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Introduction - Motivation

* Observed H(125) an excellent opportunity to look for new physics at LHC

e Branching fraction (BF) of Higgs to beyond-the Standard Model (BSM)
particles constrained by fits of coupling constants to SM particles

 BF(h - BSM) up to O(50%) depending on Higgs production cross
section

* Small total width of Higgs (=4 MeV) means even a small BSM coupling
can translate into detectable signature

* Current precision of measurements of couplings to SM particles
leaves ample room for BSM physics

* Explicit search for (BSM) Exotic Higgs boson decays presents an
alternative opportunity for discovery of BSM physics

e provide the best window on dark matter

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)
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Outline

Exotic Higgs boson decays with ATLAS and CMS

Decays to dark vector bosons -7, (Z4)
— H-Z,)Z,->41 (ATLAS) Ny
Lepton Flavor Violating (LFV) decays
— H->pr,, pr, (CMS)
— H-pr,,(ATLAS) Brand New
Flavor Changing Neutral Current (FCNC) decays
— t->qH (H->vyy) (ATLAS)
— t->qH (H>vyy) (CMS)
— t ->ch (multi-lepton+di-photon) (CMS)
Decays to a light pseudoscalar neutral Higgs boson (o) as in NMSSM
— H->aa->2pu2t (ATLAS)* Ney
— H->aa->4y (ATLAS) Brand New
— H->aa->4p (CMS)** gy,
Exotic Higgs decays to Photon+MET
— (VBF) H>{1 or 2y} + E™iss (ATLAS)***

CMS

— H->{1or 2y} + E;™ss (CMS) Ny See also at this conference:
* Poster: B. Kaplan (ATLAS)

** Talk: A. Mohammadi (CMS)
Conclusions *** poster: C. Bernius (ATLAS)

Run-2 prospects

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)




ATLAS (8 TeV)

H éz(d)zdézu (ATLAS) Nenw arXiv:1505.07645

Submitted to PRD

Higgs as a portal to the hidden/dark sector

— Light exotic gauge boson Z;: m, ,<m, Z -
Zs 2 d g
H—————— cz Based on SM Higgs to 4l analysis H *”K";*‘J}V_‘%
Pt Model independent analysis “ !
o 115 GeV <m,, <130 GeV

Look for excess in m

Look for excess in my, :
|m,,-ms,|=min

m, closest to m,

P R > 7= T T T =
> T T T T T [} = ATLAS : Final state : de+4,1+2e2: =
ot - my=125 GeV O E . =125GeV ! Da =
(ND - " ATLAS w6 s-8Tev, 203 10" ! ‘ gyl =
~ . Py E | 224 3
‘g 6 5?2: izdl e é SE . ww.wz E
2 £ Z+jets, ff LB a E
w 5 —&— Data 2012 e - ' — Zbb, Zejets =

. - H (Z+) quarkonium -
\s=8TeV,20.7fb" ] 3E 7 Towcrarons
. 2 : -
g 4F -

E § & ==
| " N s = 2K 1
10 20 30 40 50 60 70 80 90 100 (%’ —40~ 5 . < = -

2 1
m,, [GeV] m, [GeV]
* .
n(H — 4¢) =n(4€) — n(ZZ") — n(tt) — n(Z + jets). BGs: (MC) H>ZZ*->4l, Zz* >4l

BGs: H->ZZ*->4l determined from data, ZZ* (MC), tt, Z+jets (DD) m,4-m,<ém=5/3/4.5 GeV - 4e/4p/2e2u
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H->Z,,,Z,~>4l (ATLAS)

Observed data well described by SM expectation=>Upper limits set

o~ 10T e 5050 {r s
5 ATLAS — Observed . S 0.45 - ATLAS Final State: 4e+2e2u+4u
- _ g e Expected - = — Observed
E 1s=8 TeV, 20.7 fb - +1g N % 0.40 \s = 8TeV, 20.3 fb1 ;E):pected -
— 1o
g 1 [ J+2¢ - @ 035 =
=3 E & 0.30
] %
S ] 2 025
2 1 © 020
@ 10" 2
8 0.15
R BR(H — ZZd — 46) 0.10 [ = o X BR(H — ZaZq — 46)
B = BR(H — 40) 0.05 [0 x BR(H — ZZ* — 40)|sm
R L T T T T T T 000 PENEPETE ETERSPET STEPEETE ETEPETErS BTSPEErE BTST AT AP ATAr T AP AT AT AR
103550253035~ "20 25 50 55 15 20 25 30 35 40 45 50 55 60
m,, [GeV] m;,_ [GeV]
95% CL limits: R < 0.4 (0.2) 2 (4e, 4p) observed events with significance 1.7 o
x10°
—~ 107? S B B B B I B B F 0.10 g AL
= 3 : 0.09 ATLAS Final State: 4e+2e2u+4pu
T ATLAS —— Observed ] a v Tev ' % oL
o - 5
IQ]P |s=8TeV, 20.71" O Expected ] p3 0.08 \s =8TeV, 20.3 fb 95%
1 10°® B +10 - T 0.07 — Observed
T [ J+2¢ 3 ,':F ’ ---- Expected
[l - ) 0.06 m:io
(a1} 7 +
= z 0.05F Bt20
z & 0.04
3 s 0.03
S g 0.02
&) & 0.01
o\o D0_00.,..1...l....I.‘..[.‘..I...,l.‘.I,...l,...
3 15 20 25 30 35 40 45 50 55 60
m,, [GeV]

95% CL limits: BR(H>ZZ,~>4l) < (1-9) x 105 95% CL limits BR(H>Z,Z,>4l): (2-3) x 105
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CM.-S (8 TeV): CMS
anvi1502.07400 Lepton Flavor Violating (LFV) decays

Submitted to Phys. Lett. B

CMS-PAS-HIG-14-005 H->ut,, H>ut, (CMS)

e Direct LFV search in H>ut,, H>ut, (M, = 125 GeV)

* LFV decays can occur in models with more than one Higgs doublet, in
supersymmetric models, composite Higgs boson models, models with flavor
symmetries, Randall-Sundrum models etc.

 Each channel is separated into 0, 1, and 2 jet categories: gg, VBF H-productions

Similar signatures with SM H=>t 1, H>T1 T,
e Muon prompt - higher momentum than in SM
e Fewer neutrinos give different missing energy

and topology
* collinear with the Tt decay products

H—otu Hot p
H - prt, H - ut,
* Dominant background: Z= 1t * Dominant background: jets faking tin W+jets, QCD
* Other backgrounds: jets faking multi-jet and tf +jets
leptons in W+jets, QCD multi-jets e Other backgrounds: Z- tt, Z + jets and tf +jets
and tt +jets

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 6



Lepton Flavor Violating (LFV) decays =i

H->ut,, H>ut, (CMS)

Post-Fit M_,,
100<M__,< 150 GeV

col 19.7b" (8 TeV)

19.7 fo” (8 TeV)

> F cms e Daa ] 1
g 60 - E Bkgd. uncertainty  _| _a_
N - SMH ]
P N “+“' [ 2o ] >_-
:1_:_; 50— Il Other =
o F It ] 10"
foJRTY [ I MmsiDd z,e, ]
= g e LFV Hlggs, (B=0.84%)
5 ]
2 wf LFV B(H = pt)3=0.84%
& f ] 107
& 20F -
o ™M &= i 0 Em——
10
- 103 e,
S : E
BE RS _4_
e U’_O 15 -+ —o— € 1S 1
sl 7k 00 I200 300 10—4 L | A
Miu),,, [GeV] 10 10° 10° 10" 1
All categories combined, each category weighted by significance (S/(S + B)) Y |

ut

e Aslight excess of signal events - still consistent
within background uncertainties
* significance of 2.4 standard deviations
e Best fit branching fraction
e B(H - ut)=(0.84 +0.39 -0.37 )%

* BRIlimit <1.51% constrain the p-t Yukawa
couplings <3.6x10°3

* Itimproves the indirect current bound by
an order of magnitude.

* Constraint on the branching fraction H->et, H>ep will be published soon!

e B(H - pt) < 1.51(0.75)% at 95% CL

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)



ATLAS (8 TeV)

A
T o . HIGG-2014-08
4! Lepton Flavor Violating (LFV) To be submitted to JHEP
B A
S decays H>ut, _, (ATLAS) Brand New
Post-fit
MMC
1101(C)§ev M < 150 GeV Signal regions (SR1, SR2) defined as:
E 3? | A‘TLA‘\S‘ Plreli‘min‘ary‘ :z?:;:?iiiuf:’;;-ow%)» * SR1: mT(p" ET::zz) > 40 GeV’ mT(Thad' ET::zz) <40 GeV
S o5 e ] ¢ SR2: my{p, 1) < 30 GeV, ma{ty.y E1™) < 60 GeV
™ 2; -jaze:jinvwos-ss) {
% o oo E Backgrounds:
i © T4 irr. Z/y*>TT (dominant in SR2), VV->ut+X
17 (V=W,2), tt, single-top, SM H->tt
05 * fake 1,4 W+jets (dominant in SR1), QCD multi-
T — jet, WV, tt, t, Z>pp+jets
G 100= —
o 50 :
, = v/ =
£ _52;' F E Small excess found in SR2
= W 100 o ] 120 GeV < M, MMC< 140 GeV => significance 2.2 0
My [GeV] SR1+SR2 => combined significance 1.3 ¢

Best fit Br(H->pr, ) = (0.77+0.62)%

No significant excess of data over SM BGs
95% CL Br(H—>pr,,) obs (exp.) < 1.85% (1.24 +0.50 -0.35)%

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 8



ATLAS (7+8 TeV)

% . JHEP06(2014)008
4 Flavor Changing Neutral Current (FCNC)
5 decays t->qH (H->yy) (ATLAS)
* FCNC involving light u/c quark highly suppressed in the SM, Br=101°
* Might be enhanced by several orders of magnitude in BSM, up to =103
* LHCis a top factory : can search for rare decays with high sensitivity
* H - yy appears as the most sensitive mode: large number of events, clean signature
* t->qH, H(125) e Start from standard H - yy selection
* t->bW, W decays: * >2tight-isolated leading (sub-
* hadronically (7+8 TeV): 2 4 jets, > 1 b-tag, top leading) y, E;>40 GeV (30 GeV)

invariant mass cuts (yyj and jjj) * Enrich the tt topology
* leptonically (8 TeV): 1 lepton, 2 2 jets, m;>30 GeV,* BGs (non-resonant) : di-photon, tt, W prod.

> 1 b-tag, invariant mass cuts (yyj and lvj) , .
mW hadronic selection
Analyse the yy invariant mass distribution (SM H->yy analysis) R R R
[ ATLAS * Data
25 [CJSHERPA yyj, norm. to data
[]signal, B = 5%

ts:aTev.[Luxzzaatu'

Events/2 GeV

* Hadronic channel: m;=m,, m,=m;, P -
* m,:[156-191] GeV, m,: [130-210] GeV 15[ Hadroric Selecion

* Leptonic channel: m;=m, , m,=m,, g
* m,:[156-191 GeV], m,: [135-205] GeV

10

e oo LK)

! AL .
f0 70 120 130 140 50 160
m,, [GeV]

m,, discriminating variable in the fit
Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)



Flavor Changing Neutral Current (FCNC) decays
t->qH (H->vyy) (ATLAS)

Bl emme T Fixing m,, = 125.5 GeV
E’ 14: ‘('“ :I;;:ig:l\llr)luum bkg. ]
§ 12} --- Continuum bkg. { . . .
@ oE [rar-20am" ss7ev Fitted branching ratio (Br) t—=>c(u)H:
o Jua- e 3 Br=0.22 +0.31-0.26 %
6F =
IS L, T B . . .
S E corresponding to a signal yield of

P00~ "Ti0 1203040 180 60 _
NS =3.1 +4.3-3.7

m,, [GeV]

For H ~ He,, and B(t = cH) = 1% No significant excess found
SM =1/

g e s 3 95% CL Limit on Br: Br<0.79 (0.51)%

JLdt=2o.3m'. Vs =8 TeV]

corresponding to a limit on the A, coupling :

JL dt= 471" Vs =7TeV |

107k

\/ A2+ A2 <1.92VBr<0.17 (0.14 expected)

102" Observed

g"-'"f’;";“ed ~  to be compared to top quark Yukawa coupling A, ~ 1
-[CJ*20
0 0,002 0.004 0.006 0.008 0.01 0012 0.014

BI—»qH

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)



CMS (8TeV) ‘
CMS-PAS-TOP-14-019 C M S

Flavor Changing Neutral Current (FCNC)

decays t->q(c,u)H (H->yy) (CMS)

* Analysis: H=yy cut based photon selection criteria

19.7 fb (8TeV)
R R AR AR R R RS

* Hadronic/leptonic channels: >4 jets, 1 b-tagged/ > 1 lepton (e or W), E BIOMS s ]
> 2 jets, 1 b-tagged S 0] T

k%) 0 e Non-resonant M,, background

* Resonant diphoton backgrounds: SM-H (yy)(MC-ttH) 2 8: Hdromic channel ]
* Non-resonant diphoton backgrounds: fit to data of ]
* 100GeV<M,, <180 GeV 4 ]
* B(t=>cuH)=1% of ]
g

IR I S O R O P S R B U W M e wrw wm mw'w
900 110 120 130 140 150 160 170 180

Observed (Expected) 95% CL limit B t—->cH: 0.47 (0.71)% M,, [GeV]

o I _ 0
Observed (Expected) 95% CL limit B t->uH: 0.42 (0.65)% No significant excess observed

19.7 fb™! (8TeV) 19.7 b (8TeV) 19.7 fb (8TeV)
1 T L B s e | T —TT T L s B e B R > 77\\\\‘\\\\‘\\\\‘HH‘HH‘HH‘HH‘\HL
(@) —CMS hadronic+leptonic channels | (@] -CMS hadronic+leptonic channels | O r CMS b
S Preliminary --- observed X Preliminary --- observed (O] 6; Preliminary |;:::nic channel ]
9 10 ---expected 7T &8 10 --- expected f F ——— Signal + total background fit ]
- — [ Total back d 1
© Hio © E1o @« 5f N‘:;t:-re:gng:\?;\zv background —|
= 2o = 2o c F 4
£ £ g | : ]
=) S | o 4 Leptonic channel
c c r ]
Q Q F ]
%1 » 1 3t E
== 3 : z
ko) ke 2 .
7 » 1
1F =
10.1 L L L L L L L 10.1 L L L L L L L : J
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4 S SRS PR D PR R we:
B (t — cH) [%] B (t — uH) [%] ‘POO 110 120 130 140 150 160 170 180

M,, [GeV]
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CMS (8TeV)
arXiv:1410.2751v2

CMS-PAS-HIG-13-034

Flavor Changing Neutral Current (FCNC)
decays t->ch (multi-lepton+di-photon) (CMS)

Multi-channel counting experiment approach:

CMS

* Multi-lepton event: >= 3 isolated and prompt leptons (e, y, T,,), >=2 electrons or muons (“light” leptons)
* Lepton+di-photon event: photon pair + 21 lepton

Higgs boson decay mode Upper limits on B(t — ch)

Obs.  Exp. 68% CL range

B(h - WW*) =23.1% 1.58% 1.57%  (1.02-2.22)%
B(h — t71) = 6.15% 7.01% 4.99%  (3.53-7.74)%
B(h — ZZ*) = 2.89% 5.31% 4.11% (285—645)0/0
Combined multileptons (WW?*, t7, Z2Z*) | 1.28% 1.17%  (0.85-1.73)%
B(h — vv) = 0.23% 0.69% 0.81%  (0.60-1.17)%
Combined multileptons + diphotons 0.56% 0.65%  (0.46-0.94)%

* Using di-photon and multi-lepton search channels that are sensitive to the decay t—>ch, (B(t=>ch)=1%)

* Upper combined limit on B(t->ch), observed 0.56%, expected 0.65%

« Significant improvement over the earlier limit of 1.3% from the multi-lepton search alone (Phys. Rev. D
90 (2014) 032006)
e Left- and right- handed top-charm flavor violating Higgs Yukawa couplings limit

. \/MtPcI 2 4 AHj2 <0.14 (0.65)%

Th. Lagouri, Yale Univ.

EPS HEP (22-29 Jul 2015)
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. ATLAS (8 TeV)
Decays to a light pseudo-scalar neutral | arxiv:1505.01609

Higgs boson (a) (NMSSM) Submitted to PRD
HéddéZpZt (ATLAS)* M * See also Poster

B. Kaplan (ATLAS)

> ————— > T ;
2 |[| SRy ATLAS —e— Data b g 1 SRe ATLAS —e— Data 1
S 15:’ s=8TeV,203f6"  —— Background Model _| o 15: Vs=8TeV,203f"  —— Background Model _|
& 'l BR(h—->aa)=10% FitUncertainty | & L Fit Uncertainty - =
= s - m, =125 GeV
% 'l Im _ES5, 10, 20 GeV Zjy* Component | ,g i BR(h%aa)_lo% ------ Zly* Component | H
L% 10: ------ ;C'omponent ; L%; 10_ ma=5’ 10, 20 GeV..... f Component 2mr<ma<2mb:
Dominant BG: Y
3 : & la>t, la->
Z/y* and tt A ! HH
/v, Y) [
’ o 5" m,: 3.7-50 GeV
T100F )
%’ NE ; ; | 100 X .
Broof AT pHT 3 o i No significant excess of data
= 4 5 678910 20 30 40 5060 S1o0c . .| =
° m,, [GeV] ° 4 5678910 20 30 40 5060
8 m,, [GeV]
‘3;:102— T T 3 §102f“‘l""I""I“'I""I‘"[""I""j
2 E m,=m, = 125 GeV 3 = F m, = 5 GeV 1
& C ATLAS Observed 95% CL . T [ ATLAS Observed 95% CL .
5 " 1s=8TeV,203f" ... Median Expected 95% CL I [y s=8Tev,203fH7 ... Median Expected 95% CL |
x 10g . i 3 T . o
s +20 E 2 10F 120 - Scan of m, (m=5 GeV)
1 r T T, 3
% - g . mH :100—500 GeV
e 1 E 4 IT o B
= ] < 1
i : Xk |
e T E
Bl 10 E 1 F
] LI ]
10-2 L n 1 Fa—r—.| 1 " L 10-1111. | EFEFETErS EFErEErE SPETETErS B ATATET i VST SArAr S AT
4 5 6 78910 20 30 40 100 150 200 250 300 350 400 450 500
m, [GeV] m, [GeV]
Consistent with expected limits 95% CL limits on production rate:

Most stringent limit 3.5% for m_=3.75 Gev ~ ©(88=>H) x BR (H>a): 2.33 pb-0.72 pb
Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 13



Decays to light pseudoscalar AT le ey
neutral Higgs boson (a) ro be submited to

H->aa->4y (ATLAS) Brand New

Many extensions of SM Higgs sector Signa.lture: 2 3 isolated photons
include CP-odd particles (a) with * Signal: “tight” v, ,: pr > 22 GeV, v; 4): pr>17 GeV

couplings to Higgs and branching ratios  * Isolation: Ex(cone40) < 4 GeV
to photons visible at LHC * Backgrounds:irr. (2,3,4) prompt photons, photon(s)+jet(s)

* Combination of data-driven (for jets) and MC

No significant excess of data over SM BGs

Consistent with SM expected limits Resonance search in m,; spectrum

B L L L B LR 5 FTTTTTTTT T e
& 1| — Observed upper limit ATLAS Preliminary S __ Observed limit ATLAS Prelimina 3
107k mi i F served upper limit ry .
1, F ---- Expected upper limit h - aa — 4y “‘; L ---- Expected upper limit H—; aa — 4y i 300 < M H < 900 GeV
v r El+tto > - Blt1c 7
g | S R= 10 GeV < m, < m,/2
X =107 E a
] \s=8TeV, 20.3 fb" . \s=8TeV, 203 fb" E
. X
f: 102 m, = 125 GeV 95%cC.L. upper limits = 95% C.L. upper limits
= . @© 4
5 - m,, resonance search with ; m,, resonance search with
X m,-dependent width =102 m,-dependent width —
© (% o 7
© o
X
©

-t
S
w
TT

10°¢

=3x1074- =4x10

M,, = 600 GeV

10 £

M, 600 GeV

Eoevv o v v by v by by ool @Y I Y PR I P NPT P N P P Y
10 20 30 40 50 60 10 20 40 60 80 100120 140 160 180 200 220 240
m, [GeV] m, [GeV]

0/0, X BR (h>aa) x BR(a—>yy)? < 1073 oy X BR (h>aa) x BR(a—>yy)?< 0.02 pb 10 < m < 90 GeV

m,, = 125 GeV, 10 GeV <m, < 62 GeV <0.001 pb m, up to 245 GeV
Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)
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CMS (8 TeV)
arXiv:1506.00424
Submitted to Phys. Lett. B

Decays to a light pseudo-scalar neutral

* See also Talk
A. Mohammadi (CMS)

and a pair of charg

* a;~>2y, 2 pairs of i

Higgs boson (a) (NMSSM)
H>aa—->4u (CMS)* ey

ed Higgs bosons h*

h,,=2a,, hy or h, can be the boson observed at 125 GeV

solated muons (di-muons), m, ,=m, , within detector resolution

Light boson masses in the range 2m <m <2m. (0.25-3.55 GeV)
1 event obs. 2.2+0.7 SM exp.

3IIIIIIII|IIIIIIIIIIIIII
"NMSSM 95% CL upper limits: |
5 [ ome M= 8.55 GeV :
: o5l - ma‘=2C-]eV
= [ A Ma= 0.25 GeV
N - Reference model: h
T_ oL — olpp>h-aa)=0008x0
o - Bla-2y)=T7.7%
o i
S i
o F
Al -
=" B
o N
£ 05 h=h,
o) = 1
- mh]<mhz: 125 GeV
0 111 | 1l | l 11

20.7 o' (8 TeV)
IllllllllllIL

BGs dominated by bb™ and J/{ pair production

cMS ] .

1
sMi1 —

95% CL upper limits for NMSSM on
o(pp—>h,/,>2a,)B*(a;—>2u) as a function of
m,, (86 <m, ;< 125 GeV) and
* mp,(m,,>125 GeV)

- with simplified scenario
'h,=hy ] * o(pp>h;>2a,;)=0.008 o,

1125 GeV = m, <m
| 11 | 1 I

ha]

90 100 110 120
massofhi

Th. Lagouri, Yale Univ.

“130 140 150
[GeV]

EPS HEP (22-29 Jul 2015)

* Limits compared to predicted rate (solid curve),

CMS

NMSSM Higgs sector: 3 CP-even neutral Higgs bosons h, , ; 2 CP-odd neutral Higgs bosons a, ,
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ATLAS (8 TeV)

Exotic Higgs Decays to Photon+IMET [ALAS-CONF-2015-001
(VBF) H->{1 or 2 isol. y} + E;™ss (ATLAS)* | “c=co e

npr-p

YY+E 4]

o . . . +E miss i
Exotic Higgs decay in GMSB and NMSSM YTEH) s < mi /2 (or myg < my/2)
j

* VBF production facilitates better data-
driven y+jets and multi-jet background
estimates than ggH

* VBF Higgs boosted in transverse plane:y
and E;™ss not necessarily back-to-back,
use angles to define control regions , j

J
Limits set for different NLSP, LSP mass pairs Observation consistent with SM

mono-photon di-photon

T T T

-
(2]

TT 7T TTI‘TIWTYITIIIII 1]]]|]
1

e _— —
ATLAS Preliminary Vs =8 TeV, 20.3 fo”'

—e— Observed limit (nnminal'm)

0.9
0.8
0.7
. 0.6
0.5

ATLAS Preliminary Vs =8 TeV, 20.3 fb™

..... Observed limit (=10, ) e Observed limit (m:mlnalm')

—_
n

----- Expected limit -~~~ Observed limit (+10, )

Expected limit (=%, LN S O F eeees Expected limit

/04, x BF (h— NLSP + LSP)
-
E=N

—_

Expected limit (=20,,) Expected limit (=10,,.)

95% CL limit on (o/oy,,) x BF(h-= NLSP + LSP)

IIII Ml IHI llIl HI‘JLI TYTTJTITT[T0T ITT

llllll‘lllllllll‘lllllll

" ll[l I'l llll llLl l'l“l'l SEEESNNNRRET] ll

s 0.8 All limits are 95% CL Expected limit (:20,,,)
£ "
= 0.4 All limits are 95% CL
3 0.6
] 0.3
0.4
N T PR N T
0 ] ! ! [P B | ]
NLSP (GeV) 65 70 80 90 100 110 120 65 TO 80 SO 100 110 65 VO B0 S0 WO 65 TO 80 0 65 70 80
LSP (GeV) © 0 0 0 O O O 10 10 10 10 10 10 20 20 20 20 20 30 30 30 30 40 40 40 NLSP (GeV) 1 10 20 3N 4 50 60 20 W 40 SO 60 W 40 50 0 0 0 0 N ©0
LSP (GeV) ° o o o o o 0 10 10 10 10 W 20 20 20 20 0 W W0 0 w0

(o/osy) X BF(h — NLSP + LSP)
First direct limits similar or stronger than indirect Higgs coupling measurements

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 16



CMS (8 TeV):
arXiv:1507.00359
Submitted to Phys. Lett. B
CMS-HIG-14-025

H — PG — 7GG

my= 125 GeV

0
my/2 <my%<my

M,,%<m,,/2

H— 2% — 79GG

* Exotic Higgs decay quasi-
model independent search,
low-scale SUSY

* ggH BGs: irr. Zy—>vvy, y+jet
and mono-e and mono-jet
fakingy

e ZH BGS: di-lep. non-resonant
(WHW-, t, WHjets, Z/y">1T)
resonant (WZ(Ivll), ZZ(212v),

Zy, Z+jets)
 ggH(8TeV, 7.4 fb})
* E;Y>45GeV
* E ™S> 40 GeV

Th. Lagouri, Yale Univ.

7.41b" (8 TeV)

> g IIII‘ ||||||||||||||||||||||
10 0 v + Jets
O, I et — vy

10
o Electron — y
10 ggH zy
~

N, Wy >lvy
10 = W) vayy
q>)104 e Data
L

e ggH (125,120)

D
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Exotic Higgs Decays to Photon+MET
H->{1 or 2 isol. y} + E;Ms (CMS) ey
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Exotic Higgs Decays to Photon+MET CMS/

CMs

7.4 1b" (8 TeV)
—

o B (fh)
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1 m¥,%<my/2 => B(H>%,%%,%)B(X,°>G +y)?
ggH"‘ZH mx,%2m, /2 => B(H->%,°G )B(%,°>G +v)
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0 2 ‘. ]
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ggH my/2<m,%<m,

P I I |
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_ CMS
Run-Ill perspectives

ner-—-»

Decays to dark vector bosons -Z_, (Z,)
* ATLAS: HZ,Z,~>4l
* Improving the discovery potential of Z, or setting stricter existing
limits.
* Extension to low mass (Z,< 15 GeV) and Z, with displaced vertex
Lepton Flavor Violating (LFV) decays:
* CMS: H>ut, H>ur,
* Anew tlepton identification algorithm with improved background
rejection has been deployed for Run-ll
* Investigating possible analysis improvements for p-t
Flavor Changing Neutral Current (FCNC) decays: t->qgH
* ATLAS: t->gH (H->vy)
* Increased tt cross section in Run-Il
* Could set better limit on Br (A;,)
* Add a multi-lepton analysis to increase sensitivity

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 19



ner-»

CMS

Conclusions

Searches for Exotic Higgs bosons decays performed in

various channels and with different strategies

* No evidence found so far

* Observation of SM-like Higgs boson excludes large
regions of parameter space

Still room left for BSM models to be compatible with

observed Higgs boson

* Many Exotic Higgs analyses with Run-1 8 TeV data still
on-going

Run-Il with 13 TeV will enhance discovery potential of

Exotics Higgs boson decay searches

* New challenges for the analyses

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 20



Th. Lagouri, Yale Univ.

Additional Slides
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Other talks in EPS

“Searches for invisible Higgs boson decays with
ATLAS and CMS” Philippe CALFAYAN (talk, ATLAS)

“Searches for long-lived, weakly interacting particles
in ATLAS and CMS”, Andrew Evan Hart (talk, CMS)

“Searches for invisibly decaying Higgs bosons at
ATLAS” K. Shaw (poster, ATLAS)

“Searches for long-lived particle decays in ATLAS” D.
Salvatore (poster, ATLAS)



ATLAS (8 TeV)
A (ATLAS) " |
)T Héz(d)zdezl'I ATLAS arXiv:1505.07645
pY P H : Submitted to PRD
o Model interpretation ubmi
LS Simplest benchmark model (U(1), gauge symmetry)
H->ZZ -4l SM + dark vector boson + dark Higgs boson
Gauge kinetic mixing parameter dominates (e>>k)
w L R LR A I I IS IS IR Hézdzdé4|
§ - ATLAS — Observed . .. .
E [ \s8Tev 2071 - Expected ] Higgs mixing parameter dominates (k>>¢)
= - +1 i
§ [:t2z —2.0)('1'0;3'1‘"I‘"'l""l""l“"l"‘l"‘l""
g ‘“EI%: - ATLAS Final State: 4e+2e2u+4u -
2 1078 E 18 s_gTev, 203" 95%CL
© F E 1.6 — Observed
[ T 14F ;E:TCM ;
. . . . 8 C [J+2¢ 7]
Kinetic mixing parameter € g :(2) me%_l/|m%_1_m§’ | ]
1095302530 35 40 45 50 55 S Tk .
m,, [GeV] 08F E
95% CL limits €: (4-17) x 1072 for 15 < m,, < 55 GeV 06 E
0.4»lxxllx FIF I AP NPT IS AP A e
. .. 15 20 25 30 35 40 45 50 655 60
Effective mass mixing parameter Z-Z, m, [GeV]
10— E
- ATLAS — Observed ] Effective Higgs mixing parameter K’
D P oseeTev,207" 0 Expected T
10"35— - T B +10 = .
: J+20 i Dark Higgs boson mg>m,/2, m,,<m,,/2

104;— — K (Higgs portal coupling) 95% CL limits:
e (1-10) x 10 for 15 < m,, < 60 GeV
10°F
- 82xBR(Z,~>2l) ] o
A . 195%CL limits 6°xBR(Z,~>2l): (1.5-8.7)x10™

L — 25 30 35
m (GeV] for 15<m,, <35GeV

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015)

95% CL upper limit on §° BR(Z — 2l)
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Events / GeV

Mass scale A[GeV]
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)2 H+E,Miss>2y+EMiss (ATLAS)

S Directly probes the structure of
the effective DM-SM coupling
* Sensitive to m, >m,/2

e Consider both EFT and simplified model £

9 g
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EFT with fermionic DM field

—— No truncation
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R | 1ol L e
1 10 107

Th. Lagouri, Yale Univ.

m, (Gad]

ATLAS (8 TeV)
arXiv:1506.01081
Submitted to PRL

Profile likelihood ratio (A) vs Oggp g,

BSM H+DM with the SM contribution
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P

Production of DM
particles x in
association with H,
mediated by (H,Z,y)
or new mediator: Z
or scalar singlet S

Coupling parameters limits for simplified models
with a heavy mediator with mass of 1 TeV
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Everts ' 4 GV

ATLAS (8 TeV)
Phys. Rev. Lett. 114 (2015) 121801

“AA
£ H->1/Py & H->Y(nS)y (n=1,2,3)
s (ATLAS)

30 GeV < My < 230 GeV

S 24T T

: > g T T T = ° Fia-e o . H
8 o arias ] 89 ATLAS ] Q->p*u:isolation, primary vertex
< 20t s8Tov fla=to2’] = 20 s=8ToV [Lat=1921" ] . pTP-ll> 36 GeV
= 182. ¢ Data ) _; - . D?u . J s » o
2 ::, :'z;l;"’"q"" i é B !:!zf;;m : e y: “tight”, isolated, p;¥> 36 GeV
- L_IH 10 -3 L_IH[B«107] -
12 ‘. [ zB-10" E L Dz .10 ] ° A¢(Q,V)>05
10F 3 1
N3 E
o E o JWoutw My, M,,,10.2 GeV
o+ E * Main BG: inclusive QCD
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"\‘ur IGGV] p‘;"" [GCVI
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acf- ATLAS S, & s ATLAS E
w8 T L RS ~ ?_; . -t TV L "
“F L o £ s % L ;
oo - & £t R
“¥ g;LT P 3 Eéi‘:‘ ] .
“F . 1 Y(nS)>p'p 8GeV<M, <12 GeV
N . e BGs: inclusive QCD, Z->p*u(FSR)y
108 S
[
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< 10 1% 200
m_. [GeV] P 1GeV] m,, [GeV]

No significant excess of data over BGs

«  95% CLB(H->J/y) < 1.5x 1073
«  95% CLB(H->Y(1S, 25, 3S)y) < (1.3, 1.9, 1.3) x 1073
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CMS (8TeV)
arXiv:1507.03031v1

Events/2.0 GeV

o(pp —= H) x B(H —= wy), ()

Th. Lagouri, Yale Univ.

Higgs boson decaying into y’y = Ily with
low di-lepton mass (CMS)

2.9 GeV< m,,, < 3.3 GeV

19.7 fb™' (8 TeV)
T T
cms e Data
[ Background model ]
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r [ 500x SM H—>(J/¥)y — upy ]
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S 40+ H—=yty =y [ Expected + 1o —
= T (uuy and eey) [ Expected = 20 mH=120_150 GeV
S C ]
: 30? .
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No excess above backgrounds in 120 < m, < 150 GeV
Observed (expected): 5-11 (6-10) x SM
m,=125 GeV: 7.7(6.4) x SM

my=125 GeV, 2.9 <m; < 3.3 GeV

o(pp - H) x B(H - uuy) < 1.80 (1.90) fb

B(H-> (J/Y)y) <1.5% 1073

540 x SM (m_ =125 GeV)
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ATLAS EXxotics Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2015 fL dt = (19.5 - 20.3) fb1 \/_ — 8 TeV
Model Signature  [£dt[fb7'] Lifetime limit Reference

Hidden Valley H — mym, 2 low-EMF tracklessjets  20.3 | a, lifetime _ m(my) = 25 Gev 1501.04020
=
S  Hidden Valley H — mmy 2 ID/MS vertices 195 | a, lifetime _ m(m,) = 25 GeV Preliminary
=
I
o
a FRVZ H — 2y4 + X 2 e—, y—, n—jets 203 | va |_ H = 294 + X, m(7¢) = 400 MeV 1400.0746
S
.%

FRVZ H = 4y + X 2 e—, -, n—jets 203 |74 Iif_ H = dyg + X, m{yq) = 400 MeV 1409.0746

Hidden Valley H — m 7w, 2 low-EMF trackless jets 203 | y lifetime _ m(ny) = 25 GeV 1501.04020
&R
o)
clé Hidden Valley H — m,7, 2 ID/MS vertices 195 | =y lifetime _ mimy) = 25 GeV Preliminary
(0n]
%
% FRVZ H — 4yy + X 2 e—, pu—, n—jets 20.3 74 lifetime _ H — 4ys + X, m(yq) = 400 MeV 1409.0746
L Hidden Valley ® — zm, 2 low-EMF tracklessjets  20.3 |  lifetime _ oxBR = 1pb, m(ry) = 50 GeV 1501.04020
[
O]
<
< Hidden Valley ® — mw, 2 low-EMF trackless jets 203 | , litetime _ oxBR = 1pb, m(ry) = 50 GeV 1501.04020
)
O}
§ Hidden Valley & — my 2 ID/MS vertices 195 | a, lifetime _ oxBR = 1pb, m(zy) = 50 GeV Preliminary
<

GMSB non-pointing or delayed y 203 | x? lifetime - oo08s54m SPS8 with A = 200 TeV 1409.5542
@
ES
O HV Z'( TeV) — qugy 2 ID/MS vertices 20.3 7y lifetime oxBR = 1 pb, m(n,) = 50 GeV Preliminary

HV Z'(2 TeV) — qvaqy 2 ID/MS vertices 20.3 7y lifetime oxBR = 1pb, m(n,) =50 GeV Preliminary

L L Lol L L L L L Ll L L L L L Ll L L L L L Illllll L L
0.01 01 1 10 100
ct [m]
. N - - 27

*Or-rlf—}ha gglggigr[;'of%%%\g/&%fé lifetime limits on new states is shown. EPS HEP (22 29 Jul 2015)



