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Higgs Boson Decays
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Higgs boson observed as a resonance in

several decay channels
Many BSM theories predict additional decays
« Higgs Portal models of dark matter
 Theories of Neutral Naturalness
 Models with an extended Higgs sector e.g. 2ZHDM+S, NMSSM
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LHC Higgs XS WG




SM Higgs Boson Decays

Higgs boson branching
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Available measurements
are only able constrain
BSM decays to ~ < 25%
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LHC Higgs XS WG


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

-Xxotic Higgs Decays

Higgs decays in the SM are suppressed by small Yukawa couplings, loops, or
multi-body phase space
Dominant decay to b-quarks suppressed by tiny coupling yb ~0.017
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even a small coupling to another lignt 9 10203040 50 60
state can open up additional sizable m, (GeV)

decay modes Phys. Rev. D 90, 075004 (2014)

. arXiv:1312.4992
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Motivations for New Light States
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Fermi-LAT, arXiv:1511.02938

C. Boehm et al. arXiv:1401.6458

-W Baryogenesis
EW symmetry breaking as a
1storder phase transition
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Profumo, Ramsey-Musolf, Shaughnessy, JHEP 0708, 010 (2007) arXiv
and many others
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Naturalness

Chacko, Goh, Harnik 2005
Craig, Katz, Strassler, Sundrum 2015

More on axions later...



BSM Decays and Couplings

X and Y are SM particles

Flavor violating couplings

FV In quark sector also considered

Long lived particles (LLP)

are sensitive to a
broad range of X

Many possible X
signatures that o (P é

Invisible Decays

f X
f N

f X
lifetimes (LLP) E ]]z

X gives Etmiss signature
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Invisible Decays
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Higgs Decays to Light (Pseudo-)Scalars v

challenging signatures because decay " X
products are low pr and may be overlapping — - -

f Y
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S 2b2P  highg/B
10~

Comprehensive review

exotichiggs.physics.sunysb.edu

Phys. Rev. D 90, 075004 (2014)
arxiv:1312.4992

m, [GeV]

pair Br:SM Yukawas
Example benchmark SM+S model
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http://exotichiggs.physics.sunysb.edu

Higgs to Light Scalars: h—=2a—4uy |cms. !
¢ \\ \
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arXiv:1812.00380
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M,4 [GeV]

Verena Martinez Outschoorn — January, 2019

25

20

15

10

Higgs to Light Scalars: h—2a—4p
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Strategy

ATLAS

. EXPERIMENT
Events with 4 muons

Search for excess in dimuon pairs of
similar mass m12 ~ mz4 with may ~ mp

Main backgrounds bb and J/W events &
electroweak processes (ZZ, h—/Z/%, etc)
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Assume SM on

JHEP 06 (2018) 166 arXiv:1802.03388



Events / 5 GeV

JHEP 11 (2018) 018 arXiv:1805.04865

uu + ut,
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Higgs to Light Scalars: h—2a—2u2t
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Strategy
 Events with 2 muons and 2 taus (e,u,Tn)
* Search for excess in dimuon spectrum
Main backgrounds misidentitied T & ZZ

h B(h—aa—2u2t)

o
SM

95% CL limit on S
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r 95% expected ]
sl -

20 25 30 35 40 45 50 55 60
m, (GeV)
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Higgs to Light Scalars: h—2a—2u2b

000" S

n U * Events with 2 muons and 2 b-jets
* Search for excess in dimuon spectrum

o
0000 < S Main backgrounds Z+jets and tt

&
arXiv:1807.00539 >

n n S

L =

i “s\\ \ \

EXPERIMENT <H
{0 N L B L B L B L R L L EELL AL I
® E ATLAS o Data =
E\D, 35 1 2444 SMtotal
~30E- Vs=13TeV, 36.1 for DY +jets 3
= E SR tt =
§25 — B Other =
T ARV — m,=60 GeV I
20 = e —— m,=50 GeV "3
15E el s A —— m,=40 GeV _=
- e , —— m,=30 GeV
— e % — m,=20 GeV —
i&‘ 2. ' (B=0.04%) 3
c% -+ RN NS T I IO ;"l""l"_
E ’ : /////}/ % ; //}/i i//////* +///% -
8 o [ ; ; ...................................................... é ..........................................................
O I BRI S ST SRR RTI R SRR SR B

20 30 40 50 60 70 80

m,, [GeV]

Verena Martinez Outschoorn — January, 2019

Events / (0.85)
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Higgs to Light Scalars: h—2a—2u2b

OO0 <~ Stategy

N U * Events with 2 muons and 2 b-jets
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target 2mp = Mma < mp/2
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10°

102

10

1

107"

1.375
1
0.625
0.25

Data / Pred.

-1 08 06 04 02 O 02 04 0.6 08
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e Strategy ATLAS

EXPERIMENT

e Events with 1/2 leptons & 3/4 b-jets

 Use multivariate technique and
complex background modeling

@  Main backgrounds Z+heavy flavor &
a 7 @ tt+heavy flavor
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* Type I: all fermions
couple to Hy

* Type ll: MSSM-like,
dr and er couple to
H1, Ur to Ho

* Type lll: lepton-
specific, leptons/
quarks couple to H1/
Ho respectively

e Type |V: flipped, with
URr, €r coupling to Ho
and dr to Hj

New calculations
iIncluding quarkonia
regions
JHEP3(2018)178

From LHC Higgs XS
WG on Exotic Decays

/N

= BR(a—XX
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107°E
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2HDM+S Models _

* Type [: all tfermions
couple to Hy

e Type Il: MSSM-like,
dr and er couple to
H1, Ur to Ho

* Type lll: lepton-
specific, leptons/
quarks couple to H1/
Ho respectively

* Type IV: flipped, with
UR, €r coupling to Ho
and dg to Hj+

New calculations
iIncluding quarkonia
regions
JHEP3(2018)178

From LHC Higgs XS
WG on Exotic Decays
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Higgs to Light Scalars: Summary

Results are model dependent = assume BR(a—XX)

Example benchmark model 2ZHDM+S Type |

<
< | T |
T 1E
—bb g |
m L
ofe 10_1?ﬂﬂ
up i |
T 10‘25—
— vy ;
99 [ 1o E
:I | I 1:-
1 10 Ma [GeV

JHEP3(2018)178

Verena Martinez Outschoorn — January, 2019

lll 1 1 llj

1 10 60

m, [GeV]

£

ATLAS

EXPERIMENT

ATLAS Preliminary

Run 1: {s =8 TeV, 20.3 fb™
Run 2: {s =13 TeV, 36.1 b

2HDM+S Type-1

observed

Run 1 H— aa— uutr
Run 1 H— aa— yyyy
Run 2 H— aa— puup
Run 1 H— aa— yyjj
__ Run2 H— aa— bbbb

Run 2 H— aa— bbuu

ATL-PHYS-PUB-2018-045

17



Summary 2HDM+S

* Type I: all fermions
couple to Hy

* Type ll: MSSM-like,
dr and er couple to
H1, Ur to Ho

* Type lll: lepton-
specific, leptons/
quarks couple to H1/
Ho respectively

e Type |V: flipped, with
URr, €r coupling to Ho
and dr to Hj

ATL-PHYS-PUB-2018-045
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95% CL on
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o
N

Type ll, tan 3 =0.5

107

—_
o
[=2]

—_
o
[4)]

= — —
o —_
L . o R <

ATLAS Preliminary

Run 1: {s =8 TeV, 20.3 fb™
Run 2: {s = 13 TeV, 36.1 fb™

2HDM+S Type-1

\\\\\\

observed

Run 1 H— aa— putr
Run 1 H— aa— yyyy
Run 2 H— aa— puup
Run 1 H— aa— yyjj
Run 2 H— aa— bbbb

Run 2 H— aa— bbuu

1

1
10
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Summary 2HDM+S  1e

e Type |: all fermions P
couple to Hz

e Type II: MSSM-like, J

dr and er couple to > o
H1, Ur to Ho

- —_

—
<

* Type lll: lepton- °
specific, leptons/
quarks couple to H4/ o I —_
Ho respectively m, [GeV] ! ° _ [Gevi"
* Type IV:flipped, with Type IV, tan B = 0.5 Type IV, tan B = 5
Ur, €r coupling to Ho 5 o — T g
and dr to H1  ATLAS Preliminary 1™ 1 “’E 3
Run 1: Vs = 8 TeV, 20.3 fb” @ 10 @ 10°g =
Run 2: {s = 13 TeV, 36.1 fo’ OITo%mS OIT% = . 3
2HDM+S Type-1 5 10° go
=== expected + 10 Elg 10 C_IJ
observed S &\c;
Run 1 H— aa— uutt @ 10" @
AT LAS Run 1 H— aa— yyyy °
EXPERIMENT
_ Run2 H— aa— ppupn
ATL-PHYS-

PUB-2018-045
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Run 2 H— aa— bbbb

Run 2 H— aa— bbuu




Higgs to Light Scalars: Summary

ATLAS

EXPERIMENT

2HDM+S Type-III, tanf3 = 2 | 2HDM+S Type-III m_ =40 GeV
ATLAS Preliminary 3 ' DR | ———3% § " |
Run 1: {s = 8 TeV, 20.3 fo™ 0 10° : % N
Run 2: {s = 13 TeV, 36.1 fb” ;;; 10° D 10°L
IX %104 DIT(% E
© ‘b 108 Cb N
=0 expected =1 o 5 ° 10k
observed ) 10 O g
Run 1 H— aa— uutt 32 10 1 == BEY4 &\C; :
8 1 """"""""""'TT",' . 'f"':'w S 10 =
Run 1 H— aa— yyyy 10 s STV B E
Run 2 H— aa— puuun 107 :
107° k3
Run 1 H— aa— yyjj . E
10 AN G nas 7 n
— Run2 H— aa— bbbb 107° 10
-6 | N A A A I E o0 1 [ R T B
— Run2H—aa— bbuu 0 10 : 60 0.5 1 10
m, [GeV] tanp
ATL-PHYS-PUB-2018-045
Analyses starting to probe interesting region
— stay tuned for updates with full 13 TeV dataset
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Axion-Like Particles (ALPs)

From M. Neubert

Couplings of an axion-like particle a to the ) ! ) !
SM are described by T f - - W
v gl
Lt = 5 (0)(0%) = ¢ 2+Zcff Py Several interesting channels at the LHC

e.g. h—aa—4qg, 4y, 2y2g

+ 92 Cac A G’ﬁ,, G" 4+ g* Cww A W[ﬁj Wt 4 g2 Cpp % B,, B" _
1 103 r \\\"\' @)
[Georgi, Kaplan, Randall 1986] CAST LEP S
i + N\ —
ete” SUMICO T —inv.+y \* =
10} / _
® — 1]
| 3 E
; S — T %
o 103 = i o
A~ "g cc S 10—3
< = =
0 - < e b b S SN1987a
1k
S
— —
1076
— Y9 i Cosmology
1073
1 1 L1 1 1111 1 1 L1 1111l 1 1 L L1111 — 37—‘- L L L L 1 1 1 1 1 1 1 1
10! 1 10 102 10~ 107° 1077 1 10°
m, [GeV] m, [GeV]

See presentation by M. Neubert at workshop last Friday

[Bauer, Neubert, Thamm: 1704.08207, 1708.00443, 1808.10323 (+Heiles)]
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ALP-like Signatures: h—2a—2y2; @
ATLAS

EXPERIMENT

.. e Strategy
[l er : : : -
q q J9 * VBF selection: 2 jets with large rapidity
gap An(ji1,j2) & large mass m;
. * Select 2 photons and 2 more jets with
o Myy ~ My
V n < g + Main backgrounds yy+multiple jets
g —~ 0-5 | | | | | | | | | | | | | | | | | | | | | | | |
o) _ ATLAS ® Observed 95% CL limit -
q q ?- B _1 — — - Expected 95% CL limit T
> ) B B B -~ 0.4._—\/E =13 TeV' 36.7 fb Expected limit 1 ¢ ]
g _ ATLAS VBF Signal MC _| rTU B Expected limit £2 0 7
o 0.4 vs=13Tev,367f " 7~ 99FSignalMC- © - .
:| E + Data E T 0.3_ E E E ]
0 - : T B : : : |
c 930 Before I -
> - . 2 : : : —
w 0.2[ VBF i - &l B -
c | selection [ : ' | ; B
s | S° N g 0.1 i ﬁ -
= O.lj : .';,. . — B \ : i
O B :o. l-"u.__°_o.. ] B : o : : N
L — Afe'Tix T l-"!' }.-'_.Tt 0.0_| C ; R : R : Lo : R
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Models with Exotic Decays to Vector Fields (ZaZ4)

« Models with additional U(1)p gauge

symmetry predict a new vector field 0l
(Z-dark, Zq) )

« Phenomenologically, it has been used %%

to explain the muon anomalous |
magnetic moment and anomalous 03
cosmic ray spectra in experiments like &
PAMELA and AMS

light hadrons

0.2
Higgs mixing ur
parameter Zg 0.1 |
H_ _@- - - |
K a 0.0—F

Zg
Phys. Rev. D 90, 075004 (2014)
arxXiv:1312.4992
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http://exotichiggs.physics.sunysb.edu

/-Dark Signhatures: h—ZqZq—4%

‘00000

DN
Q- e S I QS

0000C ¢
* Similar strategy as 4y, but including

4e and 2e2u categories

* Main backgrounds electroweak
processes (ZZ, h—//*, etc)
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ATLAS

EXPERIMENT

> 102 E T T T T | T T T T | T T T T | T T T T | T T T T | T E
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BSM Decays and Couplings

X and Y are SM particles

Flavor violating couplings

lepton decays

T s
h < h <
SRy g

FV In quark sector also considered

: Long lived particles

Verena Martinez Outschoorn — January, 2019

LLP

Invisible Decays

Many possible X f X
| signatures that ho (P <¥ _h_ -
. aresensitivetoa - - — —e : “
broad range of X é
lifetimes (LLP) ;

X gives Etmiss signature
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Many models motivating Higgs decays to LLPs, for example
NMSSM [Chang, Fox, Weiner 2005]
Hidden Valleys [Strassler, Zurek 2006; Han, Si, Strassler, Zurek 2007]
Twin Higgs [Chacko, Goh, Harnik 2005]
Fraternal twins [Craig, Katz, Strassler, Sundrum 2015]

Motivating LLPs

LLPs are generic
in SM & BSM

/ Off-shell decay \

™ — ,ufﬂu

m 4
<o ()
mw
Split SUSY

’ .

Hidden

\\¥ vamwg//

I‘Ng2<ﬂ) m

M
/Small splitting \
n—pe Ve

Pure
gauginos

7’

Stealth

\\¥SUSY 4 / 4//

E.g. small couplings,
hierarchy of scales

/ Small coupling \

h— ete™

See presentation by N. Craig at workshop last Thursday
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From N. Craig
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Higgs to Light Scalars: h—2a—4b
Long-Lived Interpretation

25F T AT | LA T '; ]
5 ATLAS %
E : / 1
ZE_E \'s=13TeV, 36.1 fb Assume
i ——m,=20GeV -e Observed
- m, = 30 GeV -&- Expected SM OVH
1.5 —m, =60 GeV

T
o

95% CL upper limits on B(H—aa—4b)

1 . BR=1

o5-¢: -
-0 i e, Tl i
O i 1 | 1 1 1 I | | | | 1 1 1 I | | | ]

10 1

+—>
ct, [mm]

JHEP 10 (2018) 031 Increased
arXiv:1806.07355 D- jet
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Higgs to Light Scalars: h—2a—4b
Long-Lived Interpretation

This result

arXiV:1 806-073NWW T T | LI Z B 2L R W LA T 2 B D 2l e g .
g [T~/ | /3
© 1 o LV !
IT - 8 dlsplaced ERE .g
@ - | vertex | |i\ S
S - sweet §: \: \. /
@ 10 ¢ ATEAS ] spot il \i o S
= - i \s=13TeV,36.11b AW\ =
— - 1 -e-m,=20GeV ]
9 i —e-m,=30GeV S\ _
o 5 —-e- m, = 60 GeV \ ‘
2 107 =
O - . i \s=8TeV,19.5fb",20.3 b =
o - £ arXivi1504.03634 arXiv:1501.04020 -
oS S — m,=10GeV - m, = 10 GeV
» O: —m,=25GeV  ----- m, = 25 GeV
1073 = 1 ——ma=40GeV . m, = 40 GeV E
[ ;llllll | llllllll | llllllll | llllllll | llllllll | llllllll L 1 1]
3 _ _
10* 10~ 10° 107" 1 10
ct, [m]

JHEP 10 (2018) 031
arXiv:1806.07355
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Dedicated
long-lived
searches
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LLP

TIQY

Many analyses from
ATLAS, CMS & LHCDb
targeting range of LLP
signatures & lifetimes
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—Xperimental Signatures

| disé\‘ppearing'dr.
displaced kinked tracks

multitrack vertices

q

\

s non-pointing
A (converted) photons

_ emerging jets
lepton-jets, or

lepton pairs

trackless,
low-EMF jets

quasi-stable

multitrack vertices in the
muon spectrometer

From H. Russell
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Long Lived Decays: h = displaced muons @)
L

e Strategy A EXPERIMENT

Signal « Search for displaced
00060 /D f<U+ vertices (DV) in the muon
h  (LLP) - system
A -  No tracks in inner detector
200000 70 (Lpy © Low backgrounds

In ATLAS can detect dimuon DVs in large decay volume

E‘ 103 |||||| T T ||||||| T TTTTI T TTTTT T TTTTI T TTTT g LU 10_4 EI | T T T | |§
L - ATLAS ; - ATLAS -
2 1% Vs=13Tev 32910 - 10° E
= - m; 660 Ge\a . sl Vs = 13_1TeV - Excluded at 95% CL, B(H- Z;,Z) = 10% -
E 10 = e Exggé‘t’gd = 10 = 3291 =
o - metio = - Excluded at 95% CL, B(H— Z,Z;) = 1% .
Q. - +t2o0 B(Z —>uu)=0.148 10—7=_ _
S e\ f BH-Z,7)=01 - S 5
d : : o ;_ \ -
L 10N BH=7Z,75)=001 - - ]
I 10t ——
107 E - E
- - 10 .
10° | | | | | | L i -
[N L1 Lt | L1 L i L 1L | 111m 10—11 L1 | L L L1 | L L L1 | L L1 1 | L L1 | Ll 11 | L1 1 | L1 1 | L 111 | |
10~ 1 10 102 10° 10* 10° 1 06 107 20 25 30 35 40 45 50 55 60
ct [cm] m, [GeV]
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LL Decays: h = displaced jets in muon system @)
Signal ATLAS

St J[ * EXPERIMENT
£ ° rategy
“00000" i | +  Search for multitrack
A S | displaced vertices in . <4
I muon system
‘00000 é f * No tracks in inner detector

nor calorimeter signals

N g E Ty TTTITI —_:: T T T 11711
L — B
~ ) ) / 8 § B 1N y = i 102 ;_
Q -
X 10\ =
°
S 1 =
E a1l
§ 1072 = o e T T =
S - ¥ — vbb, m_ =10 GeV (comb.)  J
/ J a1 0° E ATLAS p ¥, — vbb,m =30 GeV (comb.) =
............................ | Z =B O - {s=13 TeV, 36.1 fb x — vbb, m_ =50 GeV (comb))
\ii X 10 = % — vbb, m =100 GeV (2MSVx) 5
8 - IIIII| | IIIIIII| | IIIIIII| | IIIIIII| Illﬁ
1072 10~ 1 10 10° 10°

% proper lifetime (ct) [m]
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LL Decays: h — displaced jets in calorimeter @)

° Strategy EXPERIMENT
e Search narrow jets with

00000 7 a low ECal energy &
. £ no associated tracks

A — m— —

Signal

large HCal
deposit

little or no

75" q° Low backgrounds ECal energy
100000 (LLP) < — non-collision: cosmics, ‘
q beam halo, e “\‘ no tracks
D 107 CATLAS ' = &
g E=13Tev, 36.1 fb-1 E — 1 T TTTIT™ T T T TTTTI T T T TTTTT T T T T [N 4
w 10° - N o
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| - ] N N i
g 10° BW -y 1 i ]
E . Dtop E I - —
3 W zsjets = o ol N e |
o [JOtherMC ] 107 E
10 -
= 10°E E
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Verena Martinez Outschoorn — January, 2019 arXiv:1811.02542 32



BSM Decays and Couplings

X and Y are SM particles

FV In quark sector also considered

Flavor violating couplings

Long lived particles (LLP)

Many possible X
signatures that o (P <

are sensitivetoa - — - -
broad range of X é
ifetimes (LLP)

Invisible Decays

X
N

X

X gives Ermiss signature

Verena Martinez Outschoorn — January, 2019
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Invisible Decays

Many analyses targeting different Higgs
production modes

’ VBF

9 "000000) Z—0L: smallest o
o fusion high S/B
2 OS/SF leptons (ete-/u+y-)

9 7000000 Invariant mass close to my

largest © medium o
low S/B high S/B

Dijet system with

large rapidity gap - An(j1,j2)
large dijet mass - mj;

W/Z—9q: medium o
medium S/B

High pr jet recoiling
against large Ermiss

resolved or boosted jets
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Invisible Decays

e Strategy — focus on VBF - most sensitive

* Search for dijet events with large rapidity gap
ANn(j1,j2) and large mass m; & MET

* Major challenge for trigger

* Large backgrounds, mainly Z and W bosons -split
into strong and EW components
35.9 b (13 TeV)

> :II|||||||||||||||||||||||||||||||||||||||||||||
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>

L

; S+SS’yBSitnv=1 L b-only fit - W(lv)+jets (EW) - Top quark
CT EXPERIMENT ibosons Other bkgs.

Events
3,
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VBF H(125)—>inv. = — ggH(125)—inv.

107"
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| | | |
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Invisible

W/Z H

s
III|I

\
N

q W/ZH l\‘
X
%

Upper limit on BH- inv
-
@)

ATLAS-CONF-2018-054

O _ I

For osm B(H—inv) < 26 (17)% observed (expected)
I I I

Decays Summary
! I I

@ ATLAS Preliminary
\s=7TeV, 4.7 fb"
QI!TIﬁNST \s =8 TeV, 20.3 fb™

Vs =13 TeV, 36.1 fb™

* —— Observed limit
VBF | H< ssasas Expected limit 1o
g wans EXpected limit 20

q q All limits at 95% CL

V(had)H Z(lep)H
Run 2 Run 2
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VBF Combined Combined Combined
Run 2 Run 2 Run 1 Run 1+2

similar results from CMS arXiv:1809.05937
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Future Prospects

f
Projections to HL-LHC and especially to future a /< f
colliders shows major gains in sensitivity h <
. \ X
Mixed modes largely uncovered at the LHC a s Emiss
1 95% C.L. upper limit on selected Higgs Exotic Decay BR
= current imi CETETT ~
o m CEPC (5.6ab™")
* -1\ [
O C?EPC (5.6 ab L
£ 102
h
d
¥
m 1073
1074

Vg, ©b)iyg Urmg, (Demg Pormg, The, TTimg, B0)bp) (COegy W) By (g Uy (v,
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X and Y are SM particles

BSM Decays and Couplings

Flavor violating couplings

FV In quark sector also considered

Long lived particles (LLP)

are sensitive to a
broad range of X
ifetimes (LLP)

Many possible X
signatures that o (P <

Invisible Decays

f X
f N

f X
< ]1;

X gives Ermiss gignature

Verena Martinez Outschoorn — January, 2019
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Flavor Violating Couplings: Lepton

“00000"

A —

“00000?
JHEP 06 (2018) 001 arXiv:1712.07173

e Strategy

o Search for £1 in multiple decay
modes for the tau (£Te, £Thaq)

« Multivariate analysis including
collinear mass distribution

 |arge backgrounds, mainly Z—TT

Decays

35.9 b (13 TeV)

CMS

Events/bin

-¢- Observed

Ry aym
Diboson

Z—1t

tt,t+jets

W+dets, QCD 7

] SM Higgs = H—pt (B=20%)—
Bkg.unc

13 TeV: Br(H—=p1)<0.25% (0.25% expected)
Br(H—=e1)<0.61% (0.37% expected)
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Flavor Violating Couplings: Lepton Decays

LHCb (5 =8 TeV -
B —e— Data _
10 - vy 7—>1T"
N T N\ Z-=0T
8 t QCD ~
“00000) : t o eV
. 6 gz Other —
- _ H (125 GeV/c?) -
A - - - - 4_ H L —
TOO00 Y jﬂw L1 F
. NN =/, /47 === 1 i F S | N B N B
EPJC 78 (2018) 1008 arXiv:1808.07135 0} - -t e
m(utys) [GeV/c?]
Taus reconstructed in 4 channels 0F LHCb fs =8TeV 5
(L1e, L1y, £Th1, £Th3) 25; @ %:;lr —
20 F _% ——— QCD —
Complementary to ATLAS & CMS o I D
probing different phase space region : T H (125 GeVie?)
10F - =
3 | m -
13 TeV: Br(H—u1)<26% A
0 50 100 150

Verena Martinez Outschoorn — January, 2019

2F

200

m(uty;) [GeV/c?]

200
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Flavor Violating Couplings Summary

Lepton Couplings
B CMS M ATLAS [ LHCD

How 1.4

H—eu

0] 7;5 1.5 22 5 3.0
95% C.L. upper limits on BR [%]

CMS arXiv:1502.07400, arXiv:1607.03561, arXiv:1712.07173
ATLAS arXiv:1508.03372, arXiv:1601.03567, arXiv:1604.07737
LHCb: arXiv:1808.07135
CMS arXiv:1410.2751, arXiv:1610.04857, arXiv:1712.02399
ATLAS arXiv:1403.6293, arXiv:1509.06047, arXiv:1812.11568
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Quark Couplings

B CMS

B ATLAS
0.47

t—=cH

0.11

0.47
t—uH

0.12

0 0.125 0.25 0.375 0.5
95% C.L. upper limits on BR [%]

t* N

Both are sensitive to |Yig|2+|Yqi|2
ATLAS arXiv:1812.11568



Summary & Outlook

* Program of dedicated searches for
non-standard decays of the Higgs

hoson ongoing I -
 New light resonances 5

 Long lived particles
 Flavor violating couplings
* Invisible decays Flavor Violating

* Signhatures motivated by broad range of
phenomenology

* Need to continue to explore possibilities
INn as many channels as possible to
cover full spectrum

e For example: gaps in LLPs, mixed 0
decays

_h <

Light Scalars

Rei;sults arie
model dependent

Long Lived

Invisible

17.5 35 52.5 70

¢ 95% C.L. upper limits on BR [%]

f
- % More results expected soon
< Emiss with full 13 TeV dataset
X
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