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Overview of rare and exotic Higgs decays
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e Decays via loops, H—Zy
e Decays to mesons, H—My
e Direct decays to fermions and bosons

H —aa, H—Za decays

Lepton Flavor Violating (LFV) Higgs decays
Higgs decays to long-lived particles
Invisible decays, BR(H—invisible) < 9%

Rare Higgs decays

p/p/INPIY 0z

Sensitivity still several orders of #
magnitude above SM predictions H—£2y evidence!

= Detection would imply BSM!

Exotic Higgs decays Lepton flavor

violating decays
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https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub
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Analyses covered 1n this talk

e Rare Higgs decays
o  H-lly

m  Low mass (m, < 30 Gel)

m H-Zy—lly

All analyses from 2021

e BSM Higgs decays and using 139" fb!
o  H—long-lived particles

o  H—aa—bbuu
o  H—aa summary plots
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Rare Higgs decays
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H—lly

UNIVERSITY OF

% TORONTO

e H— lly decays explored where I =e, p
e Analyses separated in

o  Low-mass m, <30 GeV

o m,close to Z peak

v'/Z
7'/Z ¥z )
Phys. Lett. B 819 (2021) 136412
September 21, 2021 Adriana Milic
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H— eey from ee-merged

e  Electron channel experimentally challenging due to category
low invariant mass of electron pair and high pair p_
Electrons collimated and merge in the EM calorimeter

\

Special trigger for merged electrons

with relaxed shower shape cuts deployed

=>  Dedicated merged electrons calibration procedure
and 1dentification algorithms used

merged ee
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e Event categorization based on lepton flavor and topology. SaIESOIVEd Chiannsis | ATLAS
. ee merged channels  —=e=—r (s =13TeV, 139 fo
e Background shapes taken from templates and modeled using : - Total unc.
. . pu channels b == Syst. only
analytical functions :
VBF-enriched channels ; —
o lly taken from MC , :
ngh-th channels : — =
o  p+jets and ll + jet taken from data template. Low-p,_ channels .
> 350L ATLAS | T mw ee channels ——
© Vs =13TeV, 139 fb™' Wy :
o 300F ee merged low-p_, |y uu channels : ——
§ % MC stat. error Hosv*v—s1lv alobal fit !
w ¢ Data ._)|Y’Y—>. 'Y.g|o.a.|. L l [ T B
4 -2 0 2 4
0xB/(6%xB)gy

Best-fit values of signal strength
parameters in fits for the different event
categories.
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Low m, H—Ily
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e First evidence for H— lly ! a
o 3.2 6 observed, 2.1 ¢ expected
o xsec XBR=8.7%%__fb
2
e Search statistically limited (syst. uncertainty 35% of stat. =
uncertainty) f]
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H—Zy —lly
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e Event selection
o Choose events with e'e” or 'y~ and one p
o 80 GeV<m,< 101 GeV for Z candidate
o 105 GeV <m, <160 GeV for Higgs candidate
o  Five cut-based event categories, one BDT based
categorization of VBF like events

e Fitm, with signal + background functions
o  Signal: fit with double-sided crystal ball function
o  Background shape extracted and modeled using
analytical functions
m  Zyand Zyjj from MC
m  Z+jets from data template
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H—Zy —lly

UNIVERSITY OF

% TORONTO

e Result is dominated by statistical uncertainty
o  Low BR and high irreducible background

e 2.2 g significance observed, 1.2 & expected

e (Observed 95% CL upper limit on production xsec
o(pp — H)‘BR(H — Zy): 3.6 X SM (2.6 expected)

e Signal strength:

2.0£0.9 (stat.)**4 ,(syst) = 2.0*"°
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Exotic Higgs decays
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H —aa —4b (a long-lived)
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e [Event selection
o At least two displaced vertices in inner detector with high
mass and track multiplicity
o  Two leptons from Z decay
e Displaced Vertex (DV) reconstruction
o  Specialized tracking algorithm (LLRT) that increases
efficiency for particles produced at high radius employed
o  Cutting on two variables to remove background
m  Number of tracks n_ > 3 from the DVs
m  Reduced mass m/AR > 3 GeV

(=l
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e Background estimated from CR with n, <2
o  Extrapolated to SR using the probability P ’g‘ ] N LI
. . % . é.. '/ ,:Té
to fak? a DV (depending on jet p.. and 1 S 7S
b-tagging score) T - A
e No events observed in SR q 10" A
- Limits set on BR(H —aa —bbbb) 5 - ATLAS X S ]
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H —aa —bbuu

e Large BR from bb, clean signature from puu

e Main backgrounds
o ttbar: obtained from simulation.

o  Drell-Yan: estimated from data driven

method.
ET*° [GeV]
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DY - DY
cn SRincl CR VR1
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e Train BDTs to separate signal from backgrounds.
e Several input variables go into BDT training.
e Separate BDTs trained for different signals.
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3. 0.0014[— ——— Observed 95% CL upper limit ]
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. . . . . 0.0012—ys =13 TeV, 139 fb° [ Expected limit (+ Io) —]
e Looking for excess in m_distribution. . z Expected limit (= 20) =
np S 0.001— e Observed 36 fb* e
1 o e Expected 36 fb™* §
T 0.0008[— ]
o 1 Phys. Lett. B. B
S e 00006/ - 790 (2019) 1 : =
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ATLAS-CONF-2021-009 e Excess of 3.36 (1.70) local (global) observed at ma=52 GeV
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H —aa summary plots
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e Model independent limits on
BR(H—aa—xx yy) (from 1312.4992 &
1802.0215) translated into limits on
BR(H—aa)

e  For this plot particular 2HDM + S scenario
that determines BR(aa—xx yy) was

assumed.

® tanf = ratio of vacuum expectation values
of the 2 Higgs-doublet

September 21, 2021
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Summary

e  With Run 2 data it is possible to start exploring rare Higgs decays.
o Lowm,H— lly showed first evidence of H — lly decay at3.2 ¢

o H— Zy— lly still very statistically limited

e H —aa, H—Za decays

o  Started exploring long-lived decays TELL US ABOUT _\WAIT DIDN'T YoU K5 DONT TELL US Y00
in this category. YOUR PROPOSAL- ALREADY FIND ITA EMBARRASSING. LOST IT ALREADY.
o H—aa—bb gu improved limit by v/ |JERE. REQUESTNG gﬂm Tub AGO? S T w7 LOOK.

- o " $3 BLUON IN FNDNG | % YES, WELL, M. _[I°  NOUR DEFENSE,
factor of 4 (due to. hlg.her 1um1n931ty T FIND THE. 665 BOSON. ] THNG IS TS RERLLY SPLL.
and usage of multivariate techniques) \ \_\, )

o  No significant excess observed. .
e For Run 3 more data will be available to
o  Probe Higgs boson properties more

precisely.
o  Search for BSM couplings
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Backup
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H—lly

® BR, (H—-Zy) = (1.54+0.09) X 107
Probing this coupling can give a hint to possible extensions of the SM, i.e.
o The Higgs is a neutral scalar of different origin, or a composite state.
o There are additional colourless charged scalars, leptons or vector bosons that
couple to the Higgs, due to their contributions via loop corrections.
e H— [lly dominated by the following diagrams.

¥ v vy

Phys. Lett. B 819 (2021) 136412
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https://www.sciencedirect.com/science/article/pii/S037026932100352X?via%3Dihub#fg0010

2 HDM + § inspired searches
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e Mediator is singlet (pseudo)scalar

e Couplings Yukawa-like; proportional to mass

=> Large BRstob’sand 7‘s

September 21, 2021
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https://arxiv.org/pdf/1312.4992.pdf
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H —aa —4b (a long-lived)

e Background estimated from CR withn, <2

o  Extrapolated to SR using the probability P, = C 7 31 I§
to fake a DV (depending on jet p,. and 8 5 0'_ ATES i S
b-tagging score) e [ Vs=p i !

e No events observed in SR & i ’ ©
>  Limits set on BR(H —aa —bbbb) i _ ‘F
40— - T
E 10" ATLAS . '. bata - i PR 1
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e Kinematic likelihood (KL) fit

o Used to constrain the m,, to the m A mass and improve the

resolution of the m peak.

improve

improve A

: b Smear b-jets
‘ a — p 4-momenta

g H Constrain bb
g i "\ system with uu
a *S < ﬂ
| L

narrow
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H —aa —bbuu

Fooous T omenetsctupertin]
e [ooking for excess in m distribution. T 0.0012[ 5 = 13 Tev, 130 1 = Eiﬁiiiig :?i?f’gﬁ_f}“))""e' e
. - Expected limit (+ 20 . . . . .
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. . . = ] : -1
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. @ Phys. Lett. B. ]
o  Drell-Yan: estimated from data 0.0006/ - 790 (2019) 1 . c Factor ~2 from
driven method. oo ol ¢ VeE increased luminosity
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o E 4444 SM total = 2 g HE LA AN
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Gimd

H —XX/ZX =il

l ¢ ¢
Analysis divided into three channels: Z . Z4 d s/a//<£
e High-mass (HM): A—»XX—4I iz e ____g_i_ B &
(15 GeV <m,, <60 GeV) Z%E
e Low-mass (LM): A—~XX—4u % ¢ . ¢ e Sl
(1 GeV <m, <15 GeV) ¢ ¢ ¢
e Single Z boson (ZX): H—ZX—4l
(15 GeV < m,, < 55 GeV). E 90 E—'I;T'L'A'S'P'ré“'m'in'a;y' -'Wv"'z T —
o 80 ;— s=13TeV, 139 fo! [ Reducible (Z+Jets, WZ, i) —;
i 70 ;_ZX Signal Region = :Z_);L u _i
e  Main background contributions: % 60 o
(@) H — ZZ* — 41 (N 72%) @ 50F — lzj::;::;yssaev _f
o  ZZ — 41 (~24%) o B o ome E
o  Z+jets estimated from data 30§
20 [
10
0 E

10 20 30 40 50
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H —XX/ZX =il

Combined high-mass + low-mass limits on:

o(H — aa — 4u)

4u)

o(H— Zd Zd —

TTTT

ATLAS Preliminary
Vs =13 TeV, 139 fb'—]
4y final state
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Combined high-mass + low-mass limits on:

l) [fo]

d

ZZ —4

95 % CL upper limiton o(H —
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