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KIRC?:IHOF_F—
OUTLINE #1 %\/f FOR PHYSIK I

« Dark Matter searches:
- Higgs - invisible
. Overview Generic signature:
« VBF channel SM particles
« Combo
- V+MET, Z+MET, H+MET

MET

fransverse
detector plane

« More Exotics results:
- https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

- https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
- https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

MET: missing transverse momentum
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Hioos > wvsee  BIg

. Motivation:
- Higgs couples to massive particles

- Dark Matter particles massive...
- H — xx possible if M, < Mg
. Competitive — Higgs production as tag:

KIRCHHOFF-
INSTITUT
FUR PHYSIK

[1] CONF-2018-005

[2] 1708.09624
[3] 1508.07869
[4] 1712.02345
[5] 1711.00431
[6] HIG-17-023

ggF H [49 pb] VH [2.3 pb] VBF H [3.8 pb]
+ ISR jet A
o_ !
H(125) H(125) X
X
ggF+V(had)H(inv): 0.83 (0.58) [1]
ATLAS Z()H(inv): 0.67 (0.39) [2] 0.28 (0.31) [3]
ggF+V(had)H(inv): 0.53 (0.40) [4]
CMS Z()H(inv): 0.40 (0.42) [5] #0-280.21)[0]
Next slides
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VBF HIGGS = INVISIBLE %\/f _sTiuT I

. Analysis strategy: HIG-17-023
- Require MET > 250 GeV

X
- Require high An, --O<
- Look for excess at high m;: H(125) X

\_ 1TeV m; _J/ q no other jets at LO
1) Cut & count: 2) Shape fit:
m; > 1.3 TeV, Anjj >4 m; > 0.2 TeV, Anjj > 1
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VBF HIGGS = INVISIBLE ﬂ\/{ FOR PHYSIK I

« Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR):

0 lepton SR 1 lepton CR 2 lepton CR

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

Signal + constrain

Z(vv)+jets etc. at low mijj Constrain Wtjets

Z(vv)tjets Z(H)+jets

HIG-17-023
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KIRCHHOFF-
VBF HIGGS = INVISIBLE ﬁ\/{ FOR PHYSIK I

« Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR):

0 lepton SR 1 lepton CR 2 lepton CR

Signal + constrain
Z(vv)+jets etc. at low mjj

Constrain Z(vv)+jets

Constrain W+jets using Z(££)+jets

35.9 fb” (13 TeV) 35.9 fb” (13 TeV)
>105 LR DR DL D [T > s LA LR DL DAL M
§ 104 CMS | @ Data -zr.w;.,ms:oco; (15 10 CMS ' + Data
P .0 Prel/m/nary [:] Wiiv)+jets (QCD) .z(w,.,ms (EW) @ 102 Preliminary Post-fit Z(uu)+jets
8 CR-onIy fit . Wikv)sjets (EW) % DimuonCR Pre-fit Z(up)+jets
i Qo 10 B Postfit Z(uu)+iets (EW)

[: Other backgrounds

=== ggH(125)-+inv. 1

|

A o s Bip————— T
8 8 b lli’vo-;vl l l‘ Pos|-'l |I ' 'Unlcorlnv'nlyl LA I ' o E '8 @ Pro-it L Post-fit U"lc""“ nty | l
% 1 m&—.w:?r::m....a....;.....fg ................ * ........... g\g 1
g 051, 9‘1 CY)
3 2 B . N
Elg o & <
Q — o | | | ] e el . ~
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 (ID
m; [GeV] m; [GeV] =
I
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KIRCHHOFF-
VBF HIGGS = INVISIBLE %\/{ FOR PHYSIK I

 Result: . Combination with other channels:
- BR(H=>inv) < 0.28 (0.21) - BR(H=>inv) < 0.24 (0.18)

. 35.9 b’ (13 TeV) 359" (13 TeV)
>10,,..| ARASE A RASAS DAL RARES RARES & 3 r I I T T ]
8 0t cMS S [ 261 o) % 1.4~ CMS Preliminary -
; . F Pre[,m’nary I:,wquets:OCO) .ZI\'\')vMsIEW} £ : —e— Observed
< 10°F 1.2 , -
qC) B-only fit .wm.,«s:sw. T [ --©- Median expected
U>.I cﬁ 1 B 68% expected i

= = ggH{(125)sinv. :C: : 95% expected 1
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g; 05 111111111 Combined VBF-iag Zl)H1ag Viga)H-tag ggH-tag
ED 2 L « Run 1 combinations:
e - ATLAS: <0.23 (0.24) [1509.00672]
1000 2000 3000 4000 5000
m, [GeV] - CMS: <0.24 (0.23) [1610.09218]
HIG-17-023 - LHC: <0.34 [1606.02266] (indir.
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V+MET: MOTIVATION & STRATEGY }\/{ FORBESIE

. Analysis strategy:

- Require MET
- Look for excess in m, distribution:
~ )
n A SR SB
| % | e
[ ]
o | o
«
t
-
! >
80 GeV
N 7 Mg

x ~10 MET bins
x (0,1, 2 b-tags)
x ~merged/resolved

ATLAS-CONF-2018-005

1) Merged:
MET > 250 GeV

my, + selection
on D2=1)
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V+MET: Momvation & strates ___ BlE

. Analysis strategy:
- Require MET

- Look for excess in m, distribution:

events A

ATLAS-CONF-2018-005

\
A SR SB
. '._.
S ‘
.
\
.
! >
80 GeV
° Maq

x ~10 MET bins
x (0,1, 2 b-tags)
x ~merged/resolved

0.3

0.25

0.2

0.15

Fractional jet mass resolution

0.1

0.05
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KIRCHHOFF-
INSTITUT
FUR PHYSIK

1) Merged:
MET > 250 GeV

mg, + selection

/on D2(B=1)

X New combined mass
(tracks + calo clusters)

- ATLAS Simulation Preliminary
- Vs =13 TeV, WZ - qqqq

| anti-k, R = 1.0 jets, | < 2.0

[ Trimmed (fcu' =005R  =0.2)

| LCW + JES + JMS calibrated

uuuuuuuuuuuuuuu

FULTTITIT S

uuuuuuuuuuuuu

o E = Calorimeter mass

..... pA— ===== Track assisted mass

I|l||§|||||[l:|||

IIlI|IIII|I

---------- Combined mass

1 1 I 1 1 1 1
2000 2500
Truth jet P, [GeV]

1 I 1 1 1 1 I 1 1 1 1 l 1 1
500 1000 1500
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V+MET: sacorounoestwaon ISl

INSTITUT
FUR PHYSIK

KIRCHHOFF-

« Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR)
Similar to VBF Higgs - invisible analysis

. Representative SR plots:

>
D 6 . Data
ATLAS Preliminary o 2oets G10°E ATLAS Preliminary Elﬁ;i?t?
) s R ets
Vs=13TeV,36.1 fo" N e e top quark 510° Vs=13TeV, 36.1 fo" 31t + single top quark
SR: merged topology (] aitnl?g(atn = 10 4 SR: resolved topology E ’Ialglzs;n
0 leptons, 0 b-tags, HP E\] B:clllground Uncertainty q>’ 0lepions, 2 b-ings N Bac'ggmu"d Uncertainty
--- Pre-fit Background LIJ103 Pre-fit Background
—H-inv(B,  =100%) 5 —H—)lnv(BHiwm_mO%)
— Vector Mediator Model 10 — Vector Mediator Model
mz = 600 GeV, m, = 1 GeV 10 mz = 600 GeV, m =1 GeV
1
107"
- 1)
1072 ! )
3 S
10 |
Se}
S
flll||l[lIIII|IIIIIIIIIIII]|IIIIlIll||llllIIIlIllIIIIII!!IIIIl__. E llllllllllllllllxll]lllllIIIIIIlIIIIIIIIIIIIIIIIIIIIIII[Illlllllll_
c% 5 4 w15 ... t E 9\
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<
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VeeTiresurs R

Tw+DM(ET™) X Bwsq7g X (A X &) (EF"™)

Tvis, W+DM(ET )

KIRCHHOFF-
INSTITUT
FUR PHYSIK

Provided - partonic Xsec limits

—_
o
w

T T
ATLAS Preliminary
Vs =13 TeV, 36.1 b

| |
s Expected limit 1o
sanan EXpeCted limit +20

o)
o
% - w— Observed limit
; -
;.
> = -
© PP E
= - ) -
o [ W(qq) +ET )
-+~
Limits on visible cross-section
E 10 g7 o o iS5 oL L E
- = ——
o C
S f eemmeed]
a B i
3 1 | | | | |
_I‘” [150,200) [200,250) [250,300) [300,400) [400,600) [600,1500)
. miss
O Range in ET [GeV]
% 600 Z AT’-AIS ‘P"e";ﬂigayryl - ]—Il (j)b]séweéi 95°/cl> éL
S - V5=13TeV, 36.1fb " ... Expected 95% CL
q W, Z X 3 500— Mono-W/Z(qq): Vector, Dirac (i'1_° and i_zo)
- gou=0.25,goy=1.0 Relic density
400
300 — -
7' :
200 9
L i
L 1
q X 1001 i
0: = 1 1

ATLAS-CONF-2018-005

L | . ey |
200 400 600 800

1 1 I 1 1 | 1 1 |
1000 1200 1400
mz [GeV]

OLEG BRANDT ‘ UNIVERSITAT HEIDELBERG | ZUKUNFT SEIT 1386

11



KIRCHHOFF-
Z'+MET: SUMMARY + RESULTS ﬁ\// FJ;;gjglg I

. . > b ' T
. Strategy: change the mass hypothesis in V+METg: gnﬁ vpr::mf.:aw =2
] ~q1Q5f 's=13Te 1o ot :selr?gle top
For m, =2 100 GeV only resolved regime B if mmattomdosy SR
Ti103 - ™ =0 Ce . Pret Sackground
q VA 102 O e
_ 1of . oot
First search ] |
10°
for Z’+DM! P hp v o
\ 10—3
q < Y s S = \\\\\\\\\\\\\\\\\\\\%
E 1-&0—0»«"2“;_ \‘\\\\\\\\\ X
ﬂ 0.45_! LI L I L L L L L L B L B B BN 8 0'5 L L ! L L 1 ! 4 _:
S " ATLAS Simulation Preliminary . 50 o0 miss 1500
2 0.4[— SR: resolved topology - s 040771 L S S B B B B pa Er [GeV]
5 [ no mass window 1 3 = ATLAS Preliminary :
© 035k —m,=90 GeV ] 0.35 /s=13TeV, 36.1fb"" — Observed 95% CL
o - . - . , ___. Expected 95% CL I O
*g 03 E 0.30 Mono-Z'(qq): Dark Higgs (+10 and +20) = 8
= ~E ] - Light Dark Sector 3 1
0.25 :_ —_ mZ.=300 GeV _: 0.25— = 2
o E 020 oAl S = N
2F . e A o NS . UI.
-0y e — V ] Y AN N
0150 m,=500 Ge E 0,15E >
0 1; é 0.10 = 8
S I . 0.05F ]
0.05|— = - 2
r - ' 7] 000 Co ] | [ R ] [ - T | <
e T e E 100 200 300 400 500 |:|
0 100 200 300 400 500 600
m; [GeV] mz [GeV] <
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KIRCHHOFF-
HIGGS+MET: RESULTS %\/{ SO PG I

TyishsDM = OntDM X BR(h — bb) X A X &

Provided - partonic Xsec limits

35

I I
ATLAS e Observed limit

Vs=13TeV, 36.1 fb’ BEEEE Expected limit =10

Strategy similar .

to V+MET
Require 1,2 b-tags
Full m,, fit

25 h(ob) + E™*

Limits on visible cross-section
O,
Ois h(bb)+DM &t 95% CL

After all selections,
inclusive in b-tag multiplicity

II|IIII|IIII|IIII|IIII|IIII|IIII

|

[150,200)  [200,350)  [350,500)  [500,%)
Range in ErT"'SS [GeV]

CL, upper limit on o ,,,ny [fb]

<t
S
% ;‘1000_‘I""l""l""l""l"'
™~ [0} r ATLAS —— Observed limit
.~ S. goof fs=13TeV,36.1 10" #EE Expected limit +16 -]
~— & £ h(bb) + ET, all limits at 95% CL ~ =.=:= (s=13TeV, 321" ]

L Z-2HDM .
=~ 800 tanp = 1,g, = 0.8, m, = 100 GeV =
N F my=m,. =300 Ge .
= 700 ; 3
8 - .
NS X 600 < =
o 500 3
= 400
.| 4 :

300 I A7 S R S ST S S S R R SRR 3 | T

g 500 1000 1500 2000 2500

m, [GeV]
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KIRC?:IHC)F_»F—
OUTLINE #2 %\/f FOR PHYSIK I

« Resonance searches:

- Dijet resonances + lepton (80 fb-") ', Generic signature:

o
a//%/)/

- HH resonances
- Hy resonances
- W’ = Iv resonances (80 fb")

B ST T
. More Exotics results: Mass_GeV

- https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

- https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

- https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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KIRCHHOFF-
DIJET RESONANCES + LEPTON %\/ﬁ stimut I

. Analysis strategy: Motivation: search for Dark Sector mediator
- Look for aresonance inm; ¢
- Trigger on lepton
 push to low dijet masses:

245 QWE X
g'\s.".‘. 1 q

even

: I
0.2TeV 1 TeV m:..

J
p
- Lowest unprescaled triggers:
. Isolated electrons: p; > 26 GeV
. Isolated muons: p; > 24 GeV

. [Jets: pr > i eV]

OLEG BRANDT ‘ UNIVERSITAT HEIDELBERG | ZUKUNFT SEIT 1386 15




KIRCHHOFF-
DIJET RESONANCES + LEPTON ﬂ\/f OB PASIE I

. Results with 80 fb-1:

Empirical fit function:
f(x) = P1(1 — x)szp3+p41nx+p5 In2 x

- ATLAS Preliminary —e— o,/m,=resol. Obs.95% CL

III|III||I[II|I|II|IIIIIIIII|IIII

4 —®— o,/my=5%. Obs. 95% CL

\s=13 TeV, 79.8 fb 6,/m, =10%. Obs. 95% CL
—6— 0,/my=15%. Obs. 95% CL
------- c,/m, = resol. Exp. 95% CL

Bl 1o

[ IIIIII|

1| IIIIII|

‘‘‘‘‘

| IlIIIII| 1 IIlIII|

Dijets+ /e

lIllllllll[llllllllllllllllllllll

[ 1 ) g
S 4.7 ATLAS Preliminary Q

3 10 3 1 e Data -

\s=13TeV, 79.8 fb o 1E

10° —— Background fit m -

10 . -

107

10* X =
<

g 80 fb-1! X 10—2__

10° © S

10 Di -

jjets + u/e 107}

Q B

8 107

2 S h ] =

S -5k . ¥ = G

P 2x107 3x107 1 2 3 4 56

1 2 3 4 S 6
my [TeV

_a\l L1l

ATLAS-CONF-2018-015
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HH - tzbb: MOTIVATION & STRATEGY ﬂ\/f FOR PIYSI

. Analysis strategy:

- Resolved: 1,4 + elplt, 4 + 2 jets Resolved:
- Merged: 27,4 + 1 large-R jet
- Look for excess in m_,,, distribution: e / " / Thod
N «
n 4 resolved
£ 1 merged
g Thad
)
Merged: ’
m_., > 750 GeV .
| ‘ N S\ g
_ 1 TeV M, ,
x (1, 2 b-tags) Thad

x ~merged/resolved
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HH O cobbiResurs B

. Main backgrounds:
- Top production

. Reconstruct m,, with kinematic fit (resolved)

Events / (100 GeV)

. BDTin €/t + Thad

- Z(tT)+jets (esp. merged)

Results:
X — HH — bbrr 35.9fb" (13 TeV)
e — =
gr';nlirsninam ¢ \laijt:ts g
2%, 1 b-tag, H mass region - ﬁ, t+X T
Fit unc. i
----- Pre-fit =
— m,=2000 GeV 7

Bulk Radion (Ag=1)]

1072

CMS Preliminary

35.9b" (13 TeV)

CMS

KIRCHHOFF-
INSTITUT
FUR PHYSIK

35.9fb" (13 TeV)

F resolved 2b 7,1,
C channel

CMS

06(gg—>S)xB(S—HH) = 1 pb

¢ Data
o [1 ]
Multijet
Drell-Yan
[ Other bkg.
[ SM Higgs boson

W Bkg. uncertainty
mg = 750 GeV

L L
300 400 500 600 700 800 900 1000

min™ [GeV]
35.9fb" (13 TeV)

g
2 . 10— T | E§1035
£ Assumes SM BRs 95% CL upper limits 3 S
[ ] 3 ~ - all channels, 1 and 2-btags combined Observed ] bb TTh * bb Teth + bb
18 Lo T Median expected . % Combined channels
1= 1 [ 68% expected - T >
1 X E [2] 95% expected 31 10 F 1 3
1T C Bulk Radion (A;=1) J @ ]
! L | ) - - f 1
g 4= It =581 p-value = 0.88 101 — |~ 95% CL upper limits ]
£ %1 xllx.xxllxléééééxl >‘<’ E g 2 10 —*— Observed = .l
> At teie o = ] © E eeeioeee i
o' —25_ 1 m L 13 E i gﬂ:flan ex;et:ed
5 _4F 3 B ] o % expecter
%, 1000 1500 2000 2500 3000 3500 4000 X ('2 B 95% expected .
o402 |— PN . -
mx (GeV) %10 E = 8 Radion Ag =3 TeV, kl = 35, no R/H mixing
(2 F = PR PRI I SR B BRI R
© - 1 '"300 400 500 600 700 800 900
1PLB778 2018 101 B PN R A N MPARN i S mg [GeV]
1000 1500 2000 2500 3000 3500 4000
[2] CMS-PAS-B2G-17-006 i (GeV)
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HHovervew B¢

CMS overview:

CMS Preliminary
T T

35.9 b (13 TeV)

T T T

|

bbivlv JHEP 1801 (2018) 054

bbtt Phys.Lett. B778 (2018) 101-127
bbtt CMS-PAS-B2G-17-006

—— bbbb CMS-PAS-HIG-17-009

N —— bbbb arXiv:1710.04960
YT bbyy CMS-PAS-HIG-17-008

10*

T IIIIIIII
11 lIIIlIl

-

<
T T IIIIIII
11 lIlllIl

— Observed
--- Expected

Spin-0

10%

95% CL limit on o(pp—>X—>HH) (fb)

T IIIIIIl
L1 IIllIll

—_
o

IIIIIII
IlIlIlI

30I00 40I00
m, (GeV)

1 1 1 1 1 1 1
300 400 500 600 2000

Axes aligned, but ATLAS includes BR(H->bb)

- ATLAS:
- CMS:

o(pp—Scalar—HH—bbbb) [fb]

1

—

(@)
1S

o
w

o
™o

10

KIRCHHOFF-
INSTITUT
FUR PHYSIK

ATLAS’ most sensitive result:

T T T T T I T

ATLAS
{s=13 TeV, 27.5-36.1 fb™

—— Observed 95% CL limit

Expected 95% CL limit

;-
|:|:20

1804.06174

| IIIIlIll | IIlIlIlI | lllIIllI

T IIIIIII
L1 lllllll

Scalar — HH — bbbb

1 | 1 —
2 3

m(Scalar) [TeV]

03 0.4 05

Non-resonant production (best limits only):
13 (21) in HH = 4b

[1804.06174]

19 (17) in HH > yybb [HIG-17-008]
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Hy = bby: MOTIVATION & STRATEGY ﬁ\/f NstrUT

. Analysis strategy: » 018
- Merged only: y + 1 large-R jet A et om, -
- 2 b-tags § ogf My =178V L exs =

A ’ :
- 93 <my/GeV < 134 200w
: - == Hy R
- Look for excess in m, distribution: 0.06 i e
0.04 Pl -
—oof Ty i N,
%20 a0 80 B0 100 120 140
1805 0 1 908 Jet mass [GeV]
Merged: b
my, >1TeV

. Search also for Vy resonance (not shown) -y combined mass
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KIRCHHOFF-
Hy = bby: MOTIVATION & STRATEGY \ (
MIC  FORPHYSIK
 Main background: ro
. . . om - ATLAS — Observed ]
. 3l ian _
-y + jets, parametric fit: 010 o st gt eden -
8 L Expected #2 6
- B(mJ'y; p) - (1 —_— x)pl xp2 +p3 log(x)' E 102k gg — X = Z(— qa)+Y, pin(X)=0—§
: s
X 10¢
o) E E
o’ — -
* ReSUIts: K —Z(— ll)+y Observed E
107" - Z(=> ll)+y Expected Median =
T N A ST T T T
0 1 2 3 4 5 6
% o ' ' e Data | '31035"'l"'l"'l"'l"'l"' m, [TeV]
o 10 = Background Fit + 1o E =, - . &
@ E St e m=1TeV (0B=1350) 1 m - ATLAS —Observed i
=~ v My=2 TeV (o B=20 fb) - o) i ) --- Expected Median
'g 10 — c 107 £ Vs=13TeV,36.1 fb [Expected +10 3
o S 3 _8 Fgg— X — Hy, Spin(X)=1 [ ]Expected +2 o 3
Wt E [ 1
1 j -
= ) 10 E
- PN '
4| ATLAS 0 o -
107E (5= 1aTeV, 36.1 fo" {11° 1
C g — X — Hy, Spin(X)=1 : g
o — i
e 2 10-1E
= B . C
.(,g; _2_ | | 1 | 1 n I I I , I I I I : I I I : I I I
] 15 5 55 3 112141618 2 22242628 3
My [TeV] My [TeV] 1805.01908
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KIRCHHOFF-
W = v RESONANCES ﬂ\/ﬁ e I

. Analysis strategy: q 1%
- Look for a a resonance in m,,
7 /
24, W
) R “,
> .« o ?
O .
d
8 q 4
.
bg e
, X MET
1 TeV My, mr ey D
- Backgrounds:

. W+jets (dominant), Z+jets, tt, ...

- Challenge: ]/
« 4 momentum at high p;

« Modelling of W+jets and Z+jets

- Normalise to NNLO in my, J _
- Correct for EW at NLO mr = N2prEf™(1 -cosge). ML = e, i
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KIRCHHOFF-

’ . :
W’ - fv RESONANCES: RESULTS WITH 80 FB-*
FUR PHYSIK
S 105 ATLAS Preliminary ~ —W'(3TeV)  « Data S 10°- ATLAS Preliminary ~ —W'(3TeV) ¢ Data
i \s=13Tev,79.8fo"7 —W @Tev) [IW i \s=13Tev,79.8f7 —W (4TeV) aw
108 & W’ — ev selection —W (5TeV) BL%?ti?(:tark 10° = W' — pv selection — Wi Te) E;?quuark
/ Oz / [ Diboson
10¢ W' — ev CIDiboson 10f W' — AV Emutiiet
10° 3
2 J 10
10 0
1 1
107" 107"
1.4 > 14
2 12 @ 12
£ o.8E £ o8
o 06 o 06
2213 213
S G {eeesesstsseageriytt Liatodl S B ety
g 8os g&os T
| L - O ! L MR | L L
a 1 L L = R ) 2000 3000 400 1000 2000 3000
2 ATLAS Preliminary . Transverse mass [GeV] Transverse mass [GeV]
z is=13TeVv, 79.8 fp  CxPectedlimit 7
D S = 79 1
=10 W = Iv Expected £ 16
% 95% CL Expected + 26 3
X
§1 02 — Observed limit
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SUMMARY + OUTLOOK ﬁ\/{ FOR PHYSIK

. Dark Matter searches:
- Diverse research programme, few examples:

« H - invisible searches:

- scratch BR < 20% benchmark!
« V*tMET, H+tMET:

- Generic limits on o x BR x (A x &)!
o Z+MET: first ever!

« New resonance searches:
- Dijet resonances + lepton = probe m;>200 GeV

- HH resonances: strong cut into model phase space

« Non-resonant exclusion limits O(10 x ag!
- Hy: first ever, Vy: first up to 6.8 TeV!
- W' = {v: probe up to my, <6 TeV

« First results including 2017 data shown (80 fb-! total)

. Will probe more extreme regions of phase space with
more data + further analysis improvements
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Spares
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Table 2: Event selection criteria in the mono-W/Z and mono-Z’ signal regions with merged and resolved event
topologies. The symbols “j” and “J” denote the reconstructed small-R and large-R jets, respectively. The
abbreviations HP and LP denote respectively the high- and low-purity signal regions with merged topology, as

defined by the cut on the large-R jet substructure variable D;” D,
| Merged topology I Resolved topology
General requirements
E}]’{liss > 250 GeV > 150 GeV
Jets, leptons >1J,0¢ >2j, 0¢
b-jets no b-tagged track jets outside of J < 2 b-tagged small-R jets
AG(ET™, J or jj) > 120°
Multijet minje (1,23} [AGCEMS, ji)| > 20°
suppression P > 30 GeV or 22 b-jets
AP(ET™, pI™™) < 90°
Signal p’[' > 45 GeV
properties > pé. > 120 (150) GeV for 2 (= 3) jets
Mono-W /Z signal regions
0b'0b‘1b’1b 2b o | 1 2
HP LP | HP LP
AR;j - - - - - <14 <14 <1.25
D;ﬂ =1 pi-dep. pass | fail | pass | fail - . A - ' -
Mass requirement my my mj; mj;
(GeV) W/Z tagger requirement | [75, 100] [65, 105] [65, 100]
Mono-Z’ signal regions
06 0b 15 16 | 2b 0b 1b 2b
HP LP | HP  LP
Dgg <12 pass | fail | pass | fail - - - -
For mz < 100 GeV: For mz < 200 GeV:
l0.85mZ', [0.75”!2', [0.85’"2', [0.75”!2',
Mass requirement | mz + 10] mz + 10] mz + 10] mz + 10]
(GeV)
For mz: > 100 GeV: For mz > 200 GeV:
no merged-topology [0.85mz, [0.80mz,
selection applied myz + 20] mz + 20]
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. Backgrounds (from MC):
- Resonant in m,:
« SM Z(vv)V(qq)
- Non-resonant (dominant):
« Z(vv)tjets, WHijets, tt
« Rest: single top, multijets (from data)
. Overview of signal regions (SR) and control regions (CR):

0 lepton SR 1 lepton CR 2 lepton CR

Signal +
constrain Z(vv)+jets
in m,, sideband

Constrain Z(vv)+jets
using Z(€#f)+jets
in m,, window+sideband

Constrain W+jets and tt
in m,, window+sideband

. Kinematic similarity between SR and CRs: N
. V = =
« SR (O leptons):  p;Y=MET V=2Z>w . b.V> 150 GeV
« TuCR: prY = pr(t,MET) V=W->puv
« 2¢CR (ee or uu): ptY = p(€f) V=220 ~

- Most selections identical in SR, 1uCR, 2¢-CR
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Generic limits on parton level: W [Z[h + EI

> T T T T
4= " Data
810 E™ ATLAS Preliminary Ez.,au
6C_ - ' Wijets
SIO) et sein' SR
E10° - S: resolved topology E 5"‘;’1“
ultije
o g Olplons, 00inge " Background Uncertainty
Lu10‘ r ++. Pre-fit Background
10° —Hoinv (B, | =100%)

— Vector Mediator Model
m; = 600 GeV, m = 1 GeV

ol o vood vovd vl voued vovd svned v v

wulig [ T Liyuiiae [ Liyir

A"
200 400 600 800 1000 1200 1400
ET* [GeV]

( Parton /Particle level ](——)( Detector level )
Axe

A x € is probability to

reconstruct in the same EXS bin as generated + pass selection (cannot
factorize to A and ¢):

A Nevt in same (E7"%)iruen and (EF7%%)reco bin after reco+-selection
X E = .
3 Imiss 3
Nevt in (EF"%)trutn bin
y
Interpretation of searches for Dark Matter ATLAS Ezotics, 01.06.2018 8/ 15
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E%‘jss range | Upper limit at 95% CL [fb] Efr“iss range | Upper limit at 95% CL [fb]

[GeV] | 0% o8P -lo +lo | Axe  [GeV] | 0% o -lo +lo | AXe
W+DM, W — ¢q'q Z+DM, Z — qq

[150,200) | 750 650 470 910 | 20% [150,200) | 313 225 162 314 | 20%
[200,250) | 185 163 117 226 | 20% [200, 250) 69 60 43 83 20%
[250, 300) 43 50 36 69 30% [250, 300) 39 29 21 40 30%
[300, 400) 41 36 26 50 45% [300,400) | 31.1 185 13.3 25.7 | 45%
[400,600) | 9.7 126 9.1 17.6 | 55% [400,600) | 9.2 9.1 6.5 126 | 50%
[600, 1500) | 5.1 3.1 2.2 4.3 55% [600, 1500) | 3.0 2.6 1.9 3.6 55%
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. Overview of signal regions (SR) and control regions (CR):

0 lepton SR

Signal +
constrain Z(vv)+jets
in m,, sideband

1 lepton CR

Constrain W+jets and tt
in m,, window+sideband

2 lepton CR

Constrain Z(vv)+jets
using Z(#¥€)+jets
in m,, window+sideband

- Most selections identical in SR 1uCR, 2¢-CR

> T T T AN AL A > 6 o Dok
$105 - ATLAS Preliminary ~ =yz4jets 10" ATLAS Preliminary  Szsjets
-1 - W+jels
; 4 Vs=13TeV,36.11b %nw:seutr?gletopquark ;105 Vs=13TeV, 36.1 fo” %tnlsingletopquark
= 10 SR: merged topology Il\)ﬂlblct)sotn = 10 4 SR: resolved topology E] ’I\)nlglzs;n
9 1 03 0 leptons, 0 b-tags, HP ‘E\] B:clljground Uncertainty g 0 leptons, 2 b-tags N\ Back?round Uncertainty
L --« Pre-fit Background u_|103 Pre-fit Background
—H->inv(B _'inv=100%) 2 —H->inv(B 7)m_100%)
1 02 — Vector Mec;iator Model 10 — Vector Mediator Model g
10 m = 600 GeV, m, = 1 GeV 10 m = 600 GeV, m, =1 GeV Qn
1 - 1 oo
~
107" 1o N
10°2 ; N
102 e 1073 %
E I|II|IIII|IIII|||II|||\Ill||I||||III||I|IIIIII|IV|I|IA E lllllllll[llllll]IIIIIIIIIIIIIIIIIIIIIIIIII]II[II[I|Ill[[ll|||||[l O
o5 E BRI . t E (.J
L it SN *}.\.\.\.t:\.\.\.\fs.\.\.\.ﬁ.*j 8 1*—‘-”* \\\\\\\\\\\\\\\\\\\\\\\\\\\\\i\\\\\\\Qi g‘:)
A 05k 4 A 05F =
1'Vll‘llllllllllllllllllllll lllllllllll lIIIlllIlllllll lllllll 111111111[11 lllllllJl 1111 1[11:LL[11JJIILLLIJJJIIL[I[IJIIlLLIlJJJ“ q
400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 ~
m
ET [GeV] E™° [GeV] <
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1 Z' q A
X2
Z/ Xl Z/ \\}\L<D< X
q X1 q X

(© (d)

Figure 1: Examples of dark matter particle (y) pair-production in association with (a) a W or Z boson in a simplified
model with a vector mediator Z’ between the dark sector and the SM [19] and (b) via decay of the SM-like Higgs
boson produced in association with the vector boson [9-13] or in association with a final-state Z” boson via (c) an
additional heavy dark-sector fermion (y2) [15] or (d) via a dark-sector Higgs boson (hp) [15].

Table 1: Particle mass settings in the simulated mono-Z’ samples for a given mediator mass mz:.

Scenario Dark-fermion model Dark-Higgs model
m,, =35 GeV m, =35 GeV
Light dark sector ~ m,, =m,, + mz +25GeV  ,,, - mz , mz < 125 GeV
P 1125GeV , mz > 125GeV
my, =mgz /2 m, =35 GeV
Heavy dark sector m,, = 2mz my = 125GeV |, mz < 125 GeV
o\ mz , mz > 125 GeV
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HIGGS(bb) + MET % =8
. Analysis strategy similar to V+MET: ‘

Resolved:

- Require E;™s MET < 500 GeV ,
- Look for excess in m,, distribution: /
4 ) |
.\ <=
S | % . MET
p X  combined mass
S > Boosted:
| ~. MET > 500 GeV
\
_ 125 GeV My, y b

x (1, 2 b-tags) oo
x 4 E;Mss bins

PRL 119 (2017) 181804
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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: RESULTS

L B B B B
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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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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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VBF HIGGS = INVISIBLE ﬂ\/{ FOR PHYSIK I

« Constrain Z(vv)+jets, W+jets in signal region (SR) using control regions (CR):

0 lepton SR 1 lepton CR 2 lepton CR

Signal + constrain
Z(vv)+tjets etc. at low mijj

Constrain Z(vv)+jets

Constrain W+jets using Z(£€)+jets
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35.9 b (13 TeV)

CMS Preliminary
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| % 35.9f" (13 TeV)
3 F‘ 10 T LA B B B B | Y LA B LB R T ™17 717
.S. 107 &= CMS Preliminary 90% CL Limits
g 10 B(H~ inv) < 0.20
§ = == Fermion DM
53 1° ## Scalar DM
107
» Direct Detection
" — LUX
= CDMSLite

we XENON-1T
CRESST-lI
w— PandaX-l|

95% CL upper limit on o x BR(H— inv.)/o
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Table 2: Systematic uncertainties in the expected number of events as estimated for the total background and for
signal with a W, , mass of 2 (4) TeV. The uncertainty is estimated with the binning shown in Figure 1 at mt = 2
(4) TeV for the background and in a three-bin window around mt = 2 (4) TeV for the signal. Uncertainties that are
not applicable are denoted “N/A”, and “negl.” means that the uncertainty is not included in the statistical analysis.
Sources of uncertainties not included in the table are neglected in the statistical analysis.

Source Electron channel Muon channel
Background Signal Background Signal

Trigger negl. (negl.) negl. (negl.) 1% (1%) 2% (2%)

Lepton reconstruction negl. (negl.) negl. (negl.) 7% (21%) 5% (29%)

and identification
Lepton momentum

scale and resolution 4% (3%) 4% (3%) 3% (12%) 7% (10%)
Multijet background 7% (113%) N/A (N/A) 1% (1%) N/A (N/A)
Top extrapolation 2% (5%) N/A (N/A) 3% (3%) N/A (N/A)
Top normalization < 0.5% (< 0.5%) N/A (N/A) < 0.5% (< 0.5%) N/A (N/A)
Diboson extrapolation 2% (9%) N/A (N/A) 3% (10%) N/A (N/A)
PDF choice for DY 1% (14%) N/A (N/A) < 0.5% (< 0.5%) N/A (N/A)
PDF variation for DY 8% (12%) N/A (N/A) 7% (11%) N/A (N/A)
EW corrections for DY 4% (5%) N/A (N/A) 4% (6%) N/A (N/A)
Luminosity \ 2% (1%) 2% (2%) | 2% (2%) 2% (2%)
Total | 13% (115%) 4% (4%) | 12% (29%) 9% (31%)
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. Dark Matter searches:

: o X
- Higgs - invisible 9 \\
« Overview W/Z/H
. VBF channel A/
« Combo : .
- V+MET, Z+MET, H+tMET

Generic signature: S
W/Z =
/ /’7/9 W/Z/ =
S
q X S
&
o
<
MET £
_ ! 2
q X S
transverse ;
: detector plane S
« More Exotics results: P iz
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults S
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO E
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G S
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