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CMS

Introduction

H(125) to invisible decays very small in the SM
SM 8(H—Z2Z7"—4v) ~ 0.1%

Direct searches + indirect constraints: most recent result
from CMS has a best fit B(H—inv.) ~ 7% =+ 5% (compatible with 0)

Several models predict an enhancement in invisible
decays, e.g. if Higgs serving as/contributing to a
SM <> DM connection
o H(125) could decay to a pair of fermion/scalar/vector
DM particles
o There could be a Dark Higgs sector with mixing to the
SM Higgs sector

H—invisible searches at the LHC
o Complementary to direct DM searches
o Observable production would be a very exciting sign
of New Physics
o Direct searches using MET+X signatures and their
combination: subject of this talk

HIG-22-001
Nature 607 (2022) 60
CMS 138 b (13 TeV)
® Observed | |+1 8D (stat)
=== +1 SD (stat @ syst) D =1 SD (syst)
— +2 SDs (stat @ syst)
— ; Stat Syst
Ky —-§— 1.01:0.10 %007 +0.07
KW_ ‘é 1'00—0.06 -0.04 -0.04
KZ_ '¢ 1'00-0.03 -0.03 -0.01
K 09010 5 5
Kr_ —@:— 0.91:007 :0.04 tg:gg
Kui —@— 141000 20 w007
I e
Kg_ - 0.93:007 :005 00
5| - 1o73% o o
Blnv__ 0.07:005 002 =0.04
BU"det-E,,,|,,,,i,,,,|,,,,|,,, 0.007008  +005  +0.03

0O 05 1 15 2 25 3 35 4
Parameter value

Collider Search

—

DM SM

Direct
detection

DM SM

—_—

Indirect detection

Olivier Davignon



CMS

JOKER

Olivier Davignon L/I/(L



CMS

Olivier Davignon L/I/L



The Higgs to invisible searches in CMS
ggF + ISR — MonoJet ¢ /‘/@ ttH

X — ttH semi leptonic
' < — ttH fully leptonic
7 X — ttH hadronic

gmgm\@

VH hadronic
Resolved qq pair — VH resolved

Unresolved qq pair — MonoV

ZH leptonic — (Z—¢t)H

All major Higgs production modes
and final states covered by CMS

CMS
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The Higgs to invisible searches in CMS

CMS, !

Final state Reference Lumi
M t
onoje EXO-20-004 140 £
MOHOV JHEP 11 (2021) 153
VBF HIG-20-003 140 fb-!
Phys. Rev. D 105 (2022) 092007
ttH hadronic
138 fb-!
VH hadronic resolved
HIG-21-007
Combination of all channels Up to 140 fb'1 @ 13 TeV
Up to 24.6 tb1 @ 7&8 TeV
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Background estimation

q q Z— wv +jets — irreducible background

70 e Estimated along with VV and smaller bkgs using:
o Double-lepton control regions, where the leptons are turned into
sources of missing momentum
o Single-photon control region, where the photon is turned into a
9 q source of missing momentum
+ transfer factors used in simultaneous fit with the signal region

mis-identified, ~_
mis-reconstructed,
etc.

W+

W— v + jets — “lost lepton” background

e Estimated along with leptonic top and smaller bkgs using:
o Single-lepton control regions, where the lepton is turned into a
source of missing momentum

q v + transfer factors used in simultaneous fit with the signal region
&
g q L N J [ J
g QCD multijet — reducible background
e Can be due to mismeasurements of jets energies, detector noise, etc.
Reduced through dedicated selections & estimated using;
g q o QCD control regions, and transfer factors

CMS
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=" ~"MonoJet & MonoV search (1/ 2)

: EXO-20-004 juep 11 2021)153 @ N <

Experzmentul signature & selections

Particles

: - - g e Full
miss miss g . ¥ Output Y
e Trigger on pmiss and H; g rwirdfdfl'{l_] iy, p 3
. . . & +— > to ol
e High-p; & central jet|n|<2.4: particles, ordered by pr o ¥ =
12 uni AN
o MonoV: AK8 p; > 250 GeV ) Ve e | 8
¢ == o =
o MonoJet: AK4 p. > 100 GeV I LR — Gopout | [P | E
' = <SVS, ordered by Sip2p =0.2) 2.
o ppiss>250 GeV @

o __(13TeV)
f CMS simulation

e Suppress QCD multijet background through
Ap(pmiss, 7)> 0.5 cut
e Veto on leptons, photons, b-jets

Jet tagging
e Events with an AKS jet with py > 250 GeV that .

n n n | n n n | P n | n n n | n n ‘3
0.0 0.2 0.4 0.6 0.8 1.0
DeepAK8 score

|| — QCDjets — Z(@) — W(a)

3 event categories:
e MonoJet
e MonoV low purity
e MonoV high purity

_d. [High-purity] " ]

pass certain DeepAKS8 score and mg, cuts are

59.7 o™ (13 TeV) 59.7 fb' (13 TeV)
. . > T T T rrT R T AR N R R
assigned to one of the two MonoV categories Gop cws  +ow Mo | Bl cws | tow Moo ]
. . 2104' gll(;rg)jet DW(lv)+jels .WW/ZZ/WZ ] ; , QAQT;-V (high-purity) Dwuvmets .WW/zz/wz
(low or high purity) P oo oo g Hrooen oo
. . . e —— H(inv), B=25% —— H(nv), B=25% 1
e Events without such jet are assigned to Mono]Jet 107 o pez 10 Ho e
10 _mx=y1 Gm;:/ 1k _mﬂ=‘1 é“;/
Background estimation i
10'E g
e Simultaneous fit to SR, ee, uu, e, u and y control ol 00k
. . . g 14 AR A 8.1.4?
regions to extract Z—vv+jets and W-—Lv+jets Egé“’“fi‘éﬁ;ﬁwen‘ ¢rFt+:#:+ S
backgrounds o e T
. . . § P %oo—-——.—_ r—
e QCD estimated in a dedicated CR where the e e o e 00 Bl

300 400 500 600 700 800 900 1000

sts (GeV) p_r|1_1iss (GeV)

Ap(pmiss, B cut is inverted

CMS
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:ﬁ ______

1.0

Oobs / c)'SM(H)

B(H= inv)

CMS

137 fb 1 , 2016- 2018 (13 TeV)

0.4

0.2

0.0+

95% CL upper Ilmlts CMS
95% expected

Bl 68% expected

--o-  Median expected

—o— QObserved

~“MonoJet & MonoV search (2/2)

EXO-20-004 juep 11 2021)153 @ o h\<

Analysis 95% C.L. upper limit on 8(H—inv.)
observed (expected)
MonoJet 60% (36%)
MonoV 37% (31%)
Combination 28% (25%)

| | | | | |

Combined Mono-V Monoijet
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< VBF H—invisible (1/4)

HIG-20-003 Phys. Rev. D 105 (2022) 092007

asw'3tev)  Triggers, categories & selections

-9 T | T 17T | T 17T T 1T T 1T L | T 17T | T 17T
w | CMS ] 2 event categories
N R s pa = e “MTR”: based on standard pmiss and Hmiss trigger, pmiss >
Bz sag™ ] 250 GeV cut offline
0.8 WTR: 7 “VTR": based on VBF 2-jet + MET trigger, pmiss > 160 GeV
_+ s = 2], p_> 80,40 GeV ) . .
I m; > 200 GeV, A9, <1.5rad _ and tighter cuts on jets
0.6 |, VTR: a O. Improvement of sensitivity ~ 8%
i = 2j, p_> 140,70 GeV ]  Selections
0.4 - m; > 900 GeV, A¢, <1.8 rad e Based on two forward / high p; jets, close in A¢(jj), high
:- s MTR triggers ] prmiss, jets and p,miss well separated in Ag
0.2~ \I\;ITTS t‘r’iTg getrzreSho'd‘_ — fight against the main backgrounds from V+jets (in
- VTR p™ threshold | particular VBF/EWK) and QCD
| 1 1 | | 1 11 1 1 111 | 1 111 | 1 11 | | 1 1 1 1 | 1 1 1 1
01 50 200 250 300 350 400 450 500 . : :
prTn.ss (GeV) e Mjj used as the fit variable

CMS,
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¢ VBF H—invisible (2/4)

HIG-20-003 Phys. Rev. D 105 (2022) 092007

Instrumental backgrounds cms__

101 fb™' (13 TeV)

Analysis affected by many instrumental backgrounds - % = 2 - ff(”)
mostly endcaps and forward calorimeters gt e Ve
L
HF subdetector noise (p,ms aligned with jets) ool ‘ cosdne ot
e Suppressed using jet shape cuts B Sy T ST
e Mijj shape of HF noise evaluated using dedicated & P T T
control region with HF jet shape cuts inverted — fos_‘*J'*_
closure test R S Vit
cMs 101 1o (13 TeV) _ cms 96.4 b (13 TeV)
QED multijet oy ot aligned with e o S ]} 0 ST S
e Estimated using 2 dedicated control regions with  ° h e . e
minAdg(jet, pymiss) cut inverted; a fit is performed to Rt
the minA¢ distribution in order to extract the ? L o
predicted yield in the SR (which is at high minA¢) & = ER ++++#+ =

— Tremendous effort to suppress and estimate backgrounds coming from such effects

CMS
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¢ VBF H—invisible (3/4)

HIG-20-003 Phys. Rev. D 105 (2022) 092007

o Transfer factors to the SR

10°E- MTR ee-CR —3— Data
E Z(ll)+jets (strong)

- Z(Il)+jets (VBF) ) E .
Loy categories

s CMS 101 fb" (13 TeV)

Events / GeV

V+jets backgrounds

(2]

MS 101 o™ (13 TeV)

L] .
e Simultaneous fit to SR, ee, uu, e, u P ——r—y ~ F : J
o s, vt 8w MTRSR Home o e
. . :ZE_ \—’ E o 7$:::bi\;\f,(gifn>ﬁil;iiet % 10° W(w)»f.jets(vaF) O(herEW" =
and y control regions to extract signal SR — g e s e o

S m](H:MS 96.4 fo' (13T5V)7 > — - VBF — - ggH+VHtH El
. . % 1 Da‘:w n z —‘l——% Events / 1500 GeV 10 B(H — inv) = 0.07 é
and Z—vv+t+jets and W—={lv+jets I SE e 1 i
T & "UF VIRu-CR —+— Data E — E Events / 1500 GeV ]
‘ % b W(i)+jets (strong) 3 10T =|-_—-L =5 4
. g Wiksiets (VBF) 3 = ——" E
backgrounds simultaneously ; By b g :
. E S5 Total bkg. (S+B fit) = 1o *f 10- ;7 ;
c } = l; Events / 2250 GeV' ‘% B L. - = ‘:
TOtal Of 18 Such CRS fOI‘ v17 & '18 El 3 , é %éf ooy +8:8 0 \big.wosnanty —Fites 4218
= E = 5 12 -
= E © Ti- %\ =
1 § 1S +oomm Fon g oy ] S ol —— 3
Transfer factors to predict W and Z Ji e e E
. S T a m; (GeV)
backgrounds in the SR from the CR 8
cMms 59.7 b (13 TeV) CMS 59.7 fb' (13 TeV)
>0-2"I""I'"'I""I""I""I""I""I""I""7 = L B B B B L BN B LN B
[ MR 1 4 °C MTR 7
- _ N - _
0.15— — A r N
% C 4 8 ¢ i
= e ¢ i O 10— ]
f&|:|—,_ﬁ5 S P - + P ) 7
1\ 0.1— [— } & | — > E — 7]
N C —e———= _ - T i
[~ — —
e 5 I ]
0.05[— - - t $
. USe W / Z and Z / y rathS (Separate OE } Data - bkg. + Theoretical uncertainty 7: 0 : i Data - bkg. + Theoretical uncertainty ;
C Prediction (CR-postfit) + MC statistical uncertainty 7] : Prediction (CR-postfit) = MC statistical uncertainty :
for Strong and eWk pro du CtlonS) tO B Prediction (prefit) - = Experimental uncertainty ] : Prediction (prefit) - = Experimental uncertainty :
005l e e e e gl b b b L e e
: 11 h 1 f . f 5 18F b S 12F T ' #
S 161~ T kS| e _§
optimally use the information from ¢ 1§ et e T
st & g S | S osf *
the CRs R T o e sost .t ’ j
‘? 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 "? 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
g m; (GeV)  § m, (GeV)

CMS
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< VBF H—invisible (4/4)

HIG-20-003 Phys. Rev. D 105 (2022) 092007

Combined with previous analyses from 2012
(8 TeV) and from 2015-2016

19.7 b (8 TeV) + 140 fb™' (13 TeV)

0.2

0.1

= 0.8 .
2 - CMS —— Observed ]
z o7 L Median expected
1 C 68% expected ] . .. .
3 0.6 - 5 959% exgected E Analysis 95% C.L. upper limit on 8(H—inv.)
x 0.5 ;_ _; observed (expected)
s 04 E VBF 18% (10%)
-~ 03 -
[0} -
& ]
3 =
O
2
&

0 2012 - 2016 2017 2018 Combination

CMS
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< ttH(hadromc) VH(resolved)

NEW! | HIG-21-007

Direction of jet py

Selections & categories B
Selections are targeting >=2 jets final states, where the jets are Ag:/
rather central 15n1<2.4 JF
e Cuts are mainly aimed at improving signal purity: pmiss, H miss ’C Direction of Hymiss
and jet py
/ cos A;
e Cuts ensuring event quality on ppmiss/Hmiss < 1.2, minAg(jet, 0/
meiss) > (.5, a]min > 0.3 D 1803.07942
Ca tegories Category Szlllsl::)coast:egdollz 211]-5 nlb 1 znv P1j, (GeV) Other
2Boosted2b >5 >
e Count the number of jets and b-jets 01 Boosted }tgz EE ;12 ! i S
t =25 2
e Use of DeepAKS taggers to tag top’s and W’s in boosted ttH Wb >5 1 0 1
1W2b >5 >2 0 1
decays: “ttH Boosted” categories 5 5 1 0 0 Bp(b1, PE=) > 10
o . . . . . Y7, ttH Resolved 6j1b 26 1 0 0 > 80 & A‘P(jlr p?iss) > /2
e Also target resolved ttH decays with high jet multiplicity: “ttH 5% 5 22 0 0 89(by, p) > 10
py . 6i2b >6 >2 0 0 & Ag(by, pii=s) > 71/2
Resolved” categories 2 2 0 0 0
e 2 well resolved jets (+0/1/2 b-jets) with mjj compatible with v M 2 2 0. o mehioc
m,, or m, make up the “VH resolved” categories
L Ewk background estimation
QCD estimation s

Relies on dedicated CR with minAg¢(jet, p,miss) and @pin

e Use dedicated ee, uu, e, u and y (VH-

only) control regions simultaneously in

cuts inverted — used to normalize MC in SR using the fit with the SR

transfer factors

CMS,
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CMS Preliminary

e prmiss used as discriminant variable

HIG-21-007

e fine binning when allowed by statistics

ttH

10°

Events

100 4

Drell-Yan
mmm tf, Single Top

ttH Boosted-targeted categories

2 + jets

I Total bkg. (s+b fit) uncertainty

MM+ jets

—— Total bkg. (CR—only fit) —— Total bkg. (s+b fit)

ttH Resolved-targeted categories

o u o
!

.-
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-
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w»
1

Data / prediction
o = = N

-

-

Data / prediction
S o = =N

o
o

[200, 300)

CMS

[300, 400)

[400, 500) -

[500, ) -
[200, 300) -
[300, 400) -

In ttH, for statistical reasons:
e Di-lepton CRs shared across categories
e Boosted ttH: ££ = ee+uu CR

[400, 500) 4
[500, ») 4
[200, 300)
[300, 400) 1
[500, «) 4

Recoil (GeV)

105 4

10*

103 4

102

VH resolved

Y +jets
QCD multijet

ee + jets

1b

mmm tf, Single Top tixX
. W() + jets

VH-targeted categories

MM + jets

0ob . 1b
i

o un o
!

[&]
L

1

o

[200, 300)
[300, 400) 4
[500, «) 4

[400, 500)

[200, 300)
[300, 400) 4

[400, «)
[200, 300)
[300, «) |
[200, 300) -
[300, 400) -

[500, =) 4
[200, 300) 4
[300, 400) 4

[400, =) 4

[400, 500)

Photon CR only used in VH
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—— Total bkg. (CR—only fit)

[0 Total bkg. (s+b fit) uncertainty —— Total bkg. (s+b fit)

{
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e+jets CR

utjets CR

Events

Data / prediction

Events

Data / prediction

CMS Preliminary

ttH

HIG-21-007

138 fb~! (13 TeV)

107
mm tf, Single Top 124 - Multiboson —— Total bkg. (CR—only fit) ~ —— Total bkg. (s+b fit) ¢ Data
106 . W(Lv) + jets Drell-Yan [0 Total bkg. (s+b fit) uncertainty
105 ttH-targeted categories -- e+jets
2Boosted 1t 1w 5§ 6j
10¢] 10 2b 1b 2b 1b 2b 1b 2b 1b 2b
!
H
[
1034
102 4
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= ey
= Y
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q

VH resolved

138 fb~! (13 TeV)

Events

107 4

10° 5
104
10°
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. W(v) +jets
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[ Multiboson
Drell-Yan

tix
[ Total bkg. (s+b fit) uncertainty

—— Total bkg. (CR—only fit)

VH-targeted categories -- e+jets

2j

g
=)

—— Total bkg. (s+b fit) ¢ Data

g
n
L

Data / prediction
-

e e ¢k
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== background uncertainty
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. W(L) + jets
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Drell-Yan
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- ttH+VH: signal regions
t NEW! | HIG-21-007
ttH VH resolved

P -1
- 107 CMS Ppreliminary 138 fb™" (13 TeV) 100 .CMS prefiminary 138 fb-1 (13 TeV)
i o z N . N w0
c = tf, Single Top tx [ Totalbkg. (s+b fity uncertainty  —-— VH == ttH T Totalbkg. (s+bfit 2 Z(w)+jets  mmm Mulboson ~ EEEI Total bkg. (s+b fit) uncertainty == VBF == VH —— Total bkg. (s+b fit
<1>) 106 Z(wv) + jets @8 QCD multijet == VBF == ggH  —— Total bkg. (CR—only fit) ¢ Data q>) . W) + jets [ QCD multijet == ttH == ggH  —— Total bkg. (CR—only fit) ¢ Data
j - Mult £ t
] . W(L) +jets ultiboson i} = tf, Single Top ttx
. 7 .
105 4 ttH-targeted categories -- SR 10 VH-targeted categories -- SR
2Boosted 1t 1w 5j 6j 2j
100] 2b 1b ) 2b 1b 2b 1b . 2b 1b , 2b
103.
102.
10!
100.
5§20 s
e -
C1is L
S 5
290 1%
o o
~
=~ m© 0.5 -
g 05 9 background ncertainty @  s+b fit )  background uncertainty @ s+b fit
E ® CR-only fit 8 ® CR-only fit
scogbo—-—+—~41o———o— L L 4t -t 0.0 Y Y Y B By By py By py
A A A A A A . A A A A . 5 5 3 3 3 3 3 S 3
S 835835838 83888 88588 8888 8388 8588 85838 & 38 8 ¢ a g 2 ; R S @
M o M S M & N 5 M § N oM F N oM F B s M & W S M F N 5 M T N 5 M F 0 o R . S R S q 5
S 8§ 02 8 688 00230508 0 25008 5 5 8 oo 3 5 o5 o 2 8 8 8 ) 8 8 s ] )
o —_ O —_ O o o —_ O o o —_ O o o - O o o - O o o - O o o - O o o - O o [= - o~ m < o~ m o~
A o) N M5 N M5 N M3 N M oF N M5 N M5 N M5 [ = = = = = = .
Recoil (GeV) Recoil (GeV)

138 fb™!, 2016-2018 (13 TeV)

L AL LA LA AL L LY | I B

CMS Preliminary

<

1
1
1
I
1
1

Dominant backgrounds

-2 A Log(L)

IS

e ttH: ttbar ) B A
e VH: Z—vv+tjets s

ttH+VH Obs, 3=0.107 "

---- ttH+VH Exp, §=0.0%7

QCD is a small background after selection cuts .

Good data/MC agreement post-fit, no significant excess

oble NG A

04 -02 0 02 04 06 08
Signal strength u

-

CMS,
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ttH+VH: limits

NEW! [ HIG-21-007

138 fb™!, 2016-2018 (13 TeV)

~ 2
T °r | | ]
\(% ] 8:— CMS Pre/iminary 95% CL upper limits _:
b T —— serve 7 ° . ° .
P ;bd_ i o e Analysis 95% C.L. upper limit on 8(H—inv.)
b‘é " . ptd . observed (expected)
~ % expecte 7]
! 14 % expecte -
T [ 95% erpectes - ttH hadronic 51% (53%)
= 12 -
£ 13_ — 0.68 (0.53) B VH resolved 68% (53%)
m -
0.8 047 040) Combination 47% (40%)
0.6 3
ttH hadronic and VH resolved yielding similar
04 performance in terms of H—invisible exclusion limits
0.2
0

ttH
VH
ttH+VH

CMS
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H—invisible combination
NEW! [ HIG-21-007

Analysis Tag Production Mode Integrated Luminosity (fb™")
7TeV 8TeV 13TeV (Run 2)

VBF-tagged [20] VBF - 19.2 140

Z(I)H 4.9 19.7 140
VH-tagged [24][22] Z(bb)H - 189 138

V(G)H - 19.7 140
ttH-tagged [68,69] |1\ Eﬁl‘? - -
ggH-tagged [24] MonoJet - 19.7 140

Combination of all channels presented today
+ tt(leptonic)H— invisible re-interpretation from SUS-19-009 and SUS-19-011
+ (Z—tL)H—invisible from EXO-19-003

Overlap between analyses Treatment of systematics

Canceled/made negligible through specific cuts, e.g.: e Theo. signal systematics — correlated

e Overlap with VBF: in other analyses, veto events with ~ ® Theo. background systematics — uncorrelated (> phase space)
2 jets with pr > 80, 40 GeV, in opposite hemispheres, * Luminosity — correlated
with mj; > 200 GeV e Trigger — correlated if same paths / datasets

e Overlap with MonoJet/MonoV: in VH resolved e Lepton efficiencies — correlated if identical

analysis, remove events that have 65 < mjj < 120 GeV e JES & JER — correlated between VBF/MonoJet/ MonoV
e Everything else — uncorrelated

CMS,
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H—invisible combination: results (1/2)

NEW! [ HIG-21-007

4.9 o' (7 TeV), 19.7 b (8 TeV), 140 b (13 TeV)

491 (7 TeV), 19.7 fb" (8 TeV), 140 fb' (13 TeV

~
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B(H—inv.) < 15% (8%)

to date from direct searches

CMS
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H—invisible combination: results (2/2)

Observed limit on 8(H—inv.) also set as a function of the kv and kr coupling modifiers

e Best fit / contours from CMS Higgs10 paper [Nature 607 (2022) 60]
e In the 95% C.L. ellipse, observed limit on 8(H—inv.) ranges between 14 and 17%

4.9 b (7 TeV),

HIG-21-007 &

19.7 b7 (8 TeV), 140 fb™' (13 TeV)

-34
C\E‘1O IIIIIII| IIIIIII| | T T T TT
S,  E CMS Preliminary 90% CL Limits
s 10 B(H — inv) <0.14
©
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Result also interpreted in the context of Higgs portal models (i.e. where

there is a substantial coupling of DM to the Higgs), setting 90% C.L. limits

on the DM-nucleon cross section for:

e Fermion / scalar DM

e Vector DM using the "historical" EFT

e Vector DM using new EFT approach: UV-complete model at dark Higgs
masses of mz =1,10,100 GeV, mixing angle 0=0.2 [LHEP 2022 (2022) 270]

Result competitive/complementary with direct DM detection
= 10 GeV for fermion DM
< 6 GeV for scalar DM

= 20 GeV for vector DM in the most favorable case shown here (with
my=100 GeV)
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summary

e Two new results presented today
- Analysis of ttH + VH resolved hadronic modes — #(H—inv.) <47% (exp. 40%) @ 95% C.L.

- Combination of all CMS H — invisible searches — #(H—inv.) < 15% (exp. 8%) @ 95% C.L.
— Improvement of ~ 20% relative on top of standalone VBF result

e Small < 20 excess in both ATLAS* and CMS H — invisible results

— To be followed up Wlth more data *From ATLAS Higgs10 paper combining direct+indirect constraints:
B(H—inv.) < 13% (exp. 8%)
[Nature volume 607, pages 52-59 (2022)]

e Limits also set in the context of Higgs-portal models of dark matter interactions
- Complementary to direct searches for low masses

e Run-3 has just started: LHC will provide more data and we can expect more
improvements in data collection and analysis techniques from experiments

CMS
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Experimental signature & selections

Single /double electron and muon triggers

Two same flavour opposite sign leptons, with

| my,-m, | <15 GeV, pr, > 60 GeV

b-jet, tau, > 1 jet, additional leptons vetoes

Additional (mostly angular) selections to reject DY,

WZ and top backgrounds

Background estimation

e 3L control region: estimation of the WZ—{'vit
background
e 4{ control region: estimation of the ZZ—£'¢'(¢
background
e eu control region: estimation of the non-resonant
background WW—{£vly, fully leptonic tt, etc.
e Low p.miss control region: estimation of the DY
background
Final state 95% upper limit on 8(H—inv.)
observed (expected)
(Z—tt)H 29% (25%)
CMS

: (Z—tL)H—invisible

EXO-19-003 tur. Phys. J. C 81, 1 (2021) pp.13
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