV/VBS 0.06 +0.03 Z + (tt/J) V) — 40 0.004 + 0.004
Heavy flavour 0.07 £0.04 Reducible Background Negligible
Total 0.4+0.1 Total 3.9+03
Data 0 Data 6

TarXiv:1002.1956

Elliot Reynolds

farXiv:1412.0018

Rare & BSM Higgs Decays

arXiv:1802.03388
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https://arxiv.org/abs/1802.03388
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https://arxiv.org/abs/1412.0018

H— a%a° & ZpZp — teer

Results

arXiv:1802.03388
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H — ZZp — 0000 - Overview /16

arXiv:1802.03388

m Zp arises from kinetic mixing to Z
in HAHMT

m Search range: 15 < mz, < 55 GeV

m Quadruplet with dilepton mass
closest to my selected

m Dominant backgrounds:
ZZ* and H — ZZ*

m Dominant backgrounds estimated in
MC

m Small fake lepton background
estimated using data-driven method

farXiv:1412.0018
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https://arxiv.org/abs/1802.03388
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H — ZZp — 0000 - Results 10/16

arXiv:1802.03388

Process 2024 202¢ Total

H—ZZ* — 4 34.3+3.6 21.4+£3.0 55.7 £ 6.3

27 — AL 16.9+1.2 9.0+1.1 25.9+£2.0

Reducible background 2.14+0.6 2.7+0.7 48+1.1

VVV, tt+V 0.20+0.05 | 0.204+0.04 | 0.40+0.06

Total expected 53.5+4.3 33.3+34 86.8 £ 7.5

Observed 65 37 102
2 EAmad T T T s R O E AR T T MR
8 a0 Atias s NPT — g
= [Diev, vy [ Reducivle bhg T r 13TeV,36.1 1" e 7
2 48t m, =15 GeV Hif m, =35 Gev o r J+2 1
é: 4 m, =55 Gev t.):lﬁoI 102

m, [GeV]

95% CL upper limit on

40 45 50 55
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ij - Overview

arXiv:1803.11145

m Sensitive to models where fermionic

3 10 Eamas T Ve signatme g
decays are suppressed ; - uaTev a7 o 99F Sanalic ]
m Jets are gluon-induced gmﬂ L e, ]
9] Ee *, E
m Search range: 20 < m,, <60 GeV & [ o 1
. 5. L .y, 7
m VBF production mode targeted: sl g Seee . 4
= C i 2 Y il
B mP* > 500 GeV 5 Teer,
m Significant contribution from ggF BT A A N N B
ducti d 0 200 400 600 800 1000 1200
production mode M (Gev]
m 100 < mj, < 150 GeV ,
. B Photon requirements
m Main backgrounds: ~7jj and jjjj TightLoose | TightTight
. - , T i A c
M. regime Definition Range of mq values R [GeV] g A
1 17.5 GeV < mqy < 27.5 GeV 20 GeV < mg < 25 GeV 12
2 225 GeV < moy <315 GeV 25 GeV < mq < 35 GeV 12 |
i maGwemllsace mowcmimow 2 = & B D
5 52.5 GeV < mqyqy < 65.0 GeV 55 GeV < mg < 60 GeV 24 S \/I
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H — a%°% — yvjj - Results

arXiv:1803.11145

My~ regime A C D  Relative closure uncert. Predicted background yield

1 15 4 28 4 0.50 677

2 2 6 34 15 0.32 8t7

3 12 16 29 26 0.20 3738

4 8§ 12 19 38 0.21 27732

5 6 20 20 36 0.20 66755
m Likelihood fit performed 5 O T T T
i g [amas 2. etz i
across various mass T; 0,415 = 13TV, 367 ™) s Exoeced o 1
reglons and ABCD 8 E Expected limit +2 ¢ E
categories 1o =
m No significant excess is L oob E
|3 C ]
observed s ]
. _— 0.1 ‘ 4
m Dominant uncertainties . ]
are statistical r ]
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WH — (vaa® — ¢v4b - Overview

arXiv:1606.08391
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WH — (vaa® — ¢v4b - Results

arXiv:1606.08391
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Rare & BSM Searches Not Presented 15 /16

Search \ 95% CL Limit \ Reference
Rare Decays
ZH — llcc 0BR < 110 ospBRsp | arXiv:1802.04329
H— up 0BR < 2.8 ospBRspy | arXiv:1705.04582
ZH — (¢ invisible | BR< 67% arXiv:1708.09624
H— Zvy 0BR < 6.6 ospyBRsp | arXiv:1708.00212
BSM Searches
0,
Z = ;; Egz 1:2;‘02 arXiv:1604.07730
H — a%a® — purr | BR<~ (3.5 —100)% | arXiv:1505.01609
H — a%a® — yyyy | BR<~ (0.02 — 0.2)% | arXiv:1509.05051
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Summary Table 16 /16

m Summarised below are all the searches presented in this talk
m Challenging measurements due to low S/v/B
m HL-LHC dataset expected to improve H — J /1~y limit to: ~15xSM

Search \ 95% CL Limit ‘ Reference
Rare Decays
H— Y 0BR < 52 ospyBRspy .
— gfy TBR < 208 oo BRa | 2rXiv:1712.02758
H— J/y~y BR< 0.15% :
TR T/W BR< (0.13 — 0.19)% arXiv:1501.03276
BSM Searches
H— a%% — 4y BR<~ (0.02 — 100)%
H— ZpZp — 4 BR<~ (5 —30) x 10~° | arXiv:1802.03388
H— ZZp — 4 BR<~ 0.1%
H— a%0% — ~vjj BR<~ 10% arXiv:1803.11145
WH — (vaa® — (vab | (1.5-6.2) pb arXiv:1606.08391
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Summary Table 16 /16

Thank you for listening!

Search \ 95% CL Limit \ Reference
Rare Decays
H — py 0BR < 52 o5 BRspm .
S o +BR < 208 o<y BRety arXiv:1712.02758
H— J/y~y BR< 0.15% .
5 T/V BR< (0.13 — 0.19)% arXiv:1501.03276
BSM Searches
H— a%% — a4y BR<~ (0.02 — 100)%
H— ZpZp — 4 BR<~ (5 —30) x 107° | arXiv:1802.03388
H—ZZp — 40 BR<~ 0.1%
H — a%% — ~yyjj BR<~ 10% arXiv:1803.11145
WH — fva®a® — fvab | (1.5-6.2) pb arXiv:1606.08391
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Backup Slides

Datasets used in searches

H — M-~ backup materials

H — a%° & ZpZp — 0000 backup materials
H — ZZp — 0060 backup materials

H — a%a° — ~~vjj backup materials

WH — ¢vaa® — ¢v4b backup materials



Datasets Used in Searches 17/16

Search ‘ Luminosity ‘ Dataset
Rare Decays

-1
Z : % ggg ?Z*l 201542016
H—J 19.2 b1
H— 'Y'/'ywy 20.3 fb~ 1 2012

BSM Searches

H— a%0 — 4.
H— ZpZp — 44 36.1 fb~1 | 201542016
H—ZZp — 4
H — a%°% — ~vjj 36.7 fb~1 | 201542016
WH — (vaa® — (vab | 3.2 fb1 2015

Elliot Reynolds Rare & BSM Higgs Decays CIPANP 2018
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H — py & ¢y p$" Distributions
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H — pvy Validation Regions
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H — ¢~ Validation Regions
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H — pv & ¢ Results Tables 2L

Observed yields (Mean expected background) Expected signal yields
Mass range [GeV] H Z
All 81-101 120-130 [B=10"% | [B=10"9

¢y | 12051 | 3364 (3500 £ 30) | 1076 (1038 £ 9) | 156 £ 1.5 | 83 £ 7
py | 58702 | 12583 (12660 + 60) | 5473 (5450 £30) | 17.0 £ 1.7 | 7.5+ 0.6

Source of systematic uncertainty = Yield uncertainty

Branching Fraction Limit'(95% CL) Expiclt:d Observed Total H cross section 6.3%
B(H = ¢v)[107] 42500 48 Total Z cross section 2.9%

B(Z = ¢7)[107°] 13554 0.9 Integrated luminosity 3.4%

B(H = py)[1074] 8.475% 8.8 Photon ID efficiency 2.5%
B(Z— p)[107%] 33113 25 Trigger efficiency 2.0%
Tracking efficiency 6.0%

Elliot Reynolds Rare & BSM Higgs Decays CIPANP 2018



H — J/vy & T~ p%" Distributions
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H — J/1¢~y & T~ Peaks in CR

T T > e e e e e
B350F 4 oo ATLAS 1 82500 § ome ATLAS
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£ 250 I peckgrouna drrcawel o 2 oo Syl
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T 200 c=dax1Mev 4 @1s0F G=74£3MeV B
100F
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) 0
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> S I I R s B P L A A
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£ 60F rosyyonama & 100 Y(0S)ychannel
3 B Background 5 5 = Background }
arrel Categories > Endcap Categories
w50 o5=108£13MeV o w80 0, = 222+ 53 MeV.
40| 60|
30
40)
20

0 0
80 85 9.0 9.510.010511.011.512.0 80 85 9.0 9.510.010511.011.512.0
M., [GeV] m,., [GeV]

Elliot Reynolds & BSM Higgs Decays CIPANP 2018




H — J/¢ry & Ty Yield Table */16

%’ Observed (Expected Background) Signal

g0 Mass Range [GeV] Z H

= Al 80-100 115-135 B[10=°  B[1079]

- J/~

BU 30 9 (8.9+1.3) 5 (5.0+0.9) 1.29£0.07 1.96+0.24

BC 29 8 (6.0%0. 7) 3 (5.5£0.6) 0.63£0.03 1.06%0.13

EU 35 8 (87£1.0) 10 (5.8+£0.8) 1.37£0.07 1.47+0.18

EC 23 6 (5.6£0.7) 2 (3.0£0.4)  0.99+0.05 0.93£0.12
T(nS)~y

BU 93 42 (39+6) 16 (12.942.0) 1.67+0.09  2.6+0.3

BC 71 32 (27.7£24) 5 (9.7£1.2) 0.79£0.04 1.45+0.18

EU 125 49 (4746) 16 (17.842.4) 2.24+0.12  2.5£0.3

EC 85 31 (3145) 18 (12.3£1.9) 1.55+0.08 1.60+0.20
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H — J/¢ry & Ty Limits Table */16

95% CLs Upper Limits
Jp ] Y(AS) [ Y@S) [ TBS) [ X"TnS9)

B(Z — Q~v)[107°]
Expected | 2.075% | 4.973) | 62732 | 54731 8.8157
Observed 2.6 3.4 6.5 5.4 7.9

B(H— Q~)[1073]
Expected | 1.270% | 18702 | 2.1f54 | 1.8702 2.5%53
Observed 1.5 1.3 1.9 1.3 2.0

o(pp = H) x B(H — Q) [tb]

Expected | 26177 38111 45132 38110 54137
Observed 33 29 41 28 44
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H — J/1¢y & T~ Limits Plot
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H — a%a% & ZpZp — 0000 Event Selection

H—ZX -4 H— XX — 40 H— XX —4p
(15 GeV <mx <55 GeV) (15 GeV <myx <60 GeV) (1 GeV <mx <15 GeV)
- Require at least one quadruplet of leptons consisting of two pairs of same-flavour opposite-sign leptons
- Three leading-p leptons satisfying pt > 20 GeV, 15 GeV, 10 GeV
- At least three muons are required to be reconstructed by combining ID and MS tracks in the 4p channel
- Select best quadruplet (per Leptons in the quadruplet are responsible for firing at least one
channel) to be the one with the trigger. In the case of multi-lepton triggers, all leptons of the trigger

(sub)leading dilepton mass must match to leptons in the quadruplet
(second) closest to the Z mass

- 50 GeV < mi2 < 106 GeV
- 12 GeV < m3q < 115 GeV

- m12.34,14,32 > 5 GeV
AR(¢,0") > 0.10 (0.20) for same-flavour (different-flavour) leptons in

the quadruplet
QUADRUPLET ~ Select first surviving quadruplet

QUAI)RUPLE'I
SELECTION

Select quadruplet with smallest Amygy = |m12 — m34|

RANKING from channels, in the order: 4y,

2e2pu, 2u2e, 4e
EVENT 115 GeV < mye < 130 GeV \ 120 GeV < myy < 130 GeV
SELECTION

msa/mi2 > 0.85
Reject event if:
(m_;/‘l, —0.25 GeV) < m12,34,14,32 < (m\y(Qs) +0.30 GeV), or
(mys) —0.70 GeV) < mi2,34,14,32 < (Mmy(35) +0.75 GeV)

10 GeV < mj2,34 < 64 GeV 0.88 GeV < mi2,34 < 20 GeV
4e and 4y channels:

5 GeV < mia 32 <75 GeV

No restriction on alternative
pairing
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H — a%° & ZpZp — 0000 Low Mass VRs
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H — a%° & ZpZp — €000 High Mass SR

S‘ - T T T I T T T T I T T T T I T T T T I T T T T I T 1
8 C 4e channel [2 evts] ATLAS O
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H — a°a° & ZpZp — (040 High Mass Event Displays 32 /14
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H — a%a° & ZpZp — 0000 Fiducial Region

H—ZX -4 H— XX — 40 H— XX —4p
(15 GeV < mx <55 GeV) (15 GeV < mx < 60 GeV) (1 GeV <mx <15 GeV)
Electrons Dressed with prompt photons within AR = 0.1
pr > 7 GeV
In| <2.5
Muons Dressed with prompt photons within AR = 0.1
pr > 5 GeV
In| < 2.7
Quadruplet Three leading-pr leptons satisfy pt > 20 GeV, 15 GeV, 10 GeV
AR > 0.1 (0.2) between SF (OF) leptons | -
50 GeV < mi2 < 106 GeV m34/mi2 > 0.85
12 GeV < m34 < 115 GeV 10 GeV < mi234 < 64 GeV 0.88 GeV < mi234 < 20 GeV
115 GeV < mye < 130 GeV 5 GeV < mia32 <75 GeV if 4e
m12,34,14,32 > 5 GeV or 4
Reject event if either of:
(Mg — 0.25 GeV) < mi234,14,32 < (My(25) + 0.30 GeV)
(m-r(ls) —0.70 GeV) < mi12,34,14,32 < (M (3g) +0.75 GeV)
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H — a°a° & ZpZp — 040 Model Independent Limits3* /14

El 7 7 T T T = :
77 | = 4echamel ATLAS Simulation £
% 13TeV, 2 4e 2e2y 4p
0.9¢- 77, | ##2e2y channel o
g
77 | =4 channel HooXX -4 s
0.8% % 2
’ % E
£
=
0757 77 8
7 g
' o
7,
% g
% ]
7
04 7%
7
. 7 7
0.3 %
7
7%
o. %,
&) 10

Elliot Reynolds & BSM Higgs Decays CIPANP 2018




H— ZZp — ££6£ Backup
Materials



H — ZZp — 0000 Event Selection

H—ZX -4 H— XX — 40 H— XX —4p
(15 GeV <mx <55 GeV) (15 GeV <myx <60 GeV) (1 GeV <mx <15 GeV)
- Require at least one quadruplet of leptons consisting of two pairs of same-flavour opposite-sign leptons
- Three leading-p leptons satisfying pt > 20 GeV, 15 GeV, 10 GeV
- At least three muons are required to be reconstructed by combining ID and MS tracks in the 4p channel
- Select best quadruplet (per Leptons in the quadruplet are responsible for firing at least one
channel) to be the one with the trigger. In the case of multi-lepton triggers, all leptons of the trigger

(sub)leading dilepton mass must match to leptons in the quadruplet
(second) closest to the Z mass

- 50 GeV < mi2 < 106 GeV
- 12 GeV < m3q < 115 GeV

- m12.34,14,32 > 5 GeV
AR(¢,0") > 0.10 (0.20) for same-flavour (different-flavour) leptons in

the quadruplet
QUADRUPLET ~ Select first surviving quadruplet

QUAI)RUPLE'I
SELECTION

Select quadruplet with smallest Amygy = |m12 — m34|

RANKING from channels, in the order: 4y,

2e2pu, 2u2e, 4e
EVENT 115 GeV < mye < 130 GeV \ 120 GeV < myy < 130 GeV
SELECTION

msa/mi2 > 0.85
Reject event if:
(m_;/‘l, —0.25 GeV) < m12,34,14,32 < (m\y(Qs) +0.30 GeV), or
(mys) —0.70 GeV) < mi2,34,14,32 < (Mmy(35) +0.75 GeV)

10 GeV < mj2,34 < 64 GeV 0.88 GeV < mi2,34 < 20 GeV
4e and 4y channels:

5 GeV < mia 32 <75 GeV

No restriction on alternative
pairing
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H — ZZp — 0000 Yields 30 /16

Process 2021 202e Total
H—ZZ*" 44 34.3+ 3.6 21.44+ 3.0 55.7+ 6.3
727 — A 16.9 +1.2 9.0+1.1 25.9+2.0
Reducible background 2.14£0.6 2.7+0.7 48+ 1.1
VVV, tt+V 0.20+0.05 | 0.204+0.04 | 0.40+0.06
Total expected 53.5+4.3 33.3+3.4 86.8 + 7.5
Observed 65 37 102
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H — ZZp — 0000 Fiducial Region

H—ZX -4 H— XX — 40 H— XX —4p
(15 GeV < mx <55 GeV) (15 GeV < mx < 60 GeV) (1 GeV <mx <15 GeV)
Electrons Dressed with prompt photons within AR = 0.1
pr > 7 GeV
In| <2.5
Muons Dressed with prompt photons within AR = 0.1
pr > 5 GeV
In| < 2.7
Quadruplet Three leading-pr leptons satisfy pt > 20 GeV, 15 GeV, 10 GeV
AR > 0.1 (0.2) between SF (OF) leptons | -
50 GeV < mi2 < 106 GeV m34/mi2 > 0.85
12 GeV < m34 < 115 GeV 10 GeV < mi234 < 64 GeV 0.88 GeV < mi234 < 20 GeV
115 GeV < mye < 130 GeV 5 GeV < mia32 <75 GeV if 4e
m12,34,14,32 > 5 GeV or 4
Reject event if either of:
(Mg — 0.25 GeV) < mi234,14,32 < (My(25) + 0.30 GeV)
(m-r(ls) —0.70 GeV) < mi12,34,14,32 < (M (3g) +0.75 GeV)
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H — ZZp — €000 Model Independent Limits 38/
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H — a%a% — ~y~jj Event Selection

Selection

L1 trigger

Primary HLT trigger

Photon Selection

Jet Selection

VBF Selection

L1 _2EM15VH
HLT_ g35_loose_g25_loose HLT_ 2g22_tight

> 2 photons with E1r > 30 GeV > 2 photons with E1 > 27 GeV
> 1 photon with Ep > 40 GeV

> 4 jets, central or forward

m]V].BF > 500 GeV & VBF Leading Jet pp > 60 GeV

Elliot Reynolds

Rare & BSM Higgs Decays CIPANP 2018



H — a%a® — yvjj Kinematic Distributions
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H — a%a® — ~~jj Efficiencies

mq [GeV]  m., regime Efficiency (x1075)
A B C D
20 1 0501918 12404 3.9+1.1 6.2+1.8
25 1 0677027 26702  58+1.4 1544
25 2 0677027 26702  58+1.4 1544
30 2 1.2240.34  3.3+0.9 7.6 2573
35 2 18411 27412 93426 2746
35 3 0537520 41412 61712 3147
40 3 1.2404 33410 7.97L7 2646
45 3 2.541.0 41413 77700 1945
45 4 2.240.9 44414 59715 2245
50 4 0.93£0.30 4.4+12 50713 2445
55 4 0.3740.11 3.340.9 54713 2145
55 5 0.23+0.16  3.6£1.0 3.4+0.8 2446
60 5 0777032 3.941.0 4.9+1.4 2346
Elliot Reynolds Rare & BSM Higgs Decays CIPANP 2018



H — a%a® — ~~jj Best Fit Values

M~y Tegime Mg [GeV] s Hbke TC
1 20 -7T+18 11417 2.943.1
2 30 848 7+6 0.68+0.32 4.3+3.1
3 40 -30+£80 6070 0.35+0.19  0.67£0.33
4 50 22428 16123 0.94+1.0
5 60 -290+260 3404340 0.214+0.05 0.24+0.05

Elliot Reynolds

Rare & BSM Higgs Decays

CIPANP 2018



H — a%°% — ~y~jj Limits

M~ Tegime  mgq [GeV]

us og X B(H — aa — vvg9) [pb]

ZH x B(H — aa — ¥Yg9)

ISM

1 20 108(10.4149) 18(161%}) 0.086(0.082(:037)
1 25 104(109%55) 19(2.097) 0.034(0.036 0512
2 25 28(25%5) 51(47711) 0.002(0.084%(:6%7)
2 30 20(24541) 31(26%51) 0.056(0.046+9:321)
2 35 27(2243) 27(2.2753) 0.049(0.0403:31%)
3 35 30(36%4) 27(3.2742) 0.048(0.057+0:02%)
3 40 31(39119) 32(1011) 0.058 (0.073%(:033)
3 45 15(53*35) 63(7.513%) 0.113(0.1345(:035)
4 45 74(6s712) 92(8.41%5) 0.166(0.152(:635)
4 50 79(77417) 9.0(8:8737) 0.162(0.159+0:03%)
4 55 73 (69f}},) 9.7(9.1f};§) 0.173 (0.163f8:8§3)
5 55 48 (593‘5) 5-5(6-83‘{) 0.10 (0.12tg;g§1)
5 60 o7(s1731) 8.0(957%3) 0.14 (017092 )

Elliot Reynolds

Rare & BSM Higgs Decays
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H — a%a% — ~~jj Systematics

M~~ regime

Source of Uncert. 1 2 3 4 5
mq =20 GeV' mg =30 GeV'  mg =40 GeV' mg =50 GeV' mg, =60 GeV

Statistical 0.73 0.51 0.89 1.13 0.92
Closure 0.44 0.27 0.39 0.64 0.89
Modelling 0.35 0.34 0.46 0.42 0.65
Jet 0.58 0.38 0.25 0.90 0.71
Photon 0.06 0.05 0.10 0.12 0.13
Lumi and Pile-up 0.06 0.04 0.27 0.14 0.32
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WH — (va%a® — (v4b Kinematic Distributions (1/3)*% /16
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WH — (va%a® — (v4b Kinematic Distributions (2/3)4® /16
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WH — (va%a® — (v4b Kinematic Distributions (3/3)47/

x10° 10°
= o e e . > R o B e R
& F ATLAS -4 Data 2015 ] 3 g0 ATLAS -4-Data2015 1
Q I (s=13Tev, 321" -~ WH (x1000) 3 0 E Vs=13TeV,3.2fb" -+ WH (x1000) 7
@ [ =4jets, 22 btags [t +light 3 5 %°F 24jets, 22 btags [Jtt+light
5 *FHo2as40,m-s0Gev Hii+cs 1 5 7w Ho2a-4b,m-60Gev Hit+ce 3
o ok [t +bb E i £ [t + bb 1
E [ Non-tt B 601 [ Non-t 3
20 E sof- E
E E aof- E
B sof * é
B 20— 3
Y 10; ............ E
29900404, 0
'@' 109 £ & & ¢ 3 ?_,- 1.06 2 2
103 &, , 1.02
N N S
5 & 5 000
w 091 T 094
0 o085 [SIX]
50 100 150 200 250 300 350 400 450 500 80 100 120 140 160 180 200 220 240

My [GeV] My, [GeV]

Elliot Reynolds Rare & BSM Higgs Decays CIPANP 2018



WH — (va®a® — ¢v4b Background Breakdown
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WH — (va®a® — (v4b Hr CRs
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WH — (vaa® — ¢vAb Yields

Process (3j, 3b) (4j, 3b) (4j, 4b)
tt + light 1089 £ 76 2940 4+ 180 53 + 16
tt + cc 70 £ 28 280 £ 110 21 4 11
tt + bb 172 £ 55 610 + 160 74+ 15
tt +y/W/Z 0.8 £ 0.1 441 0.4 +£0.1
W + jets 93 + 31 129 + 40 2+1
Z + jets 18 £ 12 14 £ 10 -
Single-top-quark 135 £ 13 208 + 17 8+1
Multijet 48 £+ 20 67 + 28 4+2
Dibosons 4+1 9+ 1 0.6 +0.4
tt+ H 0.7 £ 0.1 4+1 0.8 £ 0.2
Total 1640 + 58 4270 + 130 165 £+ 15
Data 1646 4302 166
WH, H— 2a — 4b

mq = 60 GeV 10 £ 2 9+1 3+1
mq = 40 GeV 11 + 2 10 + 2 2+1
mq = 20 GeV 6+ 1 5+ 1 0.7 £ 0.2
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WH — (va®a® — (v4b Systematics

Systematic uncertainty (%] WH, H — 2a — 4b  tf + light tf+cc tf+bb
Luminosity 4 4 4 4
Lepton efficiencies 1 1 1 1
Jet efficiencies 6 4 4 4
Jet energy resolution 5 1 3 1
Jet energy scale 4 2 4 3
b-tagging efficiency 17 5 5 9
c-tagging efficiency 1 6 12 4
Light-jet-tagging efficiency 2 29 5 3
Theoretical cross sections - 5 5 5
tt: modelling - 6 45 26
tt+HF: normalisation - - 35 18
tt+HF: modelling - - - 5
Signal modelling 7 - - -
Total 21 31 54 21
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