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Boson + Ees: sianarire _|SG

. Dark Matter (DM) production at colliders:
- Missing Transverse Momentum (E{™ss) from DM particlesX\

KIRCHHOFF-
INSTITUT
FUR PHYSIK

« DM does not interact with the detector \ X+Emiss
- Recoiling against standard model (SM) particles signature
« Typically radiated from initial state y
v/9
q X
q X
J'.|.ETmiss, y+ETmiss, V+ETmiss:
Initial state radiation
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KIRCHHOFF-
BosoN + EMISS: SIGNATURE %\/ﬁ ST I

. Dark Matter (DM) production at colliders:
- Missing Transverse Momentum (E{™ss) from DM particlesX\

« DM does not interact with the detector \ X+Emiss
- Recoiling against standard model (SM) particles signature
 Typically radiated from initial state
- Higgs discovery - new opportunity to search for DM!
« Mono-Higgs directly probes DM production mechanism!

J

’7/g 4,9 Y h g
q X )
- — X
h,Z,~,
Z'\8S, ...
q‘ )Z a9 X !
jHE ™SS y+E Miss, \V+E Mmiss; Higgs+E miss: Higgs - invisible:
Initial state radiation Direct probe of BSM optional if m, <m,/2
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KIRCHHOFF-
BOSON + E-MISS: INTERPRETATION
T 4

FUR PHYSIK

. Mono-Higgs as example: ,
- 1) Effective field theory

- 2) Simplified models |
« Richer kinematics + phenomenology

q h
/// g t h
A A
z! \\ X t """" « X
_ 9
q X

Z’-2HDM model 2HDM+a model
JHEP 06 (2014) 078 arXiv:1701.07427
+ arXiv:1507.00966 ﬁ

- 3) Limits on h + DM production with minimal model dependence

« Allows easy re-interpretation M
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M ISS KIRC}:IHOF'F—
PHOTON + Er° [1] W o .

. Analysis strategy:
- Require y + E{™ss > 150 GeV

- Look for excess

@D A Selection overview
C
S Y: pr,>150 GeV,
()] SRR
e . ‘
jet:upto1
p>30 GeV
A
MET>150 GeV

5 E;™ss bins
3 inclusive,
2 exclusive

[1] CERN-EP-2017-044
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W
. Backgrounds (from MC):
- Irreducible:
e« SM Z(vv)+y (55-75%)
- Reducible:
e W(lv)+y (10-15%), y+jet (2-10%), e,jet—> y fakes (10-15%)
- Overview of signal regions (SR) and control regions (CR):

0 lepton SR 1 lepton CR 2 lepton CR

Constrain Z(vv)+y

Signal Constrain W+y using Z(£€)+y

Constrain y+jet
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MISS D
PHOTON + E- ﬂvf FOR PHYSIK I

. Backgrounds (from MC):
- Irreducible:
e« SM Z(vv)+y (55-75%)
- Reducible:
e W(lv)+y (10-15%), y+jet (2-10%), e,jet—> y fakes (10-15%)
- Overview of signal regions (SR) and control regions (CR):

0 lepton SR 1 lepton CR 2 lepton CR

Constrain Z(vv)+y

Signal Constrain W+y using Z(£€)+y

Constrain y+jet

. Kinematic similarity between SR and CRs:

« SR (0 leptons):  p;V = E{mss V=2>w
« TuCR: prY = pr(,Emss) V=W->puv
« 26CR (ee or up): pr' = p(£8) V=2Z>0¢

- Most selections identical in SR, 1uCR, 2¢-CR
- ytjet: 85 GeV < E{™ss < 110 GeV, remove E{™ss significance cut
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YIES et
PHOTON + ET %\/(- FUi{\PHYSiK
. Trigger:

- pyY > 140 GeV

. E;Miss “Significance” (reject y+jet with pile up):

- EMS /\ZEr > 8.5 GeV'/?

Good data/MC agreement in control region:

[ J
>105 L L DL L LN LI BN LI B IR L B = 6 T 'l""l""I"'d'I"'
8 ATLAS Preliminary Two-electron CR ~ —#-data & 10° = ATLAS Preliminary Photon-Jet CR +Ya:?ets
12 10" = {5-13TeV, 36.1 o Bz ny o 105 ¥5=13TeV,36.1 1" W(— Iv)y
—~ - Fake Pholons — - Fake PhOIOﬂS
£ 10°= CERN-EP-2017-044 @ & CERN-EP-2017-044 Z(—vv)y
S W(— Iv)y s 10 . Z(— Ny
0 & .
10° »
10°
10
1
v v v by v b by e b by e by e by e by by by
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© C = © c 3
o 0-5 - | IS S T N TN W TN N T T N T T T AT T T TN T AN T (NN T N N T M N S T S |__ D 0-5 — 1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 —
160 180 200 220 240 260 280 300 320 340 360 85 90 95 100 105 110
ET™* [GeV] ET*® [GeV]
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Proton +EMssResurs  BIE

. Signal Region:

- Not much space for new physics

= LI I L I A v S R I
& 10° & ATLAS Preliminary Signal Region Z(—vv)y =8
2 F 1s=13TeV, 361 fo" -EQ@ o ons 30
o 105 CERN-EP-2017-044 y +jets =R
5 :&9,-1--/9,-,-‘9,-)--;9.-2--,\ L (_) ")Y o =
4 10° i -===m/m_ =10/700 GeV__| 2
L 5 (|
10°
10
1
31_5__'I"'I"'I"'I"' LI AL L R DL B R LB L I L I__axcjj
o F ]
R | ‘% Gs s Gssssssss s R
S o5k, ENa

160 180 200 220 240 260 280 300 320 340 360

ET** [GeV]

KIRCHHOFF-
INSTITUT
FUR PHYSIK
S L R
10° == ATLAS Preliminary Signal Region Z(—vv)y -
E =13TeV, 361 10° mmFako Phoons
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= . L )y 3
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KIRCHHOFF-
MISS- INSTITUT
PHOTON + E"'>°: RESULTS %\/g NsTrTUT

. Strong exclusions on representative models:

. Y
Model Mediator 8q 8y ge g X
Al axial-vector  0.25 1 0 8q 8x
A2 axial-vector 0.1 1 0.1 med
V1 vector 0.25 1 0
V2 vector 0.1 1 0.01 q X
CERN-EP-2017-044
- (Other models not ShOWﬁ) < 900 AIITI'L)‘\SIFI’ 'I_I AL L L R ) BRI B B =
) - reliminary =
O, 450 (513 TeV, 36.1 fb" A1 Model E
£ 400F Axial-vector mediator =
- Dirac DM =
3505— 920250100 (= E
300 £ PP —
— a~ Q€ A .
250 f =
200F- & =
= § e ] =
150 — Q$ " = Observed 95% CL % =
N Observed t 15, ., % ]
100 — ---- Expected 95% CL =
— Expected + 16 -
50 = — Relic density =
A T R R B R TS| L
0 200 400 600 800 1000 1200
m_ .4 [GeV]
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PHOTON + E-MISS: “MODEL-INDEPENDENT” LIMITS ﬁ\/{

« Limits on y+DM events with minimal model dependence
 Assume back-to-back topology of y and E™ss

- Set limits on visible cross section:

KIRCHHOFF-
INSTITUT
FUR PHYSIK

O-ViS — g X A X E< reconstruction and

selection efficiency

Acceptance to fall into given E{™ss bin and pass particle-level selections

- Translate into limits on fiducial cross section g X

- Residual dependence of A and € on the event topology in given E{™ss bin

. Estimate by studying a range of models, take weakest limit

CERN-EP-2017-044 o X A limit [fb]

Region SRI1 SRI2 SRI3
95% CL observed 7.0 3.7 2.3
95% CL expected 10.6 4.5 3.0
95% CL expected (x10) 14.5,7.7 6.2,3.3 4.2,2.2
A [%] 1448 5-31 2-19
€ [%] 84-95 73-86  64-85
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W=
h— b

~ ™
Highest BR = 58% h — Y
High SM backgrounds

Low BR =0.2%
High purity in m, window

T~
h

miss
ET

N

ATLAS-CONF-2017-028

ATLAS-CONF-2017-024
(not shown today) Py

\.
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HIGGS(bb) + EMSS [1]

W

KIRCHHOFF-
INSTITUT
FUR PHYSIK

. Analysis strategy:

. Require Emiss Resolved:

- Look for excess in m,, distribution:

~ D N Y 25—
24,
GJ ¢ r.. E
5|
.‘
.
L]
be’
| \
125 GeV 4
" Moo

x (1, 2 b-tags)
x 4 E;Mss bins
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HIGGS(bb) + EMISS NG o I
. Backgrounds (from MC):
- Resonant:
« SM Z(vv)h(bb)
- Non-resonant (dominant):
o Z(vv)+jets (30-60%), W+jets (10-25%), tt (15-20%) + rest
. Overview of signal regions (SR) and control regions (CR):

0 lepton signal region 1 lepton control region 2 lepton control region

Signal +
constrain Z(vv)+jets Constrain tt and W+jets
in m,, sidebands

Constrain Z(vv)+jets
using Z(€#f)+jets
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HIGGS(bb) + EMISS ﬂ\/ﬁ I
. Backgrounds (from MC):
- Resonant:
« SM Z(vv)h(bb)
- Non-resonant (dominant):
o Z(vv)tjets (30-70%), W+jets (10-20%), tt (10-50%) + rest
. Overview of signal regions (SR) and control regions (CR):

0 lepton signal region 1 lepton control region 2 lepton control region

Signal +
constrain Z(vv)+jets Constrain tt and W+jets
in m,, sidebands

Constrain Z(vv)+jets
using Z(€#f)+jets

. Kinematic similarity between SR and CRs:

. SR (0 leptons):  p,¥ = E,miss V=2Z>w
« 1uCR: pr/ = pr(,EM™) V=W>pv o~ pr'> 150 GeV
« 2¢CR (ee or uu): pY = p(€f) V=220

- Most selections identical in SR, 1uCR, 2¢-CR
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HIGGS(bb) + E;MISS

. Separate tt and W+jets in 1lep CR:

ATLAS C ONF—201 7—028

ATLAS CONF-201 7—028

W

KIRCHHOFF-
INSTITUT

FUR PHYSIK

-808_!|||||x| |||||||||||||||| ] -20_8 LA I I B L B [T T T T[T T T T[T 1T ]
3 rATLAS Simulation Prellmlnary . 3 *ATLAS Slmulatlon Preliminary .
90'7:_\/5=13T6V —ttu B 907: Vs =13 TeV —tt w E
S 0.6 1 Lepton, 1 b-tags CR —Wiiets @ ] S 0.6/ 1 Lepton, 2 b-tags CR — Wijets w ]
g TF ttvs. W+ets ottt | B of tt vs. W+jets oottt |
g 0_55_;; Charge Separation - W+jets u* E S 0. 55—“ Charge Separation - Wejets u* _f

llllll

illlj

1 l 11 1 | l 1 1 1 1 l 1 1 1 1 l 11 1 1 l 1 1 1 1 l 1 1 1
200 300 400 500 600 700 800
E™ss [GeV]

1 l 1 1 1 1 I 11 1 | l 11 1 | l 1111 l 1 1 1 1 l 1 1 1 1
200 300 400 500 600 700 800
E™ss [GeV]

. Trigger (main challenge):

E misstig > 70 GeV, plateau starts at E;™ss = 200 GeV - MC correction!
. B-tagging:

Highest purity in 2 b-tag category

High prpiqqs: 1 b-tag dominates sensitivity
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—

Data/SM
o

Events / 10 GeV

5
[1] ATLAS-CONF-2017-028

HIGGS(bb) + E-MISS: RESULTS

L B B B B
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i
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|__I SR (M d) : 0 lept —
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\\ I ET* > 500 GeV 1
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KIRCHHOFF-

FUR PHYSIK
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HIGGS(bb) + E-MISS: RESULTS
Results for Z’-2HDM model:

KIRCHHOFF-
INSTITUT
FUR PHYSIK

e

[
- Large portion of parameter space excluded
. Stronger sensitivity than mono-h(yy) for pr 5 2 150 GeV
. Complementarity for pr;, S 150GeV
mono-h(bb)
l; 1000_ LI . T T T [ T T T T ] T T T 1
& N ATLAS Preliminary — Observed limit 4 mono-h(yy)
O, gook Vs=13TeV, 36.1 fb” S§==F Expected limit +16 - | 450 N c
E< L Mono-h(bb), All limits at 95 % CL =~ .«.« Vs=13TeV, 32" I & - ATLAS Preliminary] | ©
— Z'-2HDM simplified model - Ve = 1 1 O, [ & Is=13TeV, 361 "] S
800 - tanB = 1’ gZ = 0'8’ mX =100 GeV Vg ° Tev, 2031 _: EO< 400 -_SN,"’ mono-H(yy), Z'-2HDM, Dirac DM— 7 g
- ATLAS-CONF-2017-028 3 o . ﬁ e E
700 — ] 350[ e Expected = ?
- - f ------ Expected + 167 ] %
— 1 1/ N Wt Expected - 16 | - 1]
600 _ 30077 ... i §
- . L} S
500 &/ B e g asof L 2
: . ¢ - 017-024 .
400 — 2007600 800 1000 1200 1400 O
- y S . - m,. [GeV]
300_ L ’ I [ P I \| T I‘|'~ L LT
500 1000 1500 2000 2500
m,. [GeV]
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FUR PHYSIK

HIGGS(bb) + E;MSS; “MODEL-INDEPENDENT” LIMITS ﬂ\/{ “stirur I
o Limits on h+DM events with minimal model dependence
« Assume SM-like Higgs boson (m, = 125 GeV, BR(h—>bb) = 58%)
. Assume back-to-back topology of Higgs and E;™ss
- Set limits on visible cross section:
Ovis,h+DM = OpsDM X BR(h — bb) X A X &

- A X & probability to reconstructed in same E;™ss bin as generated and
to pass all selections except b-tagging and m,, .., (measurement-specific)
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HIGGS(bb) + E-MSS; “MODEL-INDEPENDENT” LIMITS }\/f I

FUR PHYSIK

o Limits on h+DM events with minimal model dependence
« Assume SM-like Higgs boson (m, = 125 GeV, BR(h—>bb) = 58%)

. Assume back-to-back topology of Higgs and EMss
- Set limits on visible cross section:

TyishtDM = OntDM X BR(h — bb) X A X &

- A X & probability to reconstructed in same E;™ss bin as generated and
to pass all selections except b-tagging and m,, .., (measurement-specific)

. Oj+DM at parton level > can compare with [ s, do/dEFRS
T

. Rapge in O-gli)ss,h+DM G$?£h+DM AXe

S ENsS/GeV [fb] [fb] %

§ - +7.2

: :150,200) 19.1 18.3_2_% 15 ookt i
S [200,350) 13.1 10.5+41 35 from a range
2 [350,500) 2.4 1.7+07 40 of Z-2HDM
3 0.5 models

< [500, o) 1.7 1.8701 55
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e i
« First searches for Dark Matter using full 36.1 fb-1
- Photon + E™'ss:
» Large Z(vv)+y background, constrain from data
« Stringent exclusion limits
. “Model-independent” limits on:

- fiducial cross section o x A at particle level
« A, g provided
- Mono-h(bb):
. Large backgrounds, constrain from data

. Superior sensitivity for E;Mss > 150 GeV
- Statistically limited for E;™ss > 300 GeV

. “Model-independent” limits on:
- Visible cross section o x BR(h->bb) x A x ¢

« A x £ provided - translate to parton level

. Will probe more extreme regions of phase space
with more data + further analysis improvements
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KIRCHHOFF-
INSTITUT
MC  FUrRPHYSIK

Backup
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M ISS KIRC}:lHOF'F—
PHOTON + E- W e B

Event cleaning Quality and Primary vertex

Leading photon EY > 150 GeV, || < 1.37 or 1.52 < || < 2.37,
tight, isolated,.lzl <0.25m,
Ad(y, EMi%%) > 0.4

EMSS [\[ZE7 > 8.5GeV'/?
Jets 0 or 1 with pr > 30 GeV, [n| < 4.5 and A¢(jets, E™) > 0.4
Lepton veto on e and u

SRI1 SRI2 SRI3 SREI SRE2
ET™ [GeV] > 150 > 225 > 300 150-225 225-300
Selected events in data 2400 729 236 1671 493
Events with O jets 1559 379 116 1180 263
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M I S S KIRCHHOFF-
PHOTON + Eq W .

N lept

A

150 MET
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M ISS KIRC}:lHOF'F—
PHOTON + E- W e B

Process Event generators used PDF sets Order Requirements
DMsimp model MG5_aMC@NLO v2.4.3 NNPDF30_nlo_as_0118 NLO E?r' > 130 GeV
+ PyTHIA v8.212
EFT model MGS5_aMC@NLO v2.2.3 NNPDF30_lo_as_0130 LO E?r' > 130 GeV
+ PyTHIA v8.186
BSM resonance = PowHEG-Box CTI10 NLO ——
+ PyTHIA v8.210
W/Zy SHERPA v2.1.1 CT10 LO for Z: mge > 10 GeV
vy + jets SHERPA V2.1.1 CT10 LO ——
W/Z+jets SHERPA v2.2.0 NNPDF30_nnlo LO/NLO —-
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PHOTON + EMISS

KIRCHHOFF-

INSTITUT
W FUR PHYSIK

T — — — —— —— —— ——T ——T —— —— = s rrrrrrTrT T T T T T T T rrrr1rTT
= T T T T T T T T T T
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1 —> V)Y )
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- 10 I Z(— Ny @ [ Fake Photons
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() 3 - Z(—vv)y o W(— v)y
= 10 . >
(i w
| 1 | | | i | | | | | . L L L L
§J155_| T T T T T T T T T |_E g‘ls -.---.---.-..,...|...|...,...,.._:
I * * v : 8 1 < e 2 :
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= @ Z{—vv)y
>
“ 08 * .
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| || | 1 | 1 | | | 1 1
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KIRCHHOFF-

MONO-HIGGS(BB) %\/%

FUR PHYSIK

T\ > 150 GeV

p
2015: HLT _XE70 lowest unprescaled

2016: HLT xE90_MHT_L1XES50 single lepton trigger
2016: HLT xe{100 OR 110} _MHT_L1XE50
2016: HLT xE110_.MHT_L1XESH0

no loose e 1 signal 2 signal leptons

no loose u opposite-charged uu
71 GeV <my, < 106 GeV
83 GeV < me < 99 GeV

p?iss > 30 GeV for 0,1 b-tags p¥/H,; <3.5vVGeV
min(A¢(pr, ji,2,3)) > 20°
A¢(pY, P®) < 90° Hj = I opr
eptons

small- Rjets
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KIRCHHOFF-

MONO-HIGGS(BB) %\/f

FUR PHYSIK

N (small-Rjets) > 2 N (large- Rjets) > 1
N (track-jets) > 1

ph > 45 GeV —— p?? > 45 GeV
0
Z pr(7;) > 120(150) GeV

A¢(]1 32) < 140°
Ap(py, g1 + ja2) > 120°
New 2016 optimisation selection
(substantial reduction of tt, significance gain is up to 50%)

< 3b—jets no b—tagged track-jet outside J;
no loose-BDT-ID 7 no loose-BDT-ID 7 outside J;
no extended ID 7 no extended ID 7 outside J;
/ Z < 0.37 Z _7,,, outside .]1/( Z jz outside J; +pT ) <0.57
=4 =1 =1
AR(]I .72) <13
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KIRCHHOFF-
MONO-HIGGS(BB) %\/f FOR PHYSIK I

0 lepton 1 muon 2 leptons
Discriminant mpp distribution muon charge Mpp, single bin
Aim signal region tt and W+jets control region | Z+jets control region
b-tag multiplicities I and 2
i iss, 24

, E'}rnss ‘ Errrmss no mu ’ pt

Py resolved: [150,200], [200,350] and [350,500] GeV
merged: more than 500 GeV
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MONO-HIGGS(BB) %\/{ RM I

. Trigger (main challenge):
- E{misstig > 70 GeV — 110 GeV

- Plateau starts at E{™'ss = 200 GeV - dedicated MC correction!
. B-tagging:

- Reduce non-resonant SM backgrounds

- Highest purity in 2 b-tag category
. ETmiss:

- p7Y > 150 GeV

« Reduce SM backgrounds
- Reconstruction similar to mono-h(yy)

. Additional optimisations: )
- No isolated t leptons (tt & W+jets) tt reduced by
- AR(b,b) < 1.8 (it) ¢ up to 70%
- No extra b-tags (it) =>» significance gain
- H,-ratio (tt): up to 50%
« most p; in Higgs candidate + one extra jet
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« Binned maximum likelihood fit
- Free normalisations for main
backgrounds (tt, W+jets, Z+jets)

Systematic uncertainties

KIRCHHOFF-
INSTITUT
FUR PHYSIK

: L . Impact [%]
- Systematic uncertainties with Source of uncert. @ @ ©
Gaussian/log-normal priors V+jets modeling 50 57 82
Top modeling 32 30 39
. Analysis regions: SM Vh(bb) norm. 22 69 69
Signal modeling 39 29 21
MC statistics 49 113 216
Luminosity 32 45 54
b-tagging, track jets 1.4 11.1 173
b-tagging, calo jets 50 34 47
Jets R =04 1.7 38 21
Jets R =1.0 <0.1 12 47
Systematic 10.2 209 36.0
Statistical 5.8 37.6 615
Total 11.7 43.1 713
° . ? N leptons
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. Analysis strategy in a nutshell:
- Require E{™ss from y

- Look for excess in m,, distribution:

events
..

. Backgrounds:
- Resonant (from MC):

e« SM Z(vv)h(yy)
- Non-resonant (from data):

« Yy (=80%), ytjet (=20%), Vy, Vyy [1] ATLAS-CONF-2017-024
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. Trigger:
- Diphoton trigger, p;¥! "2 > 35 (25) GeV —
. Photon ID crucial
- Shower shape variables
- Unconverted photons (& = 85-95%):

« No hits in tracker
- Converted photons (& = 90-98%):
« 2 tracks consistent with massless y

1 track w/o hits in innermost tracker layer
- Isolated within AR = 0.2 (€ = 90%)

- Matched to primary vertex (¢ = 80%):

Calo

Tracks

« Neural Network
- Extrapolated y trajectories from calorimeter clusters, etc...
. ETmiss:
- Reconstructed objects (jets, e, u)
- Not reconstructed objects (tracks from same primary vertex)
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KIRCHHOFF-
INSTITUT
FUR PHYSIK

Results:
'> S ATLAS-CONF-2017-024
o ~ ATLAS Preliminary —— h =1, m=12509 GeV) .
g 12— Z's, Sin6 = 03g_1/3 Dirac DM —]
P - {s=13TeV, 36.1 b m, - 1GeV, mZB_ZOOGeV .
GCJ 10 I et Non-resonant bkg ]
> - .
L 8 - emeaea Non-resonant bkg + h 7
C Total 7
617 . I oh
4 . g A°
PN X
2 X’
2 5F 4 = 4501 3 | o T T = T A
o 4 { 4 4 > [ 5 ATLAS Preliminary] 1 =2
g 0¥ MM&*&“&‘ 44. 4.# ‘6& 5345 prows m‘“‘m’ ol e 4003_57 \s=18TeV. 36107 1 %
a _5 _ E“ -8 mono-H(yy), Z-2HDM, Dirac DM| - 5
! : . y : C tanf = 1.0,g =0.8,m, = 100 GeV =
110 120 130 140 150 160 o O:S/Gm_1 E
mw [GeV] 3507 """""""""""""""""""""""" Expected N 1 8
2 CREER Expected + 167 | GE)
I g Expected- 16 | | 2
300y ... B o
v 4 —
- £ &)
7% 5
250 1 &
ATLAS C F-2017-024 |
200 a— | ' L 107!
600 800 1000 1200 1400
m,. [GeV]
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. Analysis categories:

Category Requirements

| Mono-Higgs S Emiss > 7 VGeV, p’T’y > 90 GeV, lepton veto I
High-E7 | SE%ﬁss > 35.5VGeV, |zpy, — zpy| < 0.1 mm
Intermediate-Ef™*  Spmss > 4 VGeV, phd > 40 GeV, |85 — 227 | < 0.1 mm

Sgmiss > 4 VGeV, pj > 40 GeV, |25 — 2| > 0.1 mm

Different-Vertex

KIRCHHOFF-
INSTITUT
FUR PHYSIK

Rest pY > 15GeV
£ L e O T T4 e OO
G F ATLASPreliminary - o1 ToV, o 200 GaV o ATLAS Preliminary - - et TV, e200 eV
-~ 10 (§=13TeV,36.1 167 — — :‘,,, \[:rac [I)M :ﬁ,‘ E;v. mz‘n;zGooveev > 10° (S=13TeV, 361 16" — — :‘E, irac:M :;:I 1 z:;v. mzl;z(;)oveev mjss
ﬂ _____ ea_ scalar, Scalar DM m, = eV, "E _____ sa_ scalar, Scalar DM m, = eV, . — / 2
5 my, =275 GeV my, =275 GeV —
g 10 ) v L ) v S ETS ET V ET-
T .
f :l SM Higgs boson
103 r - yHets ha:rd —
, N Pr = pT
10 V77 syt stat. unc.
**** jets,y
(@) O 2F \ |
E 1 1 1 E 1 7 2,
5 / > | | L
£ % 5 10 15 208 % 50 100 150 200
hard
o Seris [VGeV] © pTar [GeV]
T

- First category to search for vector mediator and Z’-2HDM models
- All categories to search for heavy scalar model + EFT (low E{™ss)
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MoNO-HIGGS(yy) N

. Systematic uncertainties (statistically limited):

Source SM Higgs boson uncertainty (%) Signal uncertainty (%)
Experimental
Luminosity 3.2
Trigger efficiency 0.4
Vertex selection (inclusive cat.) < 0.01
Photon identification efficiency 2.7-3.7 29-43
Photon isolation efficiency 0.8-1.6 1.2
Photon energy scale 0.9-3.7 0.1-2
Photon energy resolution 0.1-1.1 0.1-0.2
EXs reconstruction (diphoton vertex) 2.0-10.3 -
ET"™ reconstruction (Jets, Soft term) 5.1-48 1.0-14
Pileup reweighting 0.7-11.0 02-5.6
Spurious signal (ratio with respect to stat. 29-34

uncertainty from background)
Theoretical
Factorisation and renormalisation scale 0.5-20 <11
PDF+ag 2-6 <25
Multi-parton interactions 0.5 — 31 (on ggF sample) <1
BR(H — yy) 1.73
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Jets

 Photons

- Il<2.37 (exclude crack 1.37 < |n| < 1.52)

- Leading (subleading) photon : p; > 35 GeV ( p;
>25GeV)

- Pass Tight Id, e/y ambiguity and
FixedCutTight Iso

- Relative p; cuts: p; > 0.35(0.25) m,, for
leading (subleading) photon

 Electrons

- pr>10 GeV and In| < 2.47 (exclude crack 1.37
<[l <1.52)

|dol/ 040 > 5 and z, sinB < 0.5 mMm
— Pass Medium LH ID and Loose Iso criteria
. ETmiss
- Recalculated w.r.t the diphoton vertex.

- Using TST soft-terms.

KIRCHHOFF-
INSTITUT
FUR PHYSIK

- AntiKt4EMTopojets
- pr>25GeVand |« 4.4

- JVT > 0.59 for central jets ( 20 GeV < p; < 60 GeV,
In| < 2.4)

Muons
- Pt>10 GeVand |n|<27
- |dol/040 > 3 and z, sin6 < 0.5 mMm
- Pass Medium ID and GradientLoose Iso criteria

Event selection

- Pass quality cuts
— Trigger HLT_g 35_loose_g 25_loose

- Pass jet cleaning : LooseBad WP for jets with p; >
20 GeV

- m,,in[105,160] GeV

- Events weights: 6
HgammaAnalysis:weight()*weight)vt()*lumixsec
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Category Mono-Higgs High-Efr]‘liSS Intermediate-E%“iSS Different-Vertex Rest
Data 9 72 464 1511 46804
Backgrounds

SM Higgs boson  2.43 + 0.22 42 +0.6 11.9+2.7 44 + 10 1360 + 110

Non-resonant 99+19 62+5 418 + 10 1490 + 18 45570 + 110

Total background 123+ 1.9 67+5 430 + 10 1535 + 21 46930 + 170
Heavy scalar, my = 275 GeV, m, = 50 GeV

Expected yields 99+13 32+4 52+6 42+ 6 198 + 18

A X € (%) 1.11 £0.07 3.62+0.13 5.81 £0.17 473 +0.17 223 +04
Heavy scalar, my = 275 GeV, m, = 60 GeV

Expected yields 109+1.4 23.8+£3.2 43+ 5 33+5 222 +20

A X € (%) 1.22 £ 0.07 2.67+£0.10 482 +0.14 3.65+0.13 249+04

Zl’g model, mgz; = 200 GeV, m, =1 GeV

Expected yields 20.0 £4.5 — — — —
A X € (%) 17.4 +0.2 - - — _

Z’-2HDM model, mz: = 1000 GeV, m 40 = 200 GeV, and m, = 100 GeV

Expected yields 280+5.3 - — - _
A X € (%) 70.7 £ 0.2 - — - _
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