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10 Motivation 10

* Very narrow Higgs boson width (I'~4 MeV, F/mH=O(1O'5)) provides
strong sensitivity to new physics = even small couplings of BSM

particles to the Higgs boson (H ) can lead to sizable B(H—BSM)
= 0O(1%) coupling to a singlet scalar field s can give B(H—ss) = O(10%)!

 Non-SM decays of the Higgs boson can be inferred from couplings

measurements in the visible Higgs decay channels
» e.g. ATLAS Run-2 measurement w/ 80 fb™": Bggy < 26% ( )
= Or, B, can be directly measured by observing H—ss—77 ....

 New scalars are a part of many BSM models
=  While there are many searches for heavy (>125 GeV) BSM particles, possible
light BSM particles are not (yet!) well explored at colliders
= The Higgs boson is a well-motivated portal to other BSM sectors (e.g. 2ZHDM+S
interpretations in this talk) and represents a new tool for further discovery!



http://cdsweb.cern.ch/record/2629412
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H(125)—aa—bbbb

If a pseudoscalar a-boson mixes with the
Higgs boson and inherits its Yukawa
couplings, then a—bb decays would be

dominant for m_> 2mb

Analysis Overview

Dilepton
different-flavor

Dilepton

same-flavor

« Search using Higgs bosons produced in
association with a vector boson

= Final-state leptons provide a signature for - m,

trigger and background suppression
« Dominant backgrounds: tt+jets and V+jets

« BDT classifier used as a signal discriminant

Event Characterization CR7 1 ce/ob
CRZ 4 jets SR SR SR
CRw pjets | CRi7 + tight SR SR CRi7 4 light SR
(3j,2b)  (4i,2b) (=5, 2b)  (3j.3b)  (4,3b)  (>5,3b) (4}, 4b) (>5j >4b)

ML R R R R LS IR AR R

9 s
4 O

S IR I IR
E ATLAS

10t (=13 TeV, 36.1 fb”

E e'e/u, 4 jets, 4 b-tags
[ Hoaa—4b,m, =

10° aa , m, =60 GeV
-m_ =30 GeV
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* No significant excess over SM

Tas ' B8 : ATLAS i
prediction is observed T retevsst i
° imi ' '_D' —m,=20GeV -e- Observed
Limits set as a function of m_ A e e
and cr_ for f Oan(PP—VH)

(pp—VH)xBR(H—aa—bbbb)

and compared to the SM
iInclusive Higgs cross section
o(pp—VH)
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95% CL upper limits on 6,,,, x B(H—aa—4b) [pb]

ct, [mm]

* In some models, the proper decay length of the a-boson
Is from 10um to kilometers
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EXPERIMENT EXPERIMEN

Motivated by models where fermionic decays of §°“famas™ 7 ;sgg.gnamg
< CVs=13TeV,367f " "7~ ta' na

the a-boson are suppressed (a — yy/gg only) 3o ' s ]

Analysis Overview s 1, :

kS ey ]

) = 0.05- - %%, —

* Focus on VBF production mode to suppress g [ o ]

backgrounds (require 2 4 jets) 0.00 ity 1 VIR

. ) IM;—M_ | [GeV]

« Trigger on di-photons BT e

. g y a 1 -=-- ggF Signal MC

* Requirements on p./', mY®", m_ ., |m-m_| g PR e

£ o3t 2

« Dominant background is yy+jets which is z ) g

estimated using data-driven methods s I [Th :

g 0l [ ok, s

« Signal extracted using counts in two £ F g°  L%tees,,
0 0 -1-1-1-x-l-x-w-l!11 I 1 1 1

uncorrelated observables in (di-)photon ID TR0 10 1% 2°° 250

YYJ) [GeV]


https://linkinghub.elsevier.com/retrieve/pii/S0370269318304593

X £ H(125)—aa—yyjj il |

EEEEEEEEEE

EEEEEEEEEE

* No significant excess over SM
prediction is observed

T
e Limits set on §
o(pp—H)xBR(H—aa—yygg) 3
as a function of m_, normalized ¥
to the SM inclusive Higgs cross
section o(pp—H):
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20 30 40 50 60
m, [GeV]

o(pp—H)xBR(H—aa—yygg): 3.1 — 9.0 pb
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Search for a-boson through H—aa or Hypercharge portal

Z
Z ;. vector boson of dark sector U(1), y
_______ Z
AnaI'VSIS OVGI’VIGW Higgs portal Z, €Z%<
d
« Use combinations of lepton triggers 4 --¢ o
« Require 2 pairs of same-flavor, 2
opposite-sign leptons (e/u), Higgs 3 b i’ ! Setubteoned T g
mass window cut on m(4¢) Deomml o BRSS e
. Backgrounds: H—ZZ*—4¢f and ZZ*—41 " T
= Estimated using simulation, validated _
in background-enriched regions . E
q 45 50 55 60 ;5

(m,) [GeV] 7


https://link.springer.com/article/10.1007/JHEP06(2018)166
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= w2 o No significant excess over SM
prediction is observed

e Limits set on H—aa and H—Z
a function of m(a) and m(Z,)

(d)Zd as
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EXPERIMENT EXPERIMENT

Motivated by lepton-specific BSM models where a-boson ;oo —as

. gSSOOf_F13TV361fb O :mE=OGeV_;

decays to muons are sizable (e.g. type-lll 2HDM+S) £ Before KF e

— o o
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Analysis Overview

500t [f'E
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« Signature: 2u + 2 b-tagged jets R

>

Frr T T
& 3500 ATLAS m,=20 GeV

F Vs=13TeV, 36.1 fb" Dzhje‘s :mﬁsoee
« Single u trigger: p. > 24 to 26 GeV (run-dependent AterkE o
M T L32500 .

» Main backgrounds: DY (uu) and ¢¢production
= m, window, E.™* < 60 GeV to suppress ttbar

\‘\\\'\ T

buin

 Use a kinematic kit (KF) which exploits the symmetry /e "
of H—aa decays 2 Loron] sn ponly -ffh "3

= m, mass resolution is 10x better than m, f gy, — oo
i

. Flt b-Jet energies compatible with m, =My,
= 2x improvement of m, b resolution

Data/ SM
>0 IS

ETly ‘ i f
; g///f//}//y/wm/{,,,,:/,¢,»4/4(/4//4//;/&/4«4//////;3
[ I

100 150 200

250KL 300
mi [GeV] 9
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* No significant excess over SM prediction is
observed

Limits set for:

= BR(H—aa—bbuu) as a function of m_,
given the SM Higgs cross section:

10* —10° form =

= Visible cross section for new physics
times branching ratio to the bbuu final ;
state: 0.1 — 0.73 pb for m_=[18, 62] GeV -

[20, 60] GeV

B(H — aa — bbuy)

On
Sx
SM

x B(X — bbyy) [fb]

Gvis(x)

~ ATLAS m— Observed 95% CL upper limit
Vs=13 TeV, 36.1 fb™ — — expected 95% CL upper limit
102 U
expected limit (+ 16)
expected limit (+ 20)
107 ==
= —
_
~ -
L —
10 ==
...............

20 25 30 35 40 45 50 55 60

m, [GeV]
E A TLAS m—— Observed 95% CL upper limit
I Vs=13 TeV, 36.1 fb" — — expected 95% CL upper limit
expected limit (£ 1o)
expected limit (= 20)

IIIIIIIIIIIIIIIII
20 25 30 35 40 45 50 55 60

m,, [GeV]
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Analysis Overview
- Signature: 2u + 2 b-tagged jets :

-8 h—>aa, - uubb, m =40 GeV

* Di-u trigger with p_> 17 and 8 GeV
« Main backgrounds: DY (uu«) and ttbar

5 10
(mhmm-1 25)/c,

359 fb” (13 TeV)

ol T L T T 4 pondl o ELERN LAAL] LALES RELEN LEALY LAREY RALEN LLARS |
e} E 7 |
. g wb CMS Background-only fit % CMS
b Preliminary = Preliminary
pro UC |On 2 —4— Data (TL) < [ —¢— Data(TM)
@
2 5 Be: TL < 2 Be: ™
i 2
w

= E_™5 <60 GeV to suppress tt

. i - - g |
Select evenzt S with m, = m,, and m,, =m, s;ug++w¢.*%%*. M | H&;ﬂtﬁ%ﬁmﬁm%}%
through a x~ < 2 cut with e

. 2 — _ 2 2 _ 2 2 § il sacigroms § ous | emgmun' ;
X°=(my,-m )*/0,°+(m,, ~125GeV)y /o, R | §T T emoombined

- Events categorized by b-tagging quality P
= TL, TM, TT (T=tight, M=medium, L=loose) fv{g-xié-gf’ff%}f“M e

50 5! 60 25 30 35 40 45 50 55 60
m,, (GeV) my, (GeV) 1 1
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 No S|gn|f|cant excess over SM

-3 35.9 fb' (13 TeV
prediction is observed ~ 20 {15 Teh
- 95% CL upper limits
. 445102 % | ! cMs
« BR Limits vary from 2x10™ to 10 = [ - Medan expected Proliminary
. T,_ L[] 95% expected
depending on m_ T S m e
T - —e— Observed
CMS Preliminary 35.9 fb™' (13 TeV) CMS Preliminary 35.9 fb' (13 TeV) = i
= T @S - R
S 9F " 2HDM+S type i % S, 5E 2HDMsS type IV T % B
— —— 95%CLon o™ xB(h»aa)=1.00 5 E | ——— 95%CLon g™ xB(hoaa)=100 | 1 5 c% 11—
Y X 4F o w0 x Ol
------- 95% CL on 5" x B(h—aa) =0.34 o = F ======: 95%CLon " xB(h—aa,)=0.34 o= o)
SM o) |b(ﬁ 3.5 B SM © |b(ﬁ -
5 N 5 I§
3) g 10 o "~
2 25E 8 0.5
o 2 [ 18
158 1 r
05 OIIIIIII||IIIIIII||l||||l|||[|||||l|||||||
ST 25 30 35 40 45 50 55 60
m, (GeV) m, (GeV)

Also derived limits on type-lll 2ZHDM+S considering bbzr signal as bbuu mis-ID
12
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Analysis Overview s
% 6E. m.<40GeV, B(hsaasbbry=10%  [lzow E
H . g 5 lzjee/uu 3
* Signature: 27 + at least one b-jet i . e
3 [T other _;
. i ; S
T categorized by ey, er,, ur, B _
e Dominant backgrounds: DY(¢z) and tf 9. R

- Events with jet—7, mis-id (from W+jets, oo ?59,51;”{*;‘?;5_;
top, QCD multijets production) are also & = & o =
significant g e el
6 [[Jother 3

« Signal extracted with binned ML fit to "

M"*(z7) to probe m_= [15, 60] GeV T ———



https://arxiv.org/abs/1805.10191

o Soencia

Conpoct o
st

x H(125)—aa—bbtr > X

* No significant excess over SM
prediction is observed 359 (13 TeV)

/<°\ -------- T T T T T T T T T T T T I Trrr
. . . 0 o [ —e— Observed -
 Combined limits vary from 3% to == CMS .
. N —— Median expected :
12% dependingonm_ — & a B 65% expected _-
& [ [ ] 95% expected !
10 CMS 35.9 fb (13 TeV) .. o CMS 35.9 fo (13 TeV) i Combmed
T T = 15
E 2HDM=S type Il § E 2HDM-S type IV ¢ § :Cin -
""""" 95% CL on @B(h—) aa) = 1.00 A% M= 95% CL on %B(he aa) = 1.00 ’_\% E"bm
1 €)@ g < 10
""""""""""" "( )B(h% aa) = 0.34 bc bc o
o o =
3 o E
g -
_ @ ° D
......... 1 2
n ’ & 0
19 15 20 25 30 35 40 45 50 55 60
. e : 1 m, (GeV)
20 30 40 50 60 20 40 50 60 10

m, (GeV) m, (GeV) 14
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35.9 fo' (13 TeV

Analysis Overview 2 T T G g, ot
- O wup --- Bkg.uncertainty [ |ZZ—4l

. . . f 12 __ +e [ ] Misidentified t ¢ Observed _:

* Four different final states considered: R
5 10 B(a— 2u)/B(a— 21) = muz/mf -]

uutreu, puter,, putur,, uutT T, i :
= Events from H—aa—4r are considered oy #

S Y R v TS S v v LD

in the signal A B DR
My, (GeV)
« Dominant backgrounds from events with T T e

- -- Bkg. uncertainty [ ]ZzZ— 4l
[ ] Misidentified t ¢ Observed

jet—7, mis-ID
= Ztets, WZ+jets, ZZ*—282q, ttbar, QCD multijets o

Events /5 GeV

o B(h— aa— 2u21) = 0.01%
N 2
B(a— 2u)/B(a— 2t)=m, /m 2

« Signal extracted w/ unbinned ML fit to
M"(uu) to probe m_=[15.0, 62.5] GeV || e

ki
0950 20 25

M, (GeV) 15
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H(125)—aa—uutr

CMS /!

Conpact o

No significant excess over SM
prediction is observed

35.9fb" (13 TeV)

-
N 08 CMS —e— Qbserved
[] [] [] —_— . 1
= '3V
Combined limit for m_ =60 GeV: ¥ o A
_ 4 © :
O‘XBR(H—)Eaa—)MMrr) =1.2x10 XOgp ? ,of Combined I 68% expected
g/ [ ] 95% expected
1 -1 £ 2 .
3BoMLIESTY) o o 35911013 0 B |bco
2HDM:S type Il ‘i’ § M 2HDM:S type IV E S 04
""""" 95% CL on @B(hﬁ aa) = 1.00 o ] """ 95%CLon @B(ha aa) = 1.00 @ =
SM = 1043 % SM = 104@’ % é 0‘3
"""""""""" 95% CL on %B(he aa) =0.34 bcb 3.5 95% CL on %B(h—) aa) = 0.34 bcb 1
S 3.0 S © o2
10° g 25F 10? § %o
3 2.0 s o 01
1 15 g 0
1.0 15 20 25 30 35 40 45 50 55 60
05 m, (GeV)
102 102

m, (GeV) m, (GeV)
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Analysis Qverview

« Search for uu resonances in range
m(uu) € [12, 70] GeV

« Two signal regions defined:

Events / 2 GeV

= SR1:uu + a central b-jet + at least my[0eV] My (GeV]
one forward jet 3

= SR2:uu + 2 central jets (2 1 b-tag) “
and no forward jets + £_™*°

Ev

40-

An excess (4.2¢ in SR1, 2.9¢ in SR2) = |
of events is seen at 28 GeV in 8 TeV =~ ® * * ¥ fd = © 9 9 0 8P

m,, [GeV]

data = Not confirmed in 13 TeV data analyzed thus far (36 fb™')
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1 2 iﬁ@%ﬂ Resonances in 'rr+bj§;£gZ > p |

|
Signature: 27 + at least 1 b-jet (b) + an additional jet, which can be central (c) or forward (f)
* TT CategOrlzed by eTh, ‘UTh CMSP oliminary 35.9 fb" (13 Tev) CMSP oliminary 35.9 fb" (13 Te)

1k ‘ 1 sf ' ]

> 3
[} VLQ my 170G v B 20 pb et: 1h1 VLQ my 170G v B 20 pb pe: 1blc
. O 160 -~ m =40Gev +-Observed ] m, =40 GeV -+ Observed
w F —my=60GeV W Z+jets E F —my=60GeV W Z+ets —
earcn ror lignt pseuaoscaiar 3 = 5 oo = :
fe W +jet: ) = W +jet:
QC) 120-@T [ Single t — C ﬂT [ Single t
el > [JDiboson 1 300 []Diboson —
I S Oson Z’Z’ g _m 100 .. ~ [EQCD multjet = EQCD mu utiet 3
Bl \vPostfitunc. A Post-fit u

200

B 7bic]

1 100

1b1cr

* m,; <40 GeV to suppress @< )

ttbar production | P TR % —
. "':;) 0- 81 é\\\;\ %\i\i&\\%\*%%wﬁ§ﬁiﬁ\ +\ o- 81 %\\\%&W&Kﬁ&ﬁ&&@@ﬁ“ﬁ&%&?%
b meISS COnSIStent Wlth 1/— deCayS B ° OAGOZ_ 20 40 60 80 100 120 140 160 180 200 220 OAGOZ_ 20 40 60 80 100 120 140 160 180 200+220
m,, [GeV] m,. [GeV]

Searoh forX(z—Z—) produced Via CMSproimnary 359" (13TeV) CMS prominary 359 b (13ITeV_)

VLQm 170 GeV, 6B = 20 pb et: 1b1f ] [ VLQ,m =170 GeV, 6B =20 pb ut: 1b1f

>
[0
. o my = °40 GeV/ —+-Observed 1 100 my = °40 GeV —+-Observed -
d 0 —m, =60 GeV W Z+jets — - —m,=60GeV W Z+jets
ecay of vector-like quar, . g 1 H
2 W +jets 1 sl W +jet ]
/ S M Single t — F ﬂT -Singl t
(] > [C1Diboson | L []Diboson 1
L [ QCD multijet 60— -QCD mult] et |
Post-fitunc. F Post-fit ui

* m; <60 GeV to suppress

ttbar production " -
« 2 event jet-based categories: i AR A AN a2 AN T
S bte bt B i 2 zli A

b

m,, [GeV] m,. [GeV]
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«v =TT Resonances in rr+b]§§§z %

I CMS
A

MS Prellm/nary

10° T ——T .
1b1f+1b1c combined
—— Observed

. No significant excess over SM prediction

T 1||||l|o

Ll

is observed in bbA(zz) or X(z7)bj searches x . =i

VL=l B

and m

o Limits set on oxBR(A/X—77) vs m M

>

&

95% CL upper limit on 6xB(X — 171) [pb]
]

%‘_ - CMS Preliminary 35.9 fb' (13 TeV) = -
— T T l T T T T I T T T T I T T T T I T T T = E E
= : ut+er, 1 b tag: = C ]
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T : Expected - 20 30 40 50 60 70
: : 1o expected m, [GeV]
3 e : = i SXpected | X
< 100 g~ i TR — - ¥ Zcii};eer:n:t expected 3
Dﬁ o o 2HDM, - g | CMS preiiminary_ 35.9 fb” (13 TeV)
- . =3 £ —_,— 5
o) ® . ° 0. °:® | 1 0 ™ E 1b1f+1b1c combined E
= ° © o e - —— Observed S
o 1 02 ______________ c T F ----1 Expected b
—— = © < 102k [ Eay expected |
_ = — < E 126 5, eriment €XPECtED E
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] L © ]
g B : 1 § 10 Wil =Y \./ .
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SearCh for X—)’J)'}}: mX= [65, 1 20] Gev . L ‘ 35910 (13TeV) oms | .35'%".(13“\/)5

T T
Clace n
O w00X (Class 0 4 Daa 2008 Class 1
Bkg fi

@ E 20000 F*
T 7000F
S E

@ 6000F

Analysis QOverview

4000

3000F
2000

« Trigger on di-photons with o 4
luminosity-dependent thresholds

Data - best-fit model

* Require two isolated photons that pass a
BDT-based identifier

A multivariate event classifier is used to discriminate
resonant (X) from continuum di-photon production

“Class 0” has highest expected sensitivity, “2” the lowest

« Background is modelled by fitting analytic functions to
the observed diphoton mass distributions

Data - best-fit model


https://arxiv.org/abs/1811.08459

CMS /!

1 N Low mass X—yy

No significant (>3¢) excess over SM prediction is observed

« Combined 8+13 TeV results show an excess at ~95 GeV at
the level of 2.8¢ local (1.3¢ global) significance

1 CMS 19.7 fo” (8 TeV) + 35.9 fb™' (13 TeV) , CMS 19.7 16" (8 TeV) + 35.9 b (13 TeV)
q) IIIIIIIIIIII ._ |||||!|||||II||I||I|IIII
> = . L
© 107TESEIIT L — Observed
Z_ 102 SN B Expected + 16 -
® 1083 ;;; """ “ A r . = Expected * 26 _]
(&) K K =L a
o -4
- 10 e e

10°°

10°®

107”7

10°®

10*9 ................................................................

Observed 8 TeV
1 0_10 Observed 13 TeV
Observed 8 TeV + 13 TeV
1 (_')711 ------- Expected 8 TeV
o s Expected 13 TeV g
107 ....... Expected 8 TeV + 13 TeV ]
131 1 11
10 80 110

21
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EXPERIMENT

Low mass X—yy

Search for X—yy: m,=[65,110] GeV
Analysis Overview

Events / GeV

« Trigger on di-photons with
luminosity-dependent thresholds

» Require two well-identified, isolated photons

= Split in categories for photon conversions (CC,
UC, UU): CC has more DY background

« Main backgrounds: SM yy/jvljj, Z boson (e—y

fakes)

= Model non-resonant (continuum) and resonant

Data - fitted background

DY backgrounds using data-driven approaches

[ T ‘ T T T T | T T T T | T T T T ‘ T T T T ]

~ ATLAS Preliminary UU category —
50000~ {s=13TeV,801fb" e Data —
X >y Continuum-+ DY fit 1

B ======: Continuum component of the fit ™|

B CU category 7

B ¢ Data b
40000 — Continuum+DY fi ]
r Continuum component of the fit |
fo-“‘-w-.,.N CC category :

B I*“""-M A Data |

| ». Continuum-+| DY fit |
30000 | *y ===+ Continuum component of the fit _|
L Y =

4.

20000— —
[ 0.
10000— ey

- | Cl | !
500 —
0% ++++++” #T ++T TTJ»? ?+ ++?+ ++a.+u o, 404 49, e ,5
5005 ¢t t ot ) =
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* No evidence for significant excess beyond the SM using a
narrow-width approximation to interpret the data

Local p-value

2 oo0F | L ]
1 i e - ATLAS Preliminary — Observed 3
- 1 200 (s-13Tev,80f" ... Expected E
- 1 ¢ 180 Xy REREY =
S 160F LBy =
- 7 ‘g 140F- =
1071 4 2 120F N
- . 8 C .
E E % 100 = _E
I~ 2c — 80 :_ _:
T 1 9 6o =
ATLAS Preliminary g\) 40E- =
102 {s=13 TeV, 80 fb — Observed o © = 3
E Xomw . 20E E
Il | | 1 | | | | 1 | 1 I | 1 1 | 1 | 1 1 1 1 | 1 _ 1 1 | ] 1 Il 1 1 | 1 1 | 1 | 1 1 1 I | 1 1 1 1 | LTl
70 80 90 100 110 0 70 80 90 100 110
m, [GeV] m, [GeV]

23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-025/

11 Conclusions and Outlook 10

ATLAS and CMS performed many searches for exotic decays of the 125 GeV
Higgs boson and new low-mass particles decaying to photons and leptons
= Presented in this talk:

H(125)—aa—bbbb &2 H(125)—aa—bbuyu #iss Z wie Resonances in wu+bj 2
H(125)—aa—yyjj A@As H(125)—aa—bbrr T Resonances in rr+bLZ
H(125)—aalZ 7 — Uit £ H(125)—aa—uutr % Low mass X—yy £ > |

No statistically significant excess is observed in any of these searches
= Limits are set on cross section x branching fraction and interpreted in the
context of BSM models such as the 2HDM+S

Proton-proton collisions recently ended with ~160 fb™! delivered to each of
ATLAS and CMS, so more data is in hand to be analyzed for many searches

= Stay tuned for more results from Run-ll of the LHC
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Figure 6: Observed upper limits on B(h — aja;) in the plane of (m,,, tan ) for type-III

2HDMH+S, including p "y~ 111~ signal that is misidentified as u* 1~ bb.
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