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Introduction

Since the discovery of the Higgs in 2012,

measurements agree very well with the
Standard Model.

[arXiv:1606.02266]
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But still unanswered questions for which
Higgs could play a major role, such as:

@ Fine tuning?
@ Dark matter?

@ Matter/antimatter asymmetry?
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Many BSM models predict nonstandard
“exotic” decays of the 125 GeV Higgs.
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Measurements of visible decays limit
branching fraction to non-SM particles:
Bgsm < 0.34 (0.39).
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Still plenty of room for beyond-SM
physics in Higgs decays!
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ATLAS Run2: Bgsy < 0.47(0.57) [ATLAS-CONF-2019-005]
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Searches covered

All results include 13 TeV Run 2 data through 2016.

H — long-lived particles covered in Hideyuki's talk

CMS H — aa decays covered fully in Alexis’s talk

Invisible Higgs decays

VBF + (H — inv)
(Z = 0) + (H — inv)

(V — had)/monojet +(H — inv) H — aa — yvgg

Higgs — scalars
VH — Vaa — (£€/v)bbbb
H — aa — bbupu

Dark sector Higgs decays
H— Z4Zy — 40

H— ZZy — 40

Also H — aa — 4¢

H— er/ur
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Invisible Higgs decays

A weakly-interacting, massive dark matter particle would be expected to
interact with the Higgs.

Many BSM theories predict Higgs decays to “stable” dark matter particles.J

SM BR for H — invisible Bj,,(4v) is ~ 0.1%. J

Look for VBF / W/Z / jet recoiling against invisibly-decaying Higgs. J
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H — invisible: Es+ VBF

OatLA EMSZ [arxiv:1809.06682]
EXPERTMENT | 2 [arXiv:1809.05937]

Tag events via EM*s and two jets widely-separated in 7 with large mj;. J

BG mostly (Z — vv) + jets and (W — v) + jets. J

H
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CMS: Bin, < 0.33 (0.25) [95%] |
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i OV4 arXiv: .
H — invisible: EMss + (Z — (/) e [ ey

Require EXMS ~ back-to-back with Z — (/. J

BG mostly (Z — 00)(Z — vv), (Z — £0)(W — fv), and Z + jets.

ATLAS: Fit Efs*; CMS: Use BDT. J
> o 35.9 fb™ (13 Tev)
[ * Data Z+jets 600 [ T =]

[=] D;
g Vs=13 TeV, 36.1fbt W zz  wm Non-resonant-Il S | CMS ‘Z;ra i
S Wz oo g'thlers - = —vr
= at. + Syst. ”n I E
g - DM(m__ . m, =500, 100 GeV)x0.27 ‘OEJ ee+pp [} z;h;;::g-am |
[ — ZH(lI+inv) with B(H-inv)=0.3 Lﬁ 400 |- Drell-Yan —
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ATLAS: Bin, < 0.67 (0.39) [95%]  CMS: Bin, < 0.40 (0.40) [95%] |
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[arXiv:1807.114

. CMS
H — invisible: EMsS4(V — had) or monojet ¥AW4% =2 EX0i7t e

E™Miss + single jet (CMS), large-R jet consistent with W /Z decay
ATLAS/CMS), or jet pair consistent with W /Z decay (ATLAS).
Jet p y

BG mostly V + jets and tt. Fit Emiss distribution. J
> T T T 35.9 b (13 TeV)
8 ATLAS Egﬁﬁs > ‘ ‘ ‘
— s=13TeV,36.1fb" = XV+ “Single top quark Oi0t CMS
[22] == D wn mono-V
= SA: resolved topology = ’éﬂu'tl?e:ound Uncertaint, s . '
:>j 0 leptons, 2 b-tags X Preit Background Y :>j mOnOJ et [ wavysiets

—-Hoinv(B, =100%)
— - Vector Mediator Model
m, = 600 GeV, m, = 1 GeV—

miss
ET

N wwiwzizz E miss
I Top quark T
[ zvan. y+jets
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ATLAS: Bin, < 0.83 (0.58) [95%]  CMS: By, < 0.53 (0.40) [95%] )
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CMS /|
. . . | [ATLAS-CONF-2018-054]
H — invisible: Combination ?‘x‘l’*ﬁé [orXiv:1809.05037]

491" (7 TeV) + 19.7 b (8 TeV) + 38.2 b (13 TeV)
T T
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ATLAS Preliminary
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V(had)H Z(lep)H VBF  Combined Combined Combined
Run 2 Run 2 Run 2 Run 2 Runl Run1+2 o | )

Combined 7+8+13 TeV  Combined 13 TeV  Combined 7+8 TeV

o

e

Binv at 95% CL; obs (expected) J

ATLAS CMS

Run 1 0.25 (0.27) Run 1+2015 0.23 (0.24)
201542016 0.38 (0.21) 2016 0.26 (0.20)
All 0.26 (0.17) All 0.19 (0.15)
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Higgs portal

(@
©arias BB [ATLAS-CONF-2018-054)
EXPERINENT [arXiv:1809.05937]

Run 142 combination (~ 60 fb~1).

Interpret in terms of WIMP mass and nuclear scattering cross section.

' £ - - 4917 (7 TeV) + 19.7 o™ (8 TeV) + 38.2 fb” (13 TeV)
£ g%,<0u  ATLASPrelim, | o 10" - =
- Alllimits at 90% CL  1s=7Tev, 471" = 0 oot cots 3
21040 Vs=8TeV, 2031 3 B (H— inv) < 0. E
4 E \s=13TeV, 36.1 fb* E% E Higgs-portal models 3
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Higgs — scalars

Some extensions to the SM include
Higgs decays via a pair of
(pseudo)scalars, eg, 2HDM+S.

a — bb generally dominates, but
other decays may also be significant
depending on the model, such as
a— p, a—TT,a—>yy, a— gg.

Nl

Upper limit of m, < 62.5 GeV set by requirement of H — aa. Most J

searches sensitive down to 15-20 GeV.
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VH — Vaa — (£(/0v)bbbb CE R R—

Searching for H produced with W /Z. Pair b-jets to minimize Mpp1 — Mppy.

H decays via aa — bbbb either prompt|y Train BDTs for a masses of 20, 30, and 50 GeV
or with ¢ up to 6 mm for signal against tf and Z + jets backgrounds.

< Fit BDT outputs to signal+bkg.

Limits for prompt decays: 3.0-1.3 pb.
Best for ¢7, ~ 0.4 mm: 1.8-0.68 pb.

b
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Require W /Z decay and > 3 b-tags. J = rr — e —
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H— aa— bb,u,u ?f}lkﬁé [arXiv:1807.00539]

a — bb expected to dominate, but Background mostly Z + jets and tt.
a — pp can be significant in some

' Constrain using control regions and
2HDM models with enhanced lepton

search for excess in m,,,.
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VBF H — aa — YYEE Yatas [arXiv:1803.11145]
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. . o . s = eV, . —
have significant decays to g/~. - Bef =t ¢ Data ]
. . n F efore selection ]
Tag H production using VBF. £ 03 E
<3 : Myjj 1
2 photons, > 4 jets E s ' ]
VBF o F LT i
mg=t > 500 GeV E 0.1 . .-.!I. . -
100 < my~j < 150 GeV s F = teee,,
himiminialamaae® | e
[mjj — myy| < 12-24 GeV 0-% 50 100 150 200 250
% M, [GeV]
YvJ
Bkg estimated from data sidebands (ABCD). J 5 O T T ]
2 CATLAS ®  Observed 95% CL limit |
- C 1 Expected 95% CL limit ]
T 0.4FVs =13TeV, 36.7 fb " mmmm Expected limit 10 ]
C Expected limit 20
my Nevt kag o F ]
= +7 T 0.3F 4
20-25 4 6, + O3 ]
25-35 15 81 g ook E
35-45 26 3673 s f :
45-55 38 26793 0.1 3
55-60 36 66159 NN T
0'01 1 IR Lo Lo Lo 1
> 20 30 40 50 60
m, [GeV]

Scott Snyder (BNL) ; Exotic Higgs decays at the LHC DIS2019 Apr 9, 2019 13 /38



CMS H — aa

Covered in Alexis's talk
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bbrT [arXiv:1805.10191]
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Higgs decays to dark photons

Many SM extensions include a U(1) dark gauge symmetry with gauge boson Zy
mixing with hypercharge gauge boson via € and with SM Higgs via k. J

Gives rise to H — ZyZ4 and H — ZZ. )

Z, has significant decays to £/ (~ 0.2-0.3). Prompt for € 2 1075. J

May also have sensitivity to H — aa — 40 if B(a — pu) is significant.
Could be ~ 10% for Type-Il 2HDM+S with tan 8 ~ 5 and m, < 4 GeV. J
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H — ZdZd/aa — 4/

Two £ pairs: (ee)(ee), (ee)(up), (papr)(pips)-

myy consistent with my.

myg inconsistent with J/¢/T and mispaired Z.

m12/m34 > 0.85.

Consider only 4p for 1 < my < 15 GeV.

SATLAS
EXPERIMENT  [arXiv:1802.3388]
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H— ZZ; — 4¢ SAILAS | 10003300

Two £ pairs: (ee)(ee), (ee)(up), (ppe)(peps)- :
. g 102 events, bkg: 86.8 + 7.5 J
myy consistent with my.
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ATLAS H — aa summ ry Satas [ATL-PHYS-PUB-2018-045]

o
ATLAS Preliminary

=8TeV, 203 fb™

Run 2: {s =13 TeV, 36.1 fb™

= 10

x B(H- aa)

Interpret as limits on

H — aa branching ratio
in the context of specific
2HDM+S models.

2HDM+S Type-|

SRR expected £1 0
—— observed

Oy,
Osu

Run 1 H- aa— pure
arXiv: 1505.01609

Run 1H- aa— yyyy
arXiv: 1509.05051

RuUN 2 H- aa— pupp
arxiv: 1802.03388

Run 1 H- aa— yyj
arxiv: 180311145

Run 2 H- aa— bbbb
arxiv: 1806.07355

Run 2 H- aa— bbup
arXiv: 1807.00539

95% CL on

8 ATLAS Preliminary
4 Run 1 {8 =8 TeV, 20.3 fbo*
= Run 2: {s =13 TeV, 36.1 fb™*
x
o:.f 2HDM+SType-lll m, =40 GeV

AW expected +10

observed

Run 1H- aa- putt
ariv: 1505.01609

Run 2 H- aa— pppp
arxiv: 1802.03388

Run 2 H- aa-. bbbb
arxiv: 1806.07355

Run 2 H- aa-. bbuy
arxiv: 1807.00539

95% CL on

10
tanp

weType-]ll, m, = 40 GeV
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Lepton flavor violation

H — ¢¢' forbidden in SM but allowed in some extensions:

SUSY, composite Higgs, Randall-Sundrum, etc.

H — ey strongly constrained by p — ey limits: B(H — ep) < O(1079)
Limits on rare 7 decay 7 — i and 7 — e imply

B(H — pt) and B(H — et) < 10%.
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cms
H— eT/,LLT 2/ [arXivi1712.07173]

Channels: ery,, er,,, uth, pute Backgrounds: Z — 77; W + jets and
Jet categories: 0j, 1j, 2j (ggH), VBF QCD with jets misidentified as leptons. J
Use BDTs to discriminate signal.

Joint fit to BDT output.

35.9 b (13 TeV) CMS 35.9 fb? (13 Te! CMS 35.9 fb! (13 Te\
-
oo - - — 1T, 0 Jets et,, 0 Jets
5 3°F cms —+-Observed (] Z -1t 05134 04350 i hpr: BOT fit S 070%) i her: BOTfit
"B 300f- W, 2jets VBF EIZ e/t [ Lisjets E p1det [ o ovseed | e 100t | o Observed
;250 =2:‘:ﬁ°" D‘:‘V"e‘sgig% "053% 0.56%) L X Median expected 1 1) & X Median expected
4 =t Lu"gcs — Hpt (B=20%) wr20es | [ 6% expected | er, 20ets | [ 6% expected |
[P 3 9. unc. L ameoomy | B [ 95% expected Lo o0 L] [0 95% expected
DT discrim \t VBF r B et,, VBF [ )
1s0F- - H E Ysmossn | B oworwo | IR
100F _ = 4, 0 Jets . . et,, 0 Jets L.
JFHTe ; oo | B H — pr limits | oo | B H — et limits|
b, 1 Jet er,, 1Jet
0 ooy | Teonasm | H
Hr, 2 Jets er, 2 Jets
5 resasoo | Sesnaseo L
J L B L B
ut,, VBF et,, VBF J
5 macen | PR L]
06 = ) [ 02 - H- et
omwozse | X oswoamy | B
BDT discriminator 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
95% CL limit on B(H— pt), % 95% CL limit on B(H— eT), %

B(H — pt) < 0.25(0.25)% B(H — eT) < 0.61(0.37)%

VIYur P+ [You? < 1.43 x 1073 VIVer P+ [Yrel? < 2.26 x 1073
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Summary

Both experiments searching for nonstandard decays of the 125 GeV Higgs. J

Limits on H — invisible, H — aa, H - ZZ,/Z4Z4, and H — eT/ur. J

Looking forward to the analysis of the data from the remainder of Run-2. J

@ Will increase 13 TeV integrated luminosity by close to a factor of 4!
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H — invisible: EMss+ VBF FETHAS (110000602

Selection

Emiss > 250 GeV Mostly (Z — vv) + jets,

2 jets |eta| < 4.5; |An(jj)| > 4.8 (W — ) + jets.

pr(j1) > 80 GeV; pr(j2) > 50 GeV Constrain BG using CRs with 1 or 2
No additional jets or leptons Ieptons.

Final discriminant is mj;, binned: 1.1 — 1.5 TeV; 1.5 — 2 TeV; > 2 TeV.

hi ight plot
‘g 103? ﬁ shown right plof ? ATLAS B @
8¢ 137TeV, 361 Biny < 0.37 at 95% CL
o F - Data . 0.11
e Zeese, -z (exp: 0.28{{08 )
F % B+ syst
10!

T T

E NB—

0 2000 4000 200 400 600 800
m; [GeV] Emlss [GeV]
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H — invisible: Ef"*+ VBF
Selection

PS> 250 GeV

2 jets [An(jj)| > 1]

pr(j1) > 80 GeV; pr(j2) > 40 GeV

mj; > 200 GeV; Ad(jj)| < 1.5

n(j1)n(z2) <0

No leptons or b-tags.

Cms |
[arXiv:1809.05937]

Mostly (Z — vv) + jets,
(W — tv) + jets.

Constrain BG using CRs with 1 or 2
leptons.

35.9 bl (13 TeV)

>
D o ) 1
& 0'r CMS —$— paia [ zovysiets @coy

Fit shape of entire mj; distribution. g pregfiom Ewerecco El oo
o . -W(\v)ﬂers EW) -rop quark 3
w Il ovoson- [ owmerskae

Biny < 0.33 at 95% CL (exp: 0.25) J ...... vor bz v, - gz .

i ———
T T T [T [T T T T
e-fit - Post-fit Uncertainty

5.

(Data-Pred.) Data / Pred.

el b b b b b b b bee
0.5 1 15 2 25 3 3.5 4 4.5 5

m; [TeV]
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H — invisible: EM™S 4 (Z — 04

Selection
Emiss > 90 GeV; EM*s/Hr > 0.6
(HT is scalar pr sum over leptons+jets).

Z — £¢ candidate (76 < my, < 106 GeV)
AR(t0) < 1.8

E{-"iss is back-to-back with £¢ and not
dominated by soft terms.

No b-tags or additional leptons

SCATLAS
EXPERIMENT  [arXiv:1708.09624]

(Z — £0)(Z — vv) estimated from
simulation (4¢ control sample
statistically limited).

(Z — £0)(W — fv) normalization taken
from WZ data.

Z + jets estimated from data.

T
ATLAS - Data Z+jets
VS=13 Tev, 36.1 1" = zz  =m Non-resonant-li
' : wz thers
tat. + Syst.
100 GeV)x0.27.

Events / 10 GeV

Events / bk

N 1000
ET'SS [GeV]

ATLAS * Data Z+jets
_ 1 ==zz == Non-resonant-li
Vs=13 TeV, 36.1 fb ==z == Others
K Stat. + Syst.
- DM(m__ . m, =500, 100 GeV)x0.27.

— ZH(lI+inv) with B(H - inv)=0.3

Events / 10 GeV

. 1000
ETSS [GeV]

Biny < 0.67 at 95% CL (exp: 0.397317
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H — invisible: EM™S 4 (Z — 04

Selection

P > 100 GeV

Z — ¢ candidate (|mgy — Mz| < 15 GeV|)
pr(£€) > 60 GeV; AR(¢¢) < 1.8

p1"_‘iss is back-to-back with #¢, not dominated
by soft terms, and away from any jet.

No b-tags or additional leptons; no more
than 1 jet.

.

Cms |
[arXiv:1711.00431]

(Z = 40)(Z — vv) and
(Z — £0)(W — fv) constrained from
data in 3/, 4¢ CRs.

Z + jets shape taken from simulation
and normalized to data in sidebands.

Multiclass BDT improves sensitivity:

35.9 fb™* (13 TeV)
— T

T
® Data

= T
(<53
& L Cms -
— -wz
« ee+up Other bkg.
$ 10° Nonresonant
= Drell-yan
i} — ZH(inv.)
10 DM, Véctor coupling
" M. =150 GeV, m__, =500 GeV
1 232 Bkg. unc. med
107t B
107
o 15
% 1
s e 2= =i 3 T
S os | e
\ , \ \ E
100 200 300 400 500 600
P [GeV]

Biny < 0.40 at 95% CL (exp: 0.40)

Exotic Higgs decays at the LHC

Scott Snyder (BNL)

35.9 fb™ (13 TeV)

7]
= e Data
S | CMS mzz 4
= - wz ]
i) ee+pp Other bkg.
S B Nonresonant 1
= 400 [— Drell-yan —
] D — ZH(125) 4
ﬁ kg, une, ]
200 |~ —
#E
o 1.5 F
Z E
s 1E &Pt =3
g E E
S os | E
0.2 0.4 0.6 0.8
BDT classifier
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H — invisible: EM™ + (V — had)

Selection

Resolved: )
2 jets 65 < my; < 105 GeV; ET'™* > 150 GeV

Merged: Large-R jet consistent with W /Z
decay; ET"* > 250 GeV

No extra ¢; no b-tags unassociated with
signal jets.

Multijet suppression requirements.

Bin according to number of b-tags
and jet substructure variables.

Biny < 0.83 at 95% CL
(exp: 0. 58+8 %g)

Scott Snyder (BNL)

Exotic Higgs decays at the LHC

SCATLAS
EXPERIMENT  [3rXiv:1807.11471]

Mostly V + jets and tz.

Constrained using CRs containing
leptons.

> ‘ ‘ ‘
—e— Data

8 ATLAS =gt

-1
= Vs=13TeV,36.11b :| n by smgle top quark
[2]
= SR: resolved topology I:I
q>_) 0 leptons, 2 b-tags \\\\ BaCkgglajgl?glch?::g ainy
] —'H—)IHV(B =100%)

H o inv
— - Vector Mediator Model

my =600 GeV, m =1 GeV

200 400 600 800 1000 1ZOQ 1400
ET [GeV]
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cms/|

H — invisible: E* 4 (V — J) or monojet | forxiva712.02345]
Selection

piss > 250 GeV V + jets estimated from CRs with

No ¢, v, b-tags. leptons, photons.

Jet > 100 GeV and |n| < 2.4.

Mono. V- 35.9 fb (13 TeV)

. > T T T
Large-R jet > 250 GeV and |n| < 2.4 3, cMs et
65 < my < 105 GeV P mono-V - - - - Aviabvector, m,, = 20°Tev
Consistent with W /Z decay. S [ [
v > [ wwv)+jets
L I wwiwzizz
Separate mono-jet and mono-V B vt v
. [Jqco
categories.
Biny < 0.53 at 95% CL
(exp: 0.40)

5
o
a
8
<4
o
3
o
o
s
<]
=1

300 400 500 600 700 800 900 1000
pis= [GeV]
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H — invisible: Combination SBIAS  urins.conr 2010050

~ 1T C T
\é’ ATLAS Preliminary 1- ATLAS Prehm:nary
I 12 \s=7TeV,451fb* L \s=7TeV,4.7fb R
o~ Vs=8TeVv, 20.3fb* L \s=8TeV,20.31b

! Vs =13 TeV, 36.1 fo* 0.8 {s=13TeV, 36.1 "

m— Observed limit

s Expected limit +1o

wenaas Expected limit +20
Al limits at 95% CL

10

—— Run 1 combined
— Run 2 combined
== Run 1+2 combined

Upper limit on By _, inv
o

©
L s B

6 0.4
4 ] 0.2
2 1

| | | | |
| N V(had)H Z(lep)H VBF  Combined Combined Combined
- T—— L Run 2 Run 2 Run 2 Run 2 Runl  Run1+2
02 0 02 04 06 un o

Run 2 (2016): Biny < 0.38 at 95% CL (exp: 0.2175:58) [3%)]
Run 142: Bip, < 0.26 at 95% CL (exp: 0.177507) [10%]
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H — invisible: Combination

491" (7 TeV) + 19.7 fo™' (8 TeV) + 38.2 fb™ (13 TeV)

T 9 T TT T ol T T o
= ;
8) n
— 7:’ E
< h — 68% CL
QU 7 ---95%CL
5k =
45 E
F ——— Observed
3r .
E -~ Expocted
2F Combined 7+8+13 TeV ]
E Combined 13 TeV/ ]
3 Combined 7+8 TeV
05 A B I
0 0.4 0.5 0.6 0.7

B(H —inv)

Run 2 (2016): Biny < 0.26 at 95% CL (exp: 0.20)
Run 142: Bi,, < 0.19 at 95% CL (exp: 0.15)

4917 (7 TeV) +19.7 b (8 TeV) + 38.2 b (13 TeV)

CMs |

1z [arXiv:1809.05937]

o
o

/Oy

95% CL upper limit on o x B(H— inv}
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H — aa — bbupu

ptp™ with 20 <my, < 62.5 GeV.
Exactly 2 b-tags; E{-"iss < 60 GeV

=

— (mbb*mu#)z (m#m,b—125)2
A

Events/(0.85)

35.9 fb' (13 TeV)

50
CMS
+ Data (combined)

Best-fit bkg. model

4! Background-only fit

5}

4

s}

3

a

68% CL uncertainty

3

S
T[T [T T[T T[T [ TT T[T 7TT

N
a

m,, (GeV)

Extract signal via unbinned fit to my,,.

Scott Snyder (B

— 2x10
2 I 95% CL upper limits
6
g 3 PP CMS
= [ e Median expected
L [ [] 95% expected
:_‘ 1.5~ [ 68% expected
T r —e— Observed
= L
=
= L
x = r
°£| 5 1
= L
S .
0.5—

tanf

Exotic Higgs decays at the LHC

o | T R S T R A
25 30 35 40 45 50 55 60

Cms |
[arXiv:1812.06359]

-2 35.9 fb! (13 TeV)

m,, (GeV)
35.9 fb (13 TeV)

<,
2HDM+S type Il T
— — — 95% CL on :T':m xB(h-aa,) =100 10 %
x
------- 95% CL on % xB(h-aa)=0.34 oz
Sl
<
o
3
o
1=
n
(52
107
60
m, (GeV)
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M5! [arxiv:1805.10191]

H — da — bbTT/ILLILLTT ~— | [arXiv:1805.04865]
Final states: ey, uth, eth Final states: upu _|_(e'u, WTh, EThv ThTh)
At least one b-tag.
_ ‘ m¥s < 100-130 GeV;  m¥s < m,,,
Categorize based on m“'sbr7;
additional kinematic selection. J 35,9 53(13 Tev
. =

> T T T T T T T T T J
35.9 fbt (13 TeV) 8 cMS — Signal modell — Bkg. model E
> - T T T T = 7 ---Bkg.uncertainty [ |zz- 4 -
8 6000 CMS —+- Observed Cz-w = w [ misidentified t ¢ Observed 3
E oyt [z - eelup [[it+jets E o SFUM+ Ut =
S 5000F " n DCliet- 1, [ other = ‘qc: h B(h- aa- 2u21) =0.01% E
= E me=40Gev L E E B(a- 2u)/B(a- 2t)=m %m? E
2 4000 h- aa- bbrt  [[1]Bkg. unc. 3 o ( 1)/B( )= m5/m, E
g o o(h) B(h— aa— bbtt) =10 9 =
> = 2 - ]
o 3000 E E 3
2000 - = E
1000 = E
g 14 T 20 25030 35 a0 450 50 55 60
1.2
w g T S S, S SO L Y My, (GeV)
= [ % eveos QO A ¥e
82 os
(@] 0.6 .
0 60 560 300 Te) Search for peak in my,.

mys (GeV) Bkg: Mostly ZZ and Z/WZ + jets with
misidentified 7, estimated with simulation +
fake factor.

Extract signal using m¥s

Estimate bkgs with simulation + fake factor. J
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H — aa — bbr7/purt

M7 (ariv:1805.10191]
[arXiv:1805.04865]

Model-independent limits on 72 B(H — aa — bbr7/putT).

SM
bbrT HUTT
35.9 bl (13 TeV) x10° 35.9 bl (13 TeV)
§ 25FCMS —— Observed ij_ O-S-CMS —— Observed 1
_Jg —— Median expected 1 o7k —— Median expected ]
< O
T b I 68% expected “T‘ osk Combined [ 68% expected ]
g l:l 95% expected % ’ [ 95% expected
! Combined < z0.5F ]
< 15f o |
o o}
=z c
B’ =
c £
=] E—
= —
£ ©
- X
- IS
o 3
X
wn 1 1 1 1 1 1 1 1 1
@ 15 20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60
m, (GeV) m, (GeV)
3% < B(H — aa — bbr7) < 12% 12% < B(H — aa — putt) < 30% |
S
DIS2019 Apr 9, 2019 33 /38
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M5! [arxiv:1805.10191]
— | [arXiv:1805.04865]

H — aa — bbr7/purt

Model-dependent limits on 2L B(H — aa) for NMSSM models. J

HUTT
35.9 fb? (13 TeV
(13 Te )106

bbrT

35.9 b (13 TeV)
T

CMS
< 10 T T
g LE 2HDM+S type | _ % 50 E)
) X L 2HDM+S type II, tanp = 2.0 X
% "3 ‘, oS upe =20 E g ) 2HDM+S type llI 1
I . - 2HDM+S type IV, tanB = 0.5 ¥ 5
=z o7f T
s o s s oL on 90 @
B 10'g| 2
S o5 & 2
g : minn g6 ot on 9Wah - as) = 0.34 -
g 0 :
B o3 o
(@]
02 ol
0.1] Lor\c;
00 T ¢ ¢ ’
X 35 20 60 >
[T S iy,
m, (GeV) o
1
107?
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s |
h — UL Z [arXiv:1812.00380]

35.9 fb* (13 TeV,

0
1L
)

Search for h — aa+ X — pupup + X. =045 i
S 0.4

h may or may not be SM Higgs. Foas

—95% CL upper limit

< O3

AE’ 0.25

2 pp pairs, my,, < 9 GeV. < o2
. ]

myu1 and my,n consistent. ~

0.15
0.1

35.9 fb? (13 TeV) < 005
7 10

CMS
T

L
N
IS
o
®

m, [GeV]
35.9 fb1 (13 TeV)
NMSSM 95% CL upper limits:
—-m, = 90 GeV
— - m, =125 GeV
v m, =150 GeV

m(l—lli)z [GeV]
&

0
<
[0}

"
5]
&
025 GeV x 0.025 GeV)
) [fo]
B
o
R

Reference model:
— o(Pp — h, - 2a) = 0.003 x og,
o(pp — h) x B(h — 2a) =0forj#i

0.
a

107 S 10

Events
2
- 2a)B

10®

.
T

6 7 8 9 o
m(uu)J [GeV] g

10" L B
1 1.5 2 2.5 3 3.5 4

e o T . o 05
Dominant bkgs: bb, double-J/1, VV. Observe e, [GEV]
13 evts, expect 9.90 + 1.24 + 1.84.
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cms, |

h — aa — 7777/TTHI [CMS-H1G-18.006]

Require SS, widely-separated u pair, each with ~ Background mostly QCD multijets. )
a nearby OS track.

35.9 fb (13 TeV)

H ' Ze—Tobserved —m, =7GeV cms
Well separated a® g W0F — bkg(+unc) -+ m, =10 Gev Preliminary 7§
same-sign muons “ g 10 ---m,, =4 GeV ---- m, =15 GeV

nF/eT /hF

s u¥feT [hF 2 3 T
(1) Lorentz-boosted a; states s 2 4
ay g —— —p ‘ i
1 ——t man T
. . . o —~ — —~ —~ =~
I 0 hoehod
Plot masses of the two pairs and bin in 2D. J ) aenag
12 3
%‘ [ T T ] o(l)
o Preliminal
% 10 — g ) 16 Expected 7
IS | = +20 Expected
[£1.6) |(2,6) |(3.6) |(4.6) (5.6) ©.6) © excluded by the
8 -1 s coupling analysis
. £
kis) (@5) |@5) |49 | 6.5 g =
’ o
(1.4) ((2:4) |(34) |(4.4) f{\:
@3 [@3 |Ea) @
1.2) ((2,2)
@b 1 1
(o] 2 4 6 8 10 12 ) 10 15

m, [GeV] m, [GeV]
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H — ZdZd — 44

mg, [GeV]

r 4e clhannel [2 evtsl] I I ATLAI\S ]
70 @ 2e2u channel [7 evts] 13 TeV, 36.1 fb™ 7
[ v 4 channel [8 evts] H - XX - 4]

C X Failed Z veto [25 evts] -7
60— Signal region ot i
- .
50— Mmi2 VS mM3a Ke vy
40— >< l ?<0 >2 ]
C X v ]
30f— w X —
C e X" .
20— .‘X -
C o XX ° " .
D . G I R T A

20 30 40 537 60
m,, [GeV]

Scott Snyder (BNL)

Exotic Higgs decays at the LHC

SATLAS
EXPERIMENT  [arXiv:1802.3388]
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Run 2 ATLAS BBSI\/I l[imits SaTLAs [ATLAS-CONF-2019-005]
<« 8
=
G

ATLAS Preliminary =~ —— Observed
Vs=13TeV,245-79.8fo! — Observed, k>0
m, =125.09 GeV, |y, | <25 " Observed, &, < 0
[Kwy,(zy,(“,cb,,(ﬁ,(gyow ==+e= SM expected

ATLAS Preliminary /s - 13 TeV, 245 - 79.8 1o
m,, =125.09 GeV, ly,| <2.5

68% CL: —— —— ——
95% CL: —_— —_—

7

Kon = Koff

BSM] Py = 95%

(o]
R e

RIS

A
Q

Parameter  (a) Byy = Bupger =0 (D) By free, Buoge =0, iz <1 (¢) inv -

iz 111 £0.08 > 0.87 at 95% CL L

ry 1.05+0.09 > 0.85 at 95% CL H

5 1034010 0884013 undet -

Ky 10940 1% [~1.03,-0.79] U [0.93,1.24] at 68% CL -

Ky 1051018 +£0.13 H

Koy 1.05 £ 0.09 0.98 £0.07 Mt BSM :

Xy 0.00013 Loty 1027022 el b B e b b
By - <030 at 95% CL - -15 -1 05 O 0.5 1 1.5 2

Bunder - < 0.2 at 95% CL

Basm < 0.47 at 95% CL

- Parameter value
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