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DM production at the LHC
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2011-20/

multi-jet background

Eur. Phys. ]. C (2015) 75:299

® Multi-jet events are the most abundant processes at the LHC.
® Mis-balanced multi-jet events, where a jet is mis-reconstructed, may lead to MET in
the direction of the jet.
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http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3

beam-induced backgrounds
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http://iopscience.iop.org/1748-0221/8/07/P07004/

beam-induced backgrounds

® Beam-induced muons lead to fake jets balanced by MET.
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http://iopscience.iop.org/1748-0221/8/07/P07004/

Non-collision backgrounds
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® Non-collision backgrounds are suppressed by jet quality requirements to sub-percent
level in the mono-jet analysis.

® beam-induced backgrounds (with typical azimuthal signature)

® cosmic muons

ATLAS-CONF-2015-029
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EXOT-2015-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-029/

Eur. Phys. ). C (2015) 75:299

Event selection and backgrounds

Selection criteria

Preselection

Primary vertex

Emiss > 150 GeV

Jet quality requirements

At least one jet with pt > 30 GeV and |n| < 4.5
Lepton and isolated track vetoes

Monojet-like selection

The leading jet with pr > 120 GeV and |n| < 2.0
Leading jet pr/Ef"™ > 0.5
A¢p(jet, p£%%) > 1.0

Signal region SR1 SR2 SR3 SR4 SR5
Minimum EF'®® [GeV] 150 200 250 300 350

SR6 SR7 SR8 SR9
400 500 600 700

Background process Method

Control sample

Z(— vv)+jets
W (— ev)+jets
W (— Tv)+jets
W (— pv)+jets

MC and control samples in data
MC and control samples in data
MC and control samples in data
MC and control samples in data

Zjr (= £ 0), W(— o) (£ = e,1)
W (— ev) (loose)
W (— ev) (loose)
W(— pv)

Z/y*(—= T4 )+jets (L =e,u,T) MC-only
tt, single top MC-only
Diboson MC-only
Multijets data-driven

Non-collision data-driven
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http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3

Eur. Phys. ). C (2015) 75:299

V+jets background
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http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3

results

Eur.

Phys. ). C (2015) 75:299
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http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3

Eur. Phys. ). C (2015) 75:299

limits on OXAXE

Upper limits on o X A X € [fb]

Signal Region 90% CL Observed (Expected) 95% CL Observed (Expected)
SR1 599 (788) 726 (935)

SR2 158 (229) 194 (271)

SR3 74 (89) 90 (106)

SR4 38 (43) 45 (51)

SR5 17 (24) 21 (29)

SR6 10 (14) 12 (17)

SR7 6.0 (6.0) 7.2 (7.2)

SRS 3.2 (3.0) 3.8 (3.6)

SRY 2.9 (1.5) 3.4 (1.8)

30/11/2015 David Salek: Dark Matter (and Dark Mediators) at the LHC |


http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3

Eur. Phys. ). C (2015) 75:299

Dark Matter EFT operators

® Contact interactions (dimension-6 operator) form a simple framework for the

description of the collider and astro-particle experimental results and were widely
used in Run-1 by both ATLAS and CMS.

Annihilation
® EFT has two parameters (mDM and suppression scale A) X f
c
-
Q
=
Sl & -
wn
X f
Name | Initial state Type Operator \" <
Production
C1 qq scalar ]\’n;% xTxdq
* — FT] T T
1 ; 5 E 1600—_ATLAS s==n expected limit (+10+20) ]
a ~ (s=8TeV, 20.3fb" - L ’
“ 9 ealer X xes(Gi) < 14005057, Ik
- ET*°>500GeV . ]
o (4] - T — - truncated, coupling=1 —
D1 qq scalar ]\TZ% xXX49 TCSS 1200 - truncated, max coupling
(dp) B ]
_ _ - 1000 -
- p
D5 qq vector 172 XV XAV S = :
- @ 8001 -
D8 qq axial-vector #Xfy“fyf’ X@ Y’ q Q 6002— E
* 0 2 IMYYPpPF—"—"—7—"—— " —— — — 1
o n .
D9 qq tensor ]\/}2 XY xqouvq 400—
L o )2 2001 E
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10 107 10°
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http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3
http://arxiv.org/abs/1008.1783

Contact interactions

1307.2253

/9 /9
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2500 I I T 11 I T T
. , =0 |
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® However, at the LHC energies, the limits & | —prr=500Gev ]
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500 - |
10 102 103
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http://arxiv.org/abs/arXiv:1307.2253

1307.2253

EFT validity o
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http://arxiv.org/abs/arXiv:1307.2253
http://arxiv.org/abs/1308.6799

EFT validity

ATL-PHYS-PUB-2014-007

® Minimum requirement for EFT being a

valid approximation of UV-complete q g X
models is Qu < Mmed = v/9q 9x M*. ,

® Not all events generated in EFT are valid :
at the LHC energies. — Q

® As a consequence, the M* limits decrease. q 2 X 4

® For D5, the EFT approach is fully valid ijiffgned ~ —gj?iz (1 + m?ned +0 (m%ed»

forv/9¢9x = T1

S | L A ] S 0.9F | ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-007/

Eur. Phys. ). C (2015) 75:299

DM interpretation

- ATLAS s expected limit (+10+20)
- (s= 1
60 =8TeV, 20.3 = observed limit
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http://link.springer.com/article/10.1140/epjc/s10052-015-3517-3

PRL 112,041802 (2014)

mono-W/Z(qq)

8TeV 20.3 fb"!

Event selection Uncertainties

® Jarge R=1.2 Cambridge-Aachen jet limited CR statistics

pT > 250 GeV, || < 1.2,

®

® MC theory uncertainties
50 < m < 120 GeV, \/y > 0.4 .

®

C-A jet energy scale/resolution

® at most one extra light jet total uncertainty 7_13%

pT > 40 GeV, || < 4.5

45 L

away from the fat jet (dR > 0.9) E 40E_ATLAS 203" \s=8TeV +gata | E

and MET (dp > 0.4) S SREP™> 500 Gev WG et

£ " F — D5(u=d op -

® lepton and photon veto 5 30 . Dg&_(;)xfg , B Diboson =

(PT > | 0 GeV) i 25; ////, uncertainty —f

® SR defined by 205— / -

/ .

MET > 350, 500 GeV 5 / %‘27 Wil E

Dominant backgrounds 10f— // %/ /

® /Zvvtjets, W/Z from CR 5;__"

(inverted muon veto) Y 60 70 120

M e, [GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2012-27/

PRL 112,041802 (2014)

mono-W/Z(qq)

® Sensitive to the sign of the DM couplings to up and down quarks.

® (C(u)=C(d) destructive interference

® (C(u) =-C(d) constructive interference

® Order of magnitude improvement on the WIMP-nucleon cross section limits.
o M*>~2TeV for D5 constructive mode.

Lmmn _I T T T TTTTT T T ||||||| T T ||||||| __I T T T TTTTI] T T ||||||| T T TTTTTT ]
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8103 1 — l’ | . I‘ \‘l—,'/’
¢ T \ \

0 ‘ . X

» = . v - - - -
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104 _ -+ — SIMPLE 2011 u Y X . u ’ X
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| — XENON100 207 4 . Nd '
46— CDMS low-energy ol _P|CASS|O 2012 IceCube bb a T d % Y T’;;W\/ W
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1 10 107 10°1 10 10? 10° d X W d | X

m, [GeV] m, [GeV]

® However, other than C(u) = C(d) violates the gauge invariance.
1503.07874
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2012-27/
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1507.00966

spin-| mediator in s-channel

q 8 x(mpm)
= 10°F | \ \
ﬁ = L0 -
89 DM = a B TTTTTTCLLCLCEEEEEEL R
V/A<Mmed> EL‘E ................................... E
Mﬂﬂﬁ,ﬂmw’""t
—mpy = 10 GeV |
q X (mpm) Zﬂﬁﬁifgfézv 7
mDM:SOO GeV |
ceu ff
® Dirac Dark Matter o -
® universal quark coupling ool ]
® U(l) gauge symmetry o0
® minimal mediator width Myep [GeV]
Lyector = 8q Z, 677”(1 + ng/ X’)’VX gszed 2
q:u,dg,c,b,t g : Iﬂgln X127_L, 1+ > Xd ,BDMQ(Mmed me)
me
Loxial—vector = 8q Y Zudv"v’q + §xZ,xv" v x. 362 Mo 2
q=u,d,S,C,b,t g # + Z ?27‘[ (1 + 5 1 ) quH(Mmed qu)/
q med
rA _ SMmed B3 0(Mieq — 211y)
min 1277 DM med X
3gzj\/lmed
1 + Z (]127'( 529<Mmed 2mq)
® 4 free parameters { g4 $x, My, Mmed, ) 7
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Minimal Simplified Dark Matter models

M M 1o° E-m”lec or: 909 | |m|s 1000_' | II """" x'ial v'e;: ;>rl' ' '%' I 'ir'ni'sl i
® S| cross-section is enhanced by  Veotor: 90% OL it ' !‘| Aol vector O - T |
o — LUX 2013 r — LUX 2013
A2 for a vector mediator. P soof |  geoout
103; — — 94=0.3, gpm=1 ‘.\ — — 94=0.3, gpm=1
® Cross section for DD scalesby 3 | =™ O T —— gy=gou=05
y S 4 E —7) S
8q°8DM /Mmed E102E . . —. _-7 | € 400}
. | |
! 200}
10" ! '
T . I 0
10’ 102 103 10* 10°
Mmed [GeV] Mmed [GeV]
® DD limits are fully symmetric in 1.00} | ‘\‘k,/ ar \ ol vector \\.
. L . _- L] O
this plane. 050! v |
® Mono-jet search is able to break 0.20 Vector 90% OL it 10/
this degeneracy, since the S0t X v Mto00 GV | B
. . . . — — Mpy=200 GeV, M,,.q=500 GeV
mediator width is not symmetric | =200 GOV, a0 GV | |
. N o LHC8 19.5 fb™"
in gq and gom \ X203 e 1000 G
0.02¢ [ — — Mpy=200 GeV, Myeg=500 GeV
Tmed o 1892 + g3y S RN N Lo a0 GV, Mmoo Gy
0.01 0.02 0.05 0.10 0.20 0.50 1.00 0.0 0.5 1.0 1.5
9q 9dq
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EFT limitations

1000.' \ "

Axial vector: g;=gpm=1 | ! U ]
\" 90% CL limits ] - =
I . ] \d / . .
800} \ LHCS: MSDM 104} -~ Vector: 90% CL limits
I |\ — — LHC8 EFT ] g _° - ~200 Gov |
' — == LUX 2013 ] - . 9q9=9bpM> Mpm= eV |
— . '\ | = r/ LHC8: MSDM |
@ I ' RO B -/ — — LHC8: EFT
8 °% | A @ —-— LUX 2013
E Vo N 3
a \ . 2
S S

® EFT overstates the limit at low
Mmed or large mpm as the
suppressed off-shell mediator
production is not taken into

account.
" 9q=0oM» Mimea=500 GeV |
[ LHC8: MSDM :
500f — — LHC8:EFT [/ /
F—-— LUX2018 /
® The underlying coupling =
O] =
M — a
Structure IS nOt I"eSO|VeC| by EF-I-. = S 0.10} Vector: 90% CL limits
S mpm=200 GeV, My.q=500 GeV
0.05f —— LHC8: MSDM
N — — LHCS: EFT
N —-— LUX 2013
0.02F '\
[ ] N
0 : 0.01 : s : : : :
00 02 04 06 08 1.0 12 1.4 0.01 0.02 0.05 0.10 0.20 0.50 1.00
9q,9DM 9q
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spin-0 mediator in s-channel

q q ' yjzfgamgb,a 4771]2[ x/2 82 m(P . 4m2 x/2
Tpa =L N0 (1o L) 82 (g o
f T Mg 4 T m,
o 321302 /P,
g ’ ' = 10 | | |
Q) T Scalar Mediator, g\ = 1.0, g = 1.0 ]
— 10°E T ]
| o) = e E
® Dirac Dark Matter =M
102"

® Minimal Flavour Violation

10 — Moy = 30 GeV
® mediator is pure singlet = not invariant under SU(2)L | ey
— one could add mixing with H sector | o
(but this is beyond the scope of the DM Forum) (|
® minimal mediator width aEN ‘ ‘
10— 500 1000 1500 2000
5 Myep [GeV]
Lo = Sxpxx+ \ﬁ; (uvl s + gayididi + gy Titi)
. _ ia ~ _
Lo = igxaXysx + \ﬁ Z <8u%”ui’r5ui + 8dy?di’)’5di‘|‘
® 4 free parameters i
07 el
{m)c/ Me/a = Mmed, 8x gq} gwi&’wa) '

10/11/2015 David Salek: Dark Matter (and Dark Mediators) at the LHC 22


http://arxiv.org/abs/1507.00966

1507.00966

scan over couplings

vector

® The shapes of kinematic distributions do not

> F 3
- : : é 10F Moy =10GeV Jsu Sou
depend on the mediator width (couplings), only g e, Mheq = 1000 GeV 2
. > e \s=13Tev 1 —+— 1.00 1.00
the cross section changes. 8ot . PR
A = = Jrdt=11o ] e 145 145
® The PDF suppression at low Bjorken x has an Z10'E T . 4 e 025 100

impact only for heavy narrow mediators that are =+ 050 050
beyond the sensitivity of early Run-2 data. ' —— ——3 7 010 0.10

® We introduce one heavy mediator mass point to S50 ——T50—Tah0
allow for reinterpretation as EFT EF'** [GeV]
— care has to be taken to make sure the DM-

= . .
L] L] L] L] L] _1 t
pair invariant masses are similar. & 10 E veclor | Gev Q % o
[%2] - m
No] E LA I L L L O L L L L B B B 3 -'GC_)' 10_2 mmed = 5000 Gev E_
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L ThEgTe : 10° e, | 4 —— 1.00 1.00
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scan over DM

1507.00966

IMass

® on-shell (2mDM << mMed):

® Kinematic distributions do not strongly
depend on the DM mass.

® threshold (2mDM ~ mMed):

® The production is resonantly enhanced and
both cross section and kinematic shapes

change rapidly. = finer granularity needed

e off-shell 2mDM >> mDM):

® MET spectrum hardens with increasing DM
mass and the cross section is suppressed.

E 10*E vector Meq = 1000 GeV Mo
5 10° Oom = 1-8‘()) [GeV]
b= g, =1
) 102 DM
3 0 Vs=13TeV — 4+ 10
o _ -1
B ey JLdt=11o e 39
u ——
2 10" e, —=— 100
z
Sy ———— 300
10° VT,
2 ey — ¥ 1000
15:_ vV 5
0.5+ .
400 600 800 1000 1200
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=10 .
o 10° oM
= [GeV]
2 102
210 —— 10
L1026
g 1o =al— —e— 30
51 al
> 10" A —=— 100
= 10
©10° ———— 300
10°F
- * 1000
1.5}
)
0.5

400 600 800 1000 1200
ET® [GeV]
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scan over mediator mass

1507.00966

® At fixed DM mass, the mediator mass has
a significant impact on kinematics and cross
section for the on-shell DM production region.

® Shapes of kinematic distributions do not change
in the off-shell regime.

dN / dET"® [Events/GeV]
S

10*

—
(@)
N

—_
o

OO — k.
OO~ —

dN / dET™* [Events/GeV]

E vector mpy = 10 GeV
dg,, = 1.00
g o = 1.00 E
E V\s=13TeV -
e Ldt=1fb"
E+ E
= -+ =
L —— u
E ' E
Fo- —— =
e S ]
-i _‘_ . —— =
A 7
E._ ]
400 600 800 1000 1200
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. vector Moy = 000 GeV
gS =1 00
i Iy, = 1-00
o- Is=13TeV |
4o [Lat=11bo"
L O
N
+_o—
——

7000 1200
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spin structure

1507.00966

® No significant differences are observed % 10 M= 300 GeV Mo
. > Jgp = I = 1-00 3 GeV
betweenV and A mediators and S and P 2 = oy ] et
: 0 s Ldt=1fo" 3 5 10
mediators. e ) J 1 e b 10
. L -A—8—k - E —a— S 30
® Differences appear close to the A 1 e
— © :A— i __::g:: 3
2mDM=mMed threshold. o5k A . o] —+— S 100
A== ----a---—- P 100
400 600 800 1000 1 éOO
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S T 100Gey > | ov= 100 GeV
S 107 ;ﬁﬁ G Gy = 100 3 Goy S E_E’!ie Moo= 10901%)%\’_‘
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uoe o e 7 " Vo T e I
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. V100 107E E
] A A 100 1.2F | ' L - o
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proposed mass grids

® We choose gSM=0.25 and gDM=1 forV and A in order to suppress interplay between
mono-jet and di-jet constraints. = Such coupling choice leads to [/M < 0.06
(contrary to [/M ~ 0.5 for gSM=gDM=1)

® For S and P, di-jet signatures come from 2-loop diagrams, therefore we stay with
gSM=gDM=1. = Such coupling choice leads to /M < 0.1

® Choice of the highest mediator mass is motivated by the sensitivity of the early Run-2
data.

® |0 TeV mediator is added to resemble EFT.

® The grid is optimised based on the dependencies studied in the scans over the
couplings presented in the DM Forum writeup (and on previous slides).

vector and axial-vector scalar and pseudo-scalar

my / GeV Mpeq/ GeV my (GeV) Mpeq (GeV)

1 10 20 50 100 200 300 500 1000 2000 10000 1 10 20 50 100 200 300 500 1000 10000
10 10 15 50 100 10000 10 10 15 50 100 10000
50 10 50 95 200 300 10000 50 10 50 95 200 300 10000
150 10 200 295 500 1000 10000 150 10 200 295 500 1000 10000
500 10 500 995 2000 10000 500 10 500 995 10000
1000 10 1000 1995 10000 1000 10 1000 10000
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cross-section scaling

scalar, m_. . =10GeV, m__ =1000 GeV
DM me

e Kinematic distributions do not change for = .
different couplings (mediator widths). E
B |n principle, only the sample cross sections
need to be rescaled. 107
® |n the narrow width approximation:
/ ds o
(S o ]\/Irzned)2 + ]\/Irznedr2 N Mmeql
B which suggests cross section scaling e
(ignoring the PDF effects): o
o 848bm - Soalar Mou~ 17 GOV Mgy = 1000 GV ‘mm'5 o
I . 2 6;_ g/2g/2 _; 1.4 %
® This scaling works well along the lines of gF oo e o' =ox=35% M3 o
constant width. : fafx |12 o
41— . 1.1 ~
N =
® We can present results in the gSM-gDM plane : oo T
. . . . of- —B 038
using only the following points: ) .
e ¢=0.1,0.25,0.5,0.75 1, 1.25, 1.5 for VIA 3 1 os
_ AT a5 e 08
e ¢=0.1,1,23forS/P ]
SM
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LO and NLO

® |Including NLO corrections results in a small enhancement of the cross-section
compared to LO.

® dynamic scale Hr= \/m%x +p%,j1 + P15, p=E&Hr/2 = ur = pr

® |t also leads to substantial reduction in the dependence on the choice of the
renormalisation and factorisation scales.

0.7 l
CMS

. =[1/2,2
_o(pp = 5+ Brmis)ino

olpp = 7+ ET,miss)izOl

R
I.1¢f T K

10 20 50 100 200 500
m, [GeV]
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higher jet multiplicities

1505.07826

300 Erpacted s Tev e oL imt
r === Monojet: gsm=9pm=3
250+ —— Mr2: gsm=gpm=1
| == Mr2: gsm=gpm=3 _ -2
> 200t _ - \
S [ -~ 7 \
— 150~ — — — Py ' \
= .
0 . ~ \ \
€ 100 v - \
L '/ I. \
50— -~ | \
ol L |
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® Multi-jet searches, such as MT2 search, may have stronger sensitivity to pseudo-scalar

M, [GeV]

dom

0.1}

0.01
0

|||||||||||||||||

‘. Expected 8 TeV 90% CL limit ]

\ Monojet & Mro: mpy=45 GeV |
v =-= Monojet: Ma=150 GeV |

Ly — Mzo: Ma=150 GeV
| — — Myo: My=250 GeV

-
— o —
e .

|: - === Monojet: Ma=250 GeV |

. _ ) m _
Lint = igpmAXYX +igsm ¥ —2AGYq
()

mediators than mono-jet.

hep-ph/9906349
1502.04358

M2, = min
1 P1Hp2=pT

[max {m?r (P1I-,P1), m% (pri+, P2) }}
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Searching for new mediators

1503.05916

s
<
<

X
R*
9x 9q R*

X qg g q

DM annihilation

spin-dependent or spin-independent DM-nucleon scattering
mono-jet production at the LHC

di-jet production at the LHC

gx/ 8 =4

gx/ 8 =4
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Complementarity

® The region where DM is under-produced
is allowed (other DM candidates from
the dark sector can contribute).

104 p————+rrm .
g; =1, g‘;\ =1
® |ocal density p scales with the relic g 06@0
. . . 8 \\ '
abundance, which scales with the inverse 2 QO\@*‘Q |
of o . . = = s
of the annihilation cross section. s X O
O, 10°F — " .
1 x s ]
QD p X — X —4 = [ > > ]
i (ov) 7/ A PYxig, ™ S &
. ~ Loy & &
F
e Collider searches for missing energy: Rate oc o o< g? . Q€
T T
e Direct detection: Rate o< (o x p) o ¢V . m, [GeV]

e Indirect detection: Rate ox (o x p?) oc g7 .
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(associated) di-jet analysis

® For large couplings, the usual searches for narrow resonances no longer apply.

® The multi-jet background limits the LHC searches for mediators below | TeV.
® associated di-jet production

® trigger-level analysis

05
04
03
N i
Q0
0.2 Zv+'3et
\ Combined ] 0.1 7 S
0.1+ : : v
Do 0y ] 007 ! | ‘ R R \
100 200 300 400 500 600 700 800 100 200 500 1000 2000
M, (GeV) Mz (GeV)
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mono-jet and di-jet @ 8 TeV

1503.05916
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1503.05916
1503.0293 |

fUtU I'e P oS PeCtS 1502.00855

104_ ' L LI | ' L LI | L LUy S UULELS 104_ ' L | ' L | ' UL SURLL U
- 1/2 E - 1/2 1
[ s7“=14TeV ] [ s'“=14TeV |
[ A A _ ] [ _ _ ]
[ gx =1 9gg=1/4 £=100fb" ] - gy =1, g =14 £ =300 b
' Ay 4upp s - L ey TR _-1
wubL L LT LR T LEIETELEEE L Lt Dijets | I
| Monojets
53 S
() e ————— () e ————y
O 10%F o7 5 9. 10%F 7 5
P x :_ ______________ -
s = S bS -
r O N [
ﬁ & N -
& S
L < S
& st &
L&Y S
Q QQ’
102 ool o R | 2 L1 o2aay 102 o nonnnnnnll R | 2 MR
10t 10? 10° 10* 10! 102 103 10*
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® | HC will probe mediator masses up to 4 TeV and DM masses up to | TeV.

® Searches for dijet resonances in association with SM gauge bosons will
significantly gain in sensitivity.

e XENONIT and LZ will improve the sensitivity of the direct detection.
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1508.07869

VBF H—invisible

© 0.035 VBF Signal (m =125 GeV) - o E f
B 0.03 : — Ty E b [ — VBF Signal (m =125 GeV) |
N ’ e W IV 2l N 10-1 L[ . TSV -
© i © E =
£ 0.025} - £ : Wos Iy 3
o . o E |
< 0.02 =i < 102k i
0.015 ATLAS E ATLAS E
203", 8 TeV 3 s 203", 8 TeV -

0.01 - - -

: : 10°E :

0.005 - i :

. . 10.4 aamnlioa ol oo il o e o e HJJ_l['ln
% 10 0 05 1 15 2 25 3 35 4 45 5

A']“ m; [TeV]
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VBF H—invisible

8TeV 20.3 fb"!

Requirement SR1 SR2a SR2b e,
Leading Jet pr >75 GeV >120 GeV >120 GeV = |
Leading Jet Charge Fraction N/A >10% >10% <] > 4.8
Second Jet pt >50 GeV >35 GeV >35 GeV
mj; >1 TeV 0.5<mjj<1TeV > 1TeV
1 X102 <0
A7 >4.8 >3 3<|An;l <48
Al <2.5 N/A
Third Jet Veto pt Threshold 30 GeV 3.0 —4.8
|A¢ j,ErTnissl >1.6 for j;, >1 otherwise >0.5
s >150 GeV >200 GeV
500 — 1000 > 1000
m 77 [G (‘\f"']
Signal region SR1 SR2a SR2b
Process
ggF signal 20+ 15 58+ 22 19+ 8 o
VBF signal 286+57 | 182+ 19 | 10515 iny _ BF(H — 1nvisible) T
Z(— vv)+jets 339+37 | 1580+ 90 | 335+23 H 1 —BF(H — invisible) H
W(— {v)+jets 235+42 | 1010+ 50 | 225+16
Multijet 2+ 2 20+ 20 4+ 4 Results Expected +1lo0c -lo 420 -20 | Observed
Total background 577+62 | 2680+130 | 583+34 SR?2 0.60 085 043 1.1%8 032 0.83
Data 539 2654 636 Combined Results 0.31 044 023 0.60 0.17 0.28
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1112.3299

Riggs portal DM

— 10_34 1 ] 1 | | ] 1 1 L LI I 1] 1 1] 1] 1] 1] | L l
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2 10 ) CDMS-Si,95%CL ... XENON100
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7)) -40 NG : i fermion
wn 10 N wpips Vector
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3 1 0244
o .
= } 8“‘5 B
o 107° /z{'/////‘////,;///'///////////
= 1047
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10-% L 2 1 1 1 1 l | 1 I 1 | 1 1 1 l
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2 2 2 )
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summary

® EFT was chosen to interpret DM searches in Run-|

® DM Forum prepared recommendations for simplified models for early Run-2 analyses
1507.00966

® Recent developments in generators allow for more precise modelling.

B richer phenomenology, complementarity, new interpretations

® DM working group under LPCC https:/Ipcc.web.cern.ch/Ipcc/index.php?page=dm_wg

o DM@LHC workshop in Amsterdam, 30/03 - 01/04 (to be announced soon)

® new Run-2 results

® complementarity of DM searches
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extra material
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|4 TeV projections

ATL-PHYS-PUB-2013-014
ATL-PHYS-PUB-2013-015

® /Zh — Il + MET analysis BR(H —inv.) limits at 95% (90%) CL | 300 fb~" | 3000 fb~!
Realistic scenario 23% (19%) | 8.0% (6.7%)
Conservative scenario 32% (27%) | 16% (13%)
I| T T T 1T TT I| T T T T TT I| T T T T T TTT N'_| _ I| T T T 1T TT I| T T T T TT I| T T T T T TTT
£10° Higgs-portal Model ATLAS Simulation Preliminary £10 %8 Higgs-portal Model ATLAS Simulation Preliminary
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S 1040 SN Is =14 TeV, [Ldt=300 fb” S10% s = 14 TeV, [Ldt=3000 fo”
B 1041 B 10
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D103 '.""'--..._,_ 210 e 3
i~ O 1044 B
B 10-44 R p B 10 Tal
5 10-45 ////////////;'%/////////// 7 c 10-45 //////t"}"/ /:/;/;/7 :
(@] S S S (@] -46 S R L e AN PT
D104 TR EER et @10 [ e
oY NPT o104 e T e
510 47 S S
Z10% Z10%E e
= 104 S mm s e S109F e T ——
o 10 e XENON10 e XENON100 o 10'50 ,,,,, s XENON10 e XENON100
10'50 QAR XENON 1T wims ATLAS 300 fb™, scalar DM 51E <77 e XENON 1T wiiwi ATLAS 3000 fb™, scalar DM
== ATLAS 300 fb", vector DM s ATLAS 300 fb'1, majorana DM 10- == ATLAS 3000 fb”, vector DM ésesss ATLAS 3000 fb™', majorana DM
101 Ecu L] N i 10752 Erl C N C
1 10 102 10° 1 10 102 10°
DM Mass [GeV] DM Mass [GeV]
® coupling fit Nr. | Parameter 300 fb~! 3000 fb~!
Theory unc.: Theory unc.:
° _} + )
(WIthOUt Zh I MET All Half  None All Half  None
1 K 75% 59% 52% | 35% 29% 2.6%
g
Ky 93% 62% 48% | 52% 30% 1.7%
KZy 718% 78% 8% 30% 29% 29%
BR;, <28% <26% <25% | <15% <13% <12%
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mono-jet prospects @ 14 TeV

ATL-PHYS-PUB-2014-007

Event selection Systematic uncertainties
® J|eading jet pT > 300 GeV ® 5% reasonable expectation for
e Aw(jet, MET) > 0.5 early Run-l
® clectron and muon veto ® |% ultimate goal for HL-LHC
® at most two jets = - — T
° PT > 30 GeV @ 8 TeV % 102? ATLAS Slmulva;[|2n1ir$gr\7|nary —§
e pT>50GeV @ 14TeV S 10F =
® SR defined by ; 1; _E
MET > 400, 600, 800 GeV L -
Backgrounds 102 ;_ _i
® pure MC study i :
10°¢ =
0 500 1000 1500 2000
ET [GeV]
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mono-jet prospects @ 14 TeV

ATL-PHYS-PUB-2014-007

® Already first data from Run-Il will bring improvements in sensitivity to DM.
® Exclusion limits can be improved by factor of 2 with first few fb-!.
® 50 discovery potential for M* ~ |.7 TeV with 300 fb-'.
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