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Introduction: Universe composition

Neutrinos Dark
10% Matter
63%
730/0 DARK ENERGY 239% DARK MATTER
Photons \ |
15% v

3.6% INTERGALACTIC GAS
0.4% STARS, ETC.

Atoms

12%
13.7 BILLION YEARS AGO TODAY

Universe 380,000 Id -
(Universe years old) Proof of existence of dark matter

' *23% of universe energy/matter i
a new type of (non-baryonic)
matter

*7/3% is a new type of energy
‘(cosmological constant)

*SM is 4%
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Introduction: Candidate DM particles

* Properties
— long lived (old)
— non-relativistic (slow)
— no electric or color charge
— very weak interaction with Standard Model particles
— subject to gravity interaction

No such particle exists in the SM

* Several potential candidates fulfilling these requirements for dark matter

— Dark: weakly interacting with electromagnetic radiation
— Hot & dark: ultra-relativistic velocities
» neutrinos
— Warm & dark: very high velocity
» sterile neutrinos, gravitinos
— Cold & dark: moving slowly
» Lightest SUSY particle (neutralino, gravitino as LSP), Lightest Kaluza-Klein particles
— Nonthermal relics:
» Bose-Einstein condensate (BEC), axions, axion clusters, solitons, supermassive wimpzillas
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Introduction: Dark Matter detection

X q X X q X
>< x >< Escapes detector
X q q g g X

MET

Indirect Detection Direct Detection Production at Colliders

e Assumption: interaction between SM and DM

candidates @LHC ‘{8

* Final state with two DM particles and SM
particle(s) = Missing transverse momentum
(p;™s ) + X signature where X=jet, v, W, Z, H, tt,
tt, t and also Higgs boson = Higgs + MET

* Main candidate for DM: Weakly Interacting 9
Massive Particle (WIMP) — —
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MonoHiggs searches @ LHC

Signature:
» Higgs boson decay products + MET - Higgs particle used as a TAG
> Looking for H decay products + MET
» Several theoretical models predicts this kind of final state:
* SUSY production with supersymmetric higgs particles (not studied here)
* Higgs-portal, models, EFT, simplified models
Reference papers:
= 10.1103/PhysRevD.89.075017, 10.1007/JHEP06(2014)078,
= ATLAS-CMS Dark Matter Forum FINAL REPORT: arXiv:1507.00966

Small coupling of a Higgs to quark = ISR production
highly suppressed = a mono-H is preferentially emitted

at the effective vertex ISR suppressed

Goals of monoH analyses: St xh s h

» derive sensitivity of monoHiggs analyses to probe DM | N ;
mass hypotheses for different models h, Z,7, t

» probe directly the structure of the effective DM-SM a9 T g X
coupling
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Z’-2HDM model

Model obtained by extending the 2HDM with an additional U(1),, symmetry group that
postulates a heavy spin-1 Z’ particle with gauge coupling g, , and a candidate for dark
matter (DM) x, which couples to the A boson with coupling strength g, .

Particle | Description

X Fermionic DM particle | q h
VA U(1)z gauge boson U4
¢ Z'’ sector scalar ,’
P, P; | Two Higgs doublets ’ ”
h,H Neutral CP-even scalars Z

- Charged heavy Higgs T, X
A° Neutral CP-odd pseudoscalar 0\
Param. @ Description Value AY T
my DM mass 100 GeV
mz Z’ mass see Table 5
m 40 A" mass see Table 5
L . Z'-quark coupling 08orEq.1 — >
tanf | ®,,4 VEV angle | 1 q X
Parameter Description Value
119 mass of the pseudoscalar Higgs A, decaying into 300-800 GeV

two DM candidates

m, DM Candidate mass 100 GeV
m,, Z' mass 600-2500 GeV

N.B. Values of m, below 300 GeV are excluded by constraints on flavor
changing neutral currents from measurements of b—>sy
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Z’-baryonic model

* A baryonic gauge boson Z’ arises from a new U(1),; baryon number symmetry

e 7' emits a Higgs boson and then decays to a pair of Dirac fermionic DM particles.

* A baryonic Higgs boson (hy) is introduced to spontaneously break the new symmetry
and generates the Z’ boson mass via a coupling that is dependent on the h; vacuum
expectation value.

* The Z’ couplings to quarks and DM are proportional to the U(1), gauge couplings.
There is a mixing between h; and the SM Higgs boson, allowing the Z" to radiate an
SM-like Higgs boson.

* The stable baryonic states in this model are the candidate DM particles.

Particle | Description

X Fermionic DM particle

Z' U(1)p gauge boson

hg Baryonic Higgs

Param. | Description Value

M,y DM mass 1-1000 GeV
mz: Z' mass 10-10000 GeV
L Z’-quark coupling 1/3

Sx Z'-DM coupling 1

Luz'7! Z’-h coupling Mz
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Both h->yy and h->tt are not dependent
on p;™ss trigger thresholds = probe DM

Latest CMS monoHiggs searches

CMS has released several results about monoH searches with 13 TeV data
and NEW one combining several final state have been just approved

Channel Dataset Luminosity Model

h— 7 + h— bb 2.3 fb! Z'-2HDM

h— vy + h— 771 2016 350fb~' Z'-2HDM + Z'-Baryonic
2016

h— bb 35.9 fb~! Z'-2HDM
h%bb IS the most prOba ble Channel Decays of a 125 GeV Standard-Model Higgs boson
because of the BR (58%) charm/antharm, 22] ¥F ] 24 ther
. . au/anti-tau [~ | A
h->yy channel benefits from higher RPN P oul

2 gluons —

precision in reconstructed invariant mass 9%
h—2>tt channel benefits from smaller SM
background.

scenarios with lower p,miss
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MonoHiggs searches with 2016 data:
H->bb

CMS-B2G-17-004
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H—>bb strategy

The current CMS analysis in the h->bb final state is a reinterpretation of a

search for heavy resonances V' decaying to Vh, where:

e V=W,Z

- W=2lv

- Z2llorZ>vv
* h—>bb

* V' is a heavy resonance:
- Only the Z’-2HDM is considered in the reinterpretation

- The Higgs boson is considered to be highly boosted (m,. > 1 TeV)

Z 9  7’_2HDM Model

r/

q Original Model

v ,
Z

11
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H—->bb selection

The basic selection of the h->bb analysis requires one AK8 jet compatible
with the decay of a Higgs boson to a pair of b quarks and large p, s

359 fb! (13 TeV)
. - F T I T T T T T T T T T T T I T T T
e HLT based on me'SS >90-110 GeV E soF. CMS 4+ Data
© FE o,2btag B Z(vv).W(lv)+jets
. . » 70 , ff, t+X
A boosted h—>bb candidate with: £ s8 L VA | sm inss EEIVV.Vh
@ 60 ' e Fit unc.
° pTJ > 200 GeV 50F-

 Two b-tag categories
- 1 or 2 AK4 sub-jets b-tagged
M| <25
105 GeV<m’< 135 GeV
¢ p,Mss >250 GeV
* Events with leptons or additional
AK4 b-tagged jets are rejected

é;‘;*'{'ﬁr"“ ““‘““Tiij'*",‘ ii%;'i'i -}—};-{-; -L} ;—*—5-;@}-}{-}41—{;&

(N*2N*¥)/5
-L I'I\:Icl\:l-h o]

50 100 150 200 550
jet mass (GeV)
To ensure the Higgs boson is produced back-to-back with respect to the dark matter system,

and to reduce the QCD multijet production:
|Ad(jet, p;™* )| > 0.5rad for every jet and |A¢ (jet, p;™* )| > 2rad for the h-tagged AKS jet
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H->bb: background and signal extraction

The main backgrounds affecting the h->bb signal region:

Z2>Vvv + b-jets :

e Estimated in m, sidebands by fitting
with a polynomial function

* Yields and shape in signal region
obtained by applying a transfer factor

Top:

o (m$h)

Fs;’m, V+jets(

m\Tfh)

Fs:m V4 jets (

* Normalized in control region
* Relax m’ cut
« At least one additional AK4 b-jet

VV and VH :

e Taken from simulation

Vh)

Signal and background yields are obtained

through a fit to the signal region and the

N. De Filippis

control regions to the m', distribution

Events /( 100 GeV)

10

107

359 fb (13TeV)

T | T
¢ Data
P Z(vv), W(lv)+jets
ff, t+X
- VV, Vh
# Bkg. unc.
====== Pre-fit

| IIIIIII

......... m,. = 2000 GeV
Z'-2HDM
m,=300 GeV

- - my = 1400 GeV

i = 3000 GeV

T
K
3
%
£
IIIIIIII| IIIIIIJ-I‘r

1000

1500

2000

myy, = \/2pm‘SSEJ [1 — cos Ap(J, piiss)]
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H->bb: systematic uncertainties

Different sources of uncertainty are considered in the analysis:

* Jets:
- Energy scale and resolution: 1-11%
- Jet energy corrections: 1%
- b-tag efficiency: 2-7% for signal
- Parton shower: 6% for signal

* Trigger efficiency: 3%

* Data-driven background estimation:
- Z+jets: 2-15%
- Top: 2-17%

* PDF, ug, We: 21-30%

* Top p; uncertainty: 14%

* Pile-up: 1%

* Luminosity: 2.5%

N. De Filippis Nov.. 26-30, 2018
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H->bb results: Z’-2HDM

;1 200

CMS 359" (13 TeV) 02 3 3
NN | 1 oseried 4 319 @ ¢
@ . ] : b o h - b
G 1100E0NN 7, S -
=T — - \-
£ 1000} R Ay
= 10 2 q X
900} ) =
_ N T
800 N
| m,= 100 GeV 1T @
700 ;:v.;:_:f ’ mA:mH:mI—F :l\;L
y 2 ©
600 A~ s
- L=
5004 107 E
2
400 S
o
— —2
3001500 1500 2000 2500 3000 3500 4000 1° 2
(e)]

m.. (GeV)

m, up to 3.3 TeV and m, up to 0.8 TeV are excluded at 95%CL
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MonoHiggs searches with 2016 data:
H>yy

JHEP09(2018)046
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H->vy selection

The h->vyy exploits events with two energetic photons compatible with the
decay of a Higgs boson, and large missing transverse momentum p;Ms:

* E'>30GeV, E{?>20 GeV

* m,> 95 GeV

* p™*>50 GeV

Events are further categorized in a high-sensitivity and a low-sensitivity regions,
depending on the p;™, with optimized selections:

Variable Low-p2'=s Category High-pT2's* Category

pT® > 50 GeV, < 130 GeV > 130 GeV
PT1/Myy > 0.45 > 0.5
PT2/My~ > 0.25 > 0.25
Py > 75 GeV > 90 GeV

To select events in which the Higgs boson is produced back to back with the
invisible system and to reduce the multi-jet background contamination -

* | Ad(p,, py™)|> 2.1rad
* |Ad (pjery Py™* )| > 0.5rad for jets with p; > 50 GeV
* Events with 3 or more jets with p;>30 GeV are rejected

N. De Filippis Nov.. 26-30, 2018 17



H->yy background estimation

The main backgrounds of the h->yy channel involves the production of two photons. The
signal and background yields are estimated through a fit to the m,,, spectrum

* Resonant backgrounds (SM Higgs boson) and signal
* Shape taken from MC simulation
* Non-resonant backgrounds
e Shape given by a smooth function
e Bias studies are performed to test the dependence of the fit on the fitting function:
negligible with respect to statistical uncertainty

" 35.9 fb" (13 TeV) - 35.9 7' (13 TeV)
C E 10% CMS] —11— Observecli ]- DY + jelts g (UDJ 16 n CMS +  Observed
[ vh Cy+tEw,z 3 L
._'g > 10° DM + h(yy) [ ggh, VBF, fih ]QcD,y +jets ] o a0 Monres. background pdf
8 = Bl zz zw vy v E = [ DM+ hiyy) B :tsa
> Bkg. stat. unc. - wu L
o) w10 =uimii= Z-2HDM, m,, - 600 GeV, m, - 300 GeV c 12— P> 130 GeV t2sd
w m——— = Baryonic Z', m, = 100 GeV, Moy = 1 GeV 3 u}') o SM h contribution
GLJ 1067 3 - 10 C — Total background pdf
= 1 . 8 : : i
g 10°" C ng h'me'SS category
- 6
_E 1072 B e -
() 1O-ai-_".r--.:l....|....|....|....|.... 4
Q. o 28T E
O = 15F 2
(7)) o 1B E 4 :
g 8 0.5 ;— : A ; 0kt =TT | TS 29 3, OV 2 e W50 20 0 02
— OB v v L b b PR T 110 120 120 140 150 16 170 180
o 0 50 100 150 200 25 300

pI™** [GeV] My [GeV]
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MonoHiggs searches with 2016 data:
H->tt

JHEP09(2018)046
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H->tt selection

The three final states of T lepton pairs with the highest branching fractions are
considered
* eT, or ut,
* p;">26 GeV, p;*> 20 GeV
* e/u/t must pass dedicated MVA ID or ISO selection
* e/u must be isolated
* T, T,
* p;“>55GeV, p;%>40 GeV
* Looser MVA isolation selection required

To select events with a highly boosted Higgs boson recoiling against the dark
matter system, some more selections are required

*  p;™s>105 GeV

« PT>65GeV

* m_<125GeV

* AR_.<2.0

To further reduce top and multilepton backgrounds, events with b-tagged jets
or additional leptons are vetoed
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H->tt background estimation

The main processes contaminating the signal region of this final state are:

W-+Jets: estimated in control region T, T, Signal Region 35.9 b (13 TeV)
- Relax T, 1SO to take shape from MC CMS —+ Observed []Z—tt
with enhanced statistics W [l Diboson  EEW + jets/multijet

. Z—vv+jets h—t/WW
- Invert T, I1SO to define a CR used to %ﬁ j Bkg. uncertainty
normalize the process

Z'-2HDM, m,=1200 GeV, m,=300 GeV
QCD multijet: normalized in control region

—_
o
T

I IlIIIII| I IIIIIIII T IIIIIII|_

Events / GeV
2

10°
R Baryonic Z', m =100 GeV, m =1 GeV

IlIlIl | IlIJII.ll NN - IlIIIIII | IIIIIlI|

- Normalization extracted in same-sign e

control region 0 mmamelm=tt . 0,
- SS—>0S scale factor extracted from MC in

CR with low-p;™* and inverted T, 1SO 1

selection

SM Higgs boson, Top and di-boson:
taken from simulation

Obs./MC

0.5—
0 50 100 150 200 250 300 350 400 450 500
. . . . M [GeV
Signal and backgrounds yields are extracted from a simultaneous fit in the T [GeV]

signal region and the control regions to the total transverse mass

M = \/(EP + EP +Hpp=)2 — (p* + o + pP)2 — (5" + P2 + pP™=)?
N. De Filippis Nov.. 26-30, 2018 21




H->yy + H->tt systematics uncert.

Both the analyses are mainly limited by statistics. Since some resuls are combined , some of the
nuisances are considered fully correlated:

*  Luminosity: 2.5%

* Higgs boson production cross sections

* PDF, g, ue: 0.3-9%

Additional sources of uncertainty are considered separately for the two channels:

* h2>yy

- ggh cross section for events with p;" > 70 GeV: 20%
- h>yyBR:1.73%
- Trigger efficiency: 1%
- Photo ID efficiency: 2%
- Photon energy scale: 0.5%
- p;™ mismeasurement (ggh and VBF): 50%
— A¢ selection efficiency (ggh and VBF): 1-4%
* h>tt
- e, u, T, ID,iso, trigger: 2-9%
- e, u,jetfakingat,:12-25%
- T, jet, p;™ en.scale: 1-11% 12-25%
- Backgrounds normalization: 5-20%
- WH+jets, WW, ZZ NLO EW corrections: 2-12%
- Z+Jets LO-NLO corrections: up to 26%
- Top quark p; reweighting: up to 5%
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H->vy + H>tt results for Z’-2HDM

35.9fb™ (13 TeV CMS 35.9 b (13 TeV

- . LN ?;700 (13 TeV) 10° =
o — CMS —
& 10 E s Sth = 8 650 Z'-2HDM, Z' — DM + h(yy + 1) \E')
= - Z'-2HDM, Dirac DM e h 1 = _ >
X - m, =300 GeV, m,, =100 GeV oo hgg)) 1 & Dirac DM, mp,, =100 GeV &
= B . ot
T | 9= 0.8, 9oy = 1 === h{yy + ) | 600 g, = 0.8, Iou = 1.0
Ry i Observed 95% CL
T 1 = S50 - === Expected 95% CL 10
a C +1sd.
£ - 500
© ,

v 450

107 =
- . 400
] 11
- Solid (dashed) lines: observed (expected) 95% CI: ,,,,,,, g 350 B\
Shaded band: £ 1 s.d. on expected S “
10_2 | , . . . | . . N N | . . . T, | | | | IR | | i
500 1000 1500 200 300 60 80 1000 1200 1400 1600 1800 2000

M, [Ge\/!

Istan'

m,. [GeV]

The combination of the two decay channels excludes the Z' masses from
550 GeV to 1265 GeV for m, = 300 GeV.

N.B. These upper limits, although obtained with a DM mass of 100 GeV, can
be considered valid for any DM mass below 100 GeV since the BR for decays
of A to DM particles decreases as the dark matter mass increases.
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o(pp — Z' — xx h) [pb]

H->vy + H>tt results for Z’-Baryonic

35.9 b (13 TeV)
T T

10

T IIIIII|

T

CMS

''''

- Glh

== h(yy)
== h(t1)
== h(yy + 17)

Solid (dashed) lines: observed (expected) 95% CL ~""-._‘
| Shaded band: + 1 s.d. on expected

Baryonic Z', Dirac DM, 9,= 0.25, g,= 1, m, = 1 GeV

-
-
- - -

IIIIIII|

-

L
IIIIIII|

.
~.
‘~,,

1072

N.

L | L
500

L | L
1000

2000
m,. [GeV]

L | L
1500

Mpy [GeV]

CMS

35.9 fb (13 TeV)

900 Baryonic Z', Z' — DM + h(yy + 1)

800 Dirac DM, g,= 0.25,g,, =10

—— Observed 95% CL
Expected 95% CL
+1s.d.

700
600
500
400
300
200
100

L | 18 L I
200 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV]

L IIIIIII

The combination of the two decay channels excludes m,, up
to 615 GeV for my,, = 1 GeV
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[cm?]

DM-nucleon

S

0]

H->vy + H>tt: 6° interpretation

The limits on the Z’-Baryonic model are reinterpreted in terms of spin-independent
cross section for dark matter scattering off a nucleus, allowing a comparison with

direct detection experiments.
35.9fb" (13 TeV) CMS observed exclusion 90% CL

T T T TTT7T T T T L Vector mediator, Dirac DM
10°%7 9,=0259p,=10 2 2,2
CMS st J(99)9DMHaDM
1038 s DM+ h(y7) [ 1
= o M, 4
10739 i e DM + h(77)
1074 @ f(gg) = mediator-nucleon
1041 mm DM + h(yy + 1) coupling
; @ 12 = reduced mass of
10-42 DD observed exclusion 90% CL Fny =
CRESST-II nucleon-DM system
107 [arXiv:1509.01515]
(0t CDMSlite
[arXiv:1509.02448]
10745 PandaX-Il
" [arXiv:1607.07400]
10-% LUX
| | | — [arXiv:1608.07648]
— A7 | | I T | | | I I I | | 1 I I |
1077 - e e XENON1T
— [arXiv:1705.06655]
mpy [GeV]

For the baryonic Z’ model,
the limits are more stringent than direct detection experiments for my,, < 2.5 GeV
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Summary/Conclusions

The current CMS searches for mono-Higgs signature have been presented:

e Z'-2HDM:
e 7' mediator of mass from 1 TeV to 3 TeV and pseudoscalar A mediator of
mass up to 800 GeV are excluded by the h->bb analysis

* 7' masses from 550 GeV to 1265 GeV are excluded by the combination of
h—=>vyy and h->tt with m, =300 GeV

e Z’-baryonic: with my,, = 1 GeV, Z’ masses up to 615 GeV are excluded by the
combination of h->yy and h->tr

* Spin-Independent DM-nucleus cross section s*' limits:
* Values of 0 larger than 104! cm? are excluded at 95%CL for light DM
particles (better w.r.t. direct detection experiments)
* Short term plans:
* Results for the two models in the vy, Tt, bb, WW and ZZ final states are
combined and will become public shortly

* A paper of the combination will be published early next year
N. De Filippis Nov.. 26-30, 2018 26
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Evidence for Dark Matter: Coma cluster

In 1933, Fritz Zwicky = , TR A
calculated the mass of the B ' " '
Coma cluster using galaxies .~ - PRk .

on the outer edge, and - = ek

came up with a number 400 »:

fimes larger than expected.,

Now we know 90% ofits . A R et e : .
mass due to Dark Matter Tt ’




Evidence for Dark Matter: Galactic rotation

« Starting in 1970, first measurements e S
of the velocity curve of edge-on spiral i N— ;
galaxies i ]

* Velocity found to be flat, consistent
with ~10x as much “dark’ mass for
more than one galaxy

L) B Cc
@ o
ks Vi

A [\ biveshified S—
luminous matter =
dark matter halo

c redshifted /[\

< bluer wavelength redder —» =

Copymgnt © Asmon Wesey

Radus (kpc)
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Evidence for Dark Matter: Bullet cluster

* Collision of galaxies in bullet cluster

— lensing of background objects suggest at least |10x more Dark matter than
visible mass

N. De Filippis Nov.. 26-30,



Evidence for Dark Matter: Grawtatlon lensing

* visible mass not sufficient
to explain observed

lensing effect

Gafaxy Cluster SDSS J1004+4112
HST ACS/WFC

Jensed )
" Galaxy g .

.'0

. . ;
4
' »
’ A_ .
" & )* Lensed N an- ¥4
Supernova Quasar >
" -
107 ‘ -
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MonoHiggs models

* Models consist of the union of models from Phenom papers arxiv:1312.2592
arxiv:1402.7074 and ATLAS-CMS DM Forum, with phenomenology studies for new
models comir ,

» Six EFTs: dimension 4 to 8 contact operators valid below cutoff scale A

o a..2 1 9 _ 1 9 . ]. . )
A H|*x A H|"xx A H|*Xisx ?_)(Fd“)(HTFD#H
1 I(‘).rh! HYD. H 1 Aty B H?DUH
L Rl A__l\f XDPuv ‘
q: £

» Four simplified models: new massive
mediator — 7', S, A° — for Higgs-DM coupling

h

¥
s

’l &
g
Ail\-r i ¢
i Z’'-baryonicx i Z’-2HDM =x !

N. De Filippis Nov.. 26-30, 2018 33



EFT for mono-Higgs

» Effective Field Theory (EFT)

— Assume heavy particle mediating interaction: contact
interaction (integrate out mediator)

— For M — ~40 TeV, where A = M/,/4,3q

94 9%

2~ AAE2
@M yrzjat RAE

o(pp = Xx + X) ~

* Simple model for comparison
¥ Only a few parameters; dark matter mass my and cut-off scale A
v"Much easier than e.g. a full SUSY model
v Easy comparison to direct or indirect DM experiments
v DM can be fermion (Dirac or Majorana) or scalar (complex or real)

X Limitations on model validity <@ EFT lacks validity for high Q2 since it violates unit:

X Probe only one interaction at a time
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Simplified models for mono-Higgs

* Complete enough: ; g
— explicitly include mediators
* Simple enough: Z

— minimal number of
renormalizable interactions

» Valid enough:

- satisfy all non-high pT
constraints within parameter
space

C]
o<
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Dark matter models

EFT
- Dim4: MH[2x2, _ .
- Dims: L L Constrained by Br(H = invisible)
m 2. TR S IHP R
- Dim 6: ) ]
I 1 1 1 1 1]
%x*m*" vH'iD, H L yWxHYiD,H E vy HD,H . Constrained by Br(Z > invisible)
- Dim8: : " "
1 1 — '
T VB H D'H i WL HTt DY H Dernvative couplings lead to more
) ‘ MET, better acceptance efficien
Simplified % X" xB H'H, % Ko W H Tt H P ~

- Z' from extended gauge group: Gauge Baryon number B. Z' is (leptophobic) gauge boson of corresponding U(1) B
symmeifry, spontaneously broken by “Baryonic Higgs" hB, which mixes with SM H.

9ax -4
Low = =2 X (1 +

Quzrze f )
M,

’”}f’"

- £Z'from hidden sector mixing with SM: DM charged under new U(1)', SM states neutral. Mass mixing between Z
and Z' induces hZ' coupling.

0

g2 _u iy f i M s .
Tnedn + X7 Ey, ¥ £ hd |, &

2w ‘i
- Scalar S coupling to H: Real scalar singlet S with Yukawa coupling to DM mixes with SM through H only
(renormalizability, gauge invariance). hS coupling from scalar potential: g
— (‘.?m.:f + ar:i{h-’r"’S + bhS* + ..

"'uuhu_- m
i

- Z' coupled to a 2ZHDM: Type 2 2HDM with Z' gauge boson of U(1) z'. Z' on shell decays to H and pseudoscalar AQ.
AD has large branching fraction to DM



Mono-Higgs models

EFT approach (model-independent approach):
» non-renormalizable n-dim operators for X+E; generation,
> valid at energies below cutoff scale A

» no underlying UV physics specifications

fermionic DM dim-5 fermionic DM dim-6

98

h

!
!
!
’
’

scalar DM dim-4
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X

X

Simplified Model:
> A new massive particle (Z', S, A° ) mediates DM-H interaction

ik

9 | R | 1 .
/\|H|“x\'.z K |H|“\_/\ K'lei"[.”,"sx Exld#XHTLDpH

1 -"7)1 . 1 .
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scalar DM dim-6

fermionic DM dim-8
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Vector mediator

Two simplified models used for this analysis:

2HDM model

Scalar mediator

« Z’-2HDM: a Z’ produce as a on-shell resonance decaying into a Higgs and a
pseudoscalar A,, with A= xx
« Z'-baryonic: a vector mediator Z'; decays into xx after radiating a H

N. De Filippis

Nov.. 26-30, 201

8

Z’-baryonic model
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CMS in a nutshell

SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PbWO, HCAL Plastic scintillator
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nl<? 5 T acker Electron )
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Silicon
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mi<<.< AA» 10N \/ eclromeier Electromagnetic
Calorimeter £/

0 /pr=0.10 (1TeV muons) Hadron

Calorimeter Superconducting
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CMS upgrade in 2017/2018 after the EYETS

(extended year-end technical stop)

- Si strip Tracker
2018: lower operating

The original pixel detector
replaced with a new
device, the “Phase-1"

Bl Apsaivi- pixel detector to address
NS ' 2017: Upgraded HPDs—SiPMs in one 20° readout . . .. . .

Y dynamic inefficiencies in
/l dron Forward Calorimeter the readout Chlp at hlgh
rates 2

Electromagnetic Calorimeter
018: New DAQ llinks

N

Pixel Tracker
2018: replaced DCDC converters
and 6 modules
2017: new detector with 4 layers ¥
Run1: 3 layers

1 more pixel layer in
barrel and 1 more disk in
endcap

Muon Detectors
Drift tubes (VME — pTCA ROS)
Re tive Plate chambers;

he and then insert it again

imafle cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the i
high | i it d do bett hysi
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MonoHiggs results with 2015 data

CMS presented results of the combination of the h->yy and h->bb final states
with 2.3 fb! taken in 2015 for the Z’-2HDM model

231" (13 TeV)

m, =

10°

o(Z'=>yxh)[Pb]
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For m, = 300 GeV, the observed data exclude the Z’ mass range of 600 to 1860 GeV for g,, = 0.8
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H->vy + H>tt yields

H->vy

H>1tt

Expected background Low-p%lis's category Hig -p%iss category Expected background €Th HTh ThTh
SM h— v (Vh) 2.940.1(stat) £0.2(syst) 1.2640.05(stat)+£0.09(syst) | | W+ jets/QCD multijet 13.1+22 325+62 3.8 +2.6
SM h — v (ggh, tth, VBF) 5.3+0.3(stat)+1.2(syst) 0.11+0.01(stat)=+0.01(syst) tt 13.7+16 248+20 42+£13
Nonresonant background 125.1+11.2(stat) 4.5+2.1 (stat) SM Higgs boson 0.48 +£ 0.08 0.72 +0.06 1.21 £+ 0.08
Total background 133+11 (stat) £1 (syst) 5.9+2.1(stat) £0.1(syst) Diboson 123+£10 215+£15  73£06
Z—TT 0.00 = 0.01 0.0 +£0.5 36 +1.2
Observed events 159 6 Ny 0.9+ 10 90+ 1.3 -
7 —vv — 0.44+0.3
Total background 40.5 =+ 3.3 81.8+6.3 20.5+ 3.0
Observed events 38 81 26
h — v channel h — 777~ channel
Signal Low-pt™  High-p7™® €Th LTh Th Th
Z'-2HDM
Expected yield 0.1 204 45+ 0.6 6.0 03 11.1+£05 143+ 1.2
Ae [%)] 0.1 42.6 2.2 3.6 4.4
Baryonic 7'
Expected yield 14.7 = 6.7 13.8 £ 6.4 86 +03 16.8 4+ 0.5 209+ 0.8
Ae [%] 6.4 6.0 0.1 0.3 0.3
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