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A Dark Matter Motivational Slicde

Abundant & Raobust Evidence of Dark Matter!
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A Dark Matter Motivational Slicde

Abundant & Raobust Evidence of Dark Matter!
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A Dark Matter Motivational Slicde

Abundant & Raobust Evidence of Dark Matter!
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Dark Matter Complementarity
for tThe WIMP Lancdscape

Higes

Courtesy of Tim Tait




Dark Matter Complementarity
for tThe WIMP Lancdscape
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(as much as Possiblc!)

MODEL INDEPENDENT APPROACH(es> TO DM SEARCHES
EFT

simple!
® Add Only DM as new particle - 7 P

® Interactions between DM & SM via non-renormalizable operators

® Valid when M E
Valid whe . 7 Relevant (cxPcr‘imanraD Energy Scale

Uy
\——V Effective Scale of New Physics Connecting DM & sM




Dark Matter Complementarity
for tThe WIMP Lancdscape

E I:T Table 1 Operators for Dirac DM
Label Operator Usual coefficient Dimension
= Cohsider DM in a HIDDEN SECTOR o ixdg /M3 .
Singlet under SM BGauge Interactions 7 Xiysxdqq mg /M 6
Ops XXqiysq my /M, 6
Oy Xiysxqiysq my /M;] 6
Ops  XV"Xdvuq /M3 6
O XY™ Vs Xavug 1/M; 6
Oy, XY*XGVuYsq 1/M? 6
Opg X't vsxdvaysa /Mg 6
G0 XM xGo,0q 1/M? 6
Opg  XioMysxgouq — 1/M? 6
Op11 XX GuvG™ as/4M; 7
Op1a XVsx GuG** iors /4 M U
Oy XXGuGH as/4M] 7
Op14 F¥sx GuyGHY iog /4M3 7

De Simone, Jacques, Eur. Phys. J. C76 (2016) 7, 367



EFT

= Conhsider DM in a HIDDEN SECTOR

Singlet under SM BGauge Interactions

® Valid when

DM DIRECT DETECTION E ~ MeV

DM LHC SEARCHES E ~ TeV x

Meq=1000 GeV, g=1 ——
Mimeg=100 GeV, g=0.1 -
EFT A=1000 GeV === |

0.001 | i,

1/c do/dQ

0.0001 ¢

1e-05 .
mDM=1 0 GeV

1e-06

500 1000 1500 2000 2500
Q (GeV)

Table 1 Operators for Dirac DM

Dark Matter Complementarity
for tThe WIMP Lancdscape

Label Operator Usual coefficient Dimension
Op) Xx4qq my /M 6
O Xivsxdq mg M 6
Op3 XX qiysq my /M, 6
Oy Xiysxqiysq my /M;] 6
Ops X" xavug /M3 6
O XY™ Vs Xavug 1/M; 6
Oy, XY*XGVuYsq 1/M3 6
Opg X't vsxdvaysa /Mg 6
G0 XM xGo,0q 1/M? 6
Oo10 XM ysx3ouq 1/M? 6
Op11 XX GuvGH' as/4M; 7
Op1a XVsx G G* iors /4 M U
Oy XXGuG™ as/4M] 7
Op14 35 x Gy GHY iog /4M3 7

De Simone, Jacques, Eur. Phys. J. C76 (2016) 7, 367

EFT fals when DM - sSM Mediator Accessible

Busoni, De Simone, Morgante, Riotto, Phys. Lett. B728 (2014) 412
Buchmueller, Dolan, McCabe, JHEP 01 (2014) 025



Dark Matter Complementarity
for tThe WIMP Lancdscape

Table 1 Operators for Dirac DM

Label Operator Usual coefficient Dimension
= Consider DM in a HIDDEN SECTOR o, ixig /M 6
Singlet under SM Bauge Interactions 7 Xiysxaq mg /M 6
Op3 XX qiysq my /M, 6
i o v xq 1/M? 6
SOLUTION : s X Xin M
Opg Xv"vsxqvug /M 6
1 i i v 7 2
® 'Open up' effective interaction Op7  Xv¥xdvursq 1/M; 6
o, v vsxd 1/M? 6
- D8 XYUYsXqyuysq /M
/ — — - v =
LD Z, (gsmar"q~+ gx X7"x) Opo XM XG0 1/M3 6
Op10 XioMysxGouwg 1/M3 6
' : Op11 XX GuvGH' as/4M; 7
® Add DM & Mediator a articl _ |
A & Mediator as new particles O AvsAGuGH s /M .
Oy XXGuG™ as/4M] 7
Op14 35 x Gy GHY iog /4M3 7

De Simone, Jacques, Eur. Phys. J. C76 (2016) 7, 367

EFT fals when DM - sSM Mediator Accessible

Busoni, De Simone, Morgante, Riotto, Phys. Lett. B728 (2014) 412
Buchmueller, Dolan, McCabe, JHEP 01 (2014) 025

Lef's add it




Raftionale of Simplified Models
for Dark Matter Phenomenology

Increase complcxH'
I




Raftionale of Simplified Models
for Dark Matter Phenomenology

Increase comPchH'
I

. \\ POSS'HC e
Farge . i} f.m‘PICr: LH‘
f“'\ﬂ\\s\ Dark Matter Pheno Models T i
\[\II S £ g
$ crt

® Simple enough as sensible unit within (more) complica’rcal\?n%a!cl

® Comp|c+c cnouah to accura+c|y caP+urc relevant Physics



Simplified Models for DM Searches

| focus on Dirac Fermion DM

Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023
Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEP1207 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

Vector/Axial-Vector Mediator

Ly DV, (Z " (98m + 96m7°)a + X7 (g + 9£75)X)

q
Scalar Mediator Pseudoscalar Mediator
, 1 m? iy 1 m?
Lo = XD —my)x + 5(%8)2 — 28 s? Lo = X(@EP—my)x + 5(3ua)2 - 7612
- Yq _ - —5 : Yg _ 5
— gySXX—gsMs Y —=qq — igyaxy’x —igsma Y g
q \/§ q \/§

Maocdels defined after E\WSB




Simplified Models for DM Searches

| focus on Dirac Fermion DM + Spin-0 Mediator

Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023
Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEP1207 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

Vector/Axial-Vector Mediator

Ly DV, (Z " (98m + 96m7°)a + X7 (g + 9£75)X)

q

4 )

Scalar Mediator Pseudoscalar Mediator
, 1 m? iy 1 m?
Lo = XD —my)x + 5(%8)2 — 28 s? Lo = X(@EP—my)x + 5(3ua)2 - 7612
- Yq _ - _ 5 : Yq _ 5
— gySXX—gsMs Y —=qq — igyaxy’x —igsma Y g
q \/§ q \/§

/




Simplified Models for DM Searches

s

| focus on

Dirac Fermion DM + Spin-0 Mediator

Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023
Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEP1207 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

Vector/Axial-Vector Mediator

Ly DV, (Z " (98m + 96m7°)a + X7 (g + 9£75)X)

q

4 Scalar Mediator Pseudoscalar Mediator A
. 1 2 . 1 m?
Lo = XEp—mIx+350u9)° = 528> Lo = XGP—my)x+ 5(0pe)* = Sta”
- 9 SXX—QSMSZ%QQ — igyax7°X — igsm aZ%cﬁﬁq
\ ’ ! %

KEY QUESTION

Complete enough to accurately describe DM phenomenology?




Simplified Models for DM Searches

s

| focus on

Dirac Fermion DM + Spin-0 Mediator

Shoemaker, Vecchi, Phys. Rev. D86 (2012) 015023
Frandsen, Kahlhoefer, Preston, Sarkar, Schmidt-Hoberg, JHEP1207 (2012) 123
Buckley, Feld, Goncalves, Phys. Rev. D91 (2015) 015017

Vector/Axial-Vector Mediator

q

Ly DV, (Z " (98m + 96m7°)a + X7 (g + 9£75)X)

4 Scalar Mediator Pseudoscalar Mediator A
. 1 2 . 1 m?
Lo = XEp—mIx+350u9)° = 528> Lo = XGP—my)x+ 5(0pe)* = Sta”
- 9 SXX—QSMSZ%QQ — igyax7°X — igsm aZ%cﬁﬁq
\ ’ ! %

KEY QUESTION

Compchrc cnouah to accur'aJrcly descrive DM Phcnomcno\oay? M@




Simplified Models for DM Searches

4 Scalar Mediator Pseudoscalar Mediator A
m? 2 mc%, 2
Ls = X(P—my)x + (3 s)* — 288 Lo = X(@EP—my)x + (3 a)® — 5 ¢
- gxsfoc—gsw[szﬁ — gy axyx — %QSMGZ\/Q—@’Y%

\ ! /

The Issue is SU(2);, x U(l)y Bauge Invariance




Simplified Models for DM Searches

4 Scalar Mediator Pseudoscalar Mediator A
1 2 :
Lo = XE@-m)x+5@0us)? - =28 Lo = XP—mx+3 (8 0)? - Zta’
— gy SXX — gsMm sZ fq - igxaifx—%gsmazq:%mg’q
- /
The Issue is SU(2);, x U(l)y Bauge Invariance
2
Lo = x(iP—my)x + - (a 5)2 — ”; 52 DM is SM GAUGE SINGLET
— gy SXX — gsMm SZ L qq MEDIATOR NEEDS SU (2)r, x U(1)y CHARGE
\ V2 / to couple to SM fermions

_~~ TS S mixes with

Scalar Case: Restorin e lnvariance is Direct
cala as storing &aug ariance is c SM Higgs boson

1 1 1 1
V= _§M§S‘92 - uHS(I)T(I)S + §AH,9(I’T(I’52 + gHSSS + EASSLI




Simplified Models for DM Searches

4 Scalar Mediator Pseudoscalar Mediator A
1 : L 1 2
Lo = X@—mx+ 50 -5 Lo = X —mx + 5(00)? — Sta’
- QXSXX—QSMSZZJ—\/%QQ - igxa3275x_igSMaZ%(h’5q
N « v q Y
The Issue is SU(2);, x U(l)y Bauge Invariance
yy 1 2 mg 2 :
Lo = XD —mx +5(0us) = 205 DM is SM GAUGE SINGLET
— GSXX —gsmS Y 2L g MEDIATOR NEEDS SU(2), x U(1)y CHARGE
\ q V2 / to couple to SM fermions

_~~ TS S mixes with

Scalar Case: Restorin e lnvariance is Direct
cala as storing &aug ariance is c SM Higgs boson

1 1 1 1
V= _§M§S‘92 - uHS(I)T(I)S + §AH,9(I’T(I’52 + gHSSS + EASSLI

SM Higacs Boson is also a Mediator! (two mediators)

Kahlhoefer, Schmidt-Hoberg, Schwetz, Vogl, JHEP1602 (2016) 016
Bell, Busoni, Sanderson, JCAP1703 (2017) 015




Simplified Models for DM Searches

" scaar Mediator Pscudoscalar Mediator

Lo = X(P—my)x+ %(8#8)2 - ’%332 Lo = XD —m)x+ %(awaz)2 - m??‘az
) ) L Yy
. - gxsxx—gswlszq:%qq - ngam“r’x—%gsmazq:j%qv‘t’q ,
The Issue is SU(2), x U(l)y Gauge Invariance
0.7 SN UYANAN
Lo = XD—mx+ (0 - s ,"[/I',"[' \

— O S)ZX\— QSMS%:%QQ "’"’

/ 0.5

Ak

w 04 NIV NN -
Need two-mediator interplay For 0 23_
correct DM Direct Detection bounds T
0.1F

005 L

100 10’ 10? 10° 10

m, (GeV)

Bell, Busoni, Sanderson, JCAP1703 (2017) 015




Pseudoscalar Case

SD WIMP—proton cross section [ecm
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Simplified Models for DM Searches

e DM Direct Detection signatures strongly c;upprcc;c;cd wrt Scaar Case

X1VsXqiYsq yields Spin~Dependent DM-Nucleon cross section @ Tree-level
yields Spin~Independent DM-Nucleon cross section @ One-loop

SuperCOMS Soudan COMS-lite
SuperCOMS Soudan Low Threshold
KENON 10 52 (2013)

4~ COMS-Il Ge Low Threshold (2011) 10—3
T '.|' l" It' I| T U L B | T T
PN | CoGeNT
\1_9- ‘\\ A \\\ \\‘4 (2012) | 10_4
‘i.% ol “)\"‘ COMS Si
s ‘\\ (2013)
~ % \g\.:_-. 20"'-2) -
SRR\ pLE( 1) 10 5 —
RO s 2
! A\ g - a0t 5 =
R 7epu - 509 110 5
N&,\\ r—
P s 07 3
gl 107§
8 L e 2
ey 0T 8
L e ~""E Ogﬁ&g’}a:' ) :
Neutrinos .. "-\_\\\ \\ _,,—0-0“'” a_,.e""":,’t::'%};&;ﬂ . 10 8
b E S 36 ,—F"‘—"-::-' " .-"""”-‘ - -
\:‘ . : . ;E;f‘? T Daﬂ‘slge@g’ 110710 3
\ Sl EEET L _'_,,.—-'L o
N e .. *_.»' |
[ (Green ovals) Asymmetric DM ‘ \\\ -------- __,.-""'—- ’ ‘10_11 E
(Violet oval) Magnetic DM N -== / =
| (Blue oval) Extra dimensions i l1n-12
(Red cirele) SUSY MSSM ‘ , SNBNWW‘O 10 B
A MSSM: Pure Higgsino ’lﬁﬁ andD
- @ MSSM: A funnel gt Mmo'iph | 10—13
@ MS5M: Bino-stop coannihilation
W MSSM: Bino-squark coannihilation ~14
1 10 100 1000 1011
WIMP Mass [GeV/c’]

Pseudoscalar Case not constrained by DM DD



Simplified Models for DM Searches

Pseudoscalar Case

e DM Direct Detection signa+urcc5 9+ronﬁly supprcsscd wrt Scalar Caose

X1VsXqiYsq yields Spin~Dependent DM-Nucleon cross section @ Tree-level
yields Spin~Independent DM-Nucleon cross section @ One-loop

LHC Searches are Key for Pseudoscalar Scenario



Simplified Models for DM Searches

Pseudoscalar Case

e DM Direct Detection signa+urcc5 9+ronﬁly supprcsscd wrt Scalar Caose

X1VsXqiYsq yields Spin~Dependent DM-Nucleon cross section @ Tree-level
yields Spin~Independent DM-Nucleon cross section @ One-loop

LHC Searches are Key for Pseudoscalar Scenario

No pseudoscalar in SM

\_/Y for a to mix with.

° Rcc;’ror'inﬁ C*rauac Invariance is Not (as) Direct



Simplified Models for DM Searches

Pseudoscalar Case

e DM Direct Detection signatures strongly c;upprcc;c;cd wrt Scaar Case

X1VsXqiYsq yields Spin~Dependent DM-Nucleon cross section @ Tree-level
yields Spin~Independent DM-Nucleon cross section @ One-loop

LHC Searches are Key for Pseudoscalar Scenario

e Restoring Gauage Invariance is Not (as) Direct No pseudoscalar in SM
3 I \_/Y for a to mix with.

Mixing requires Higgs sector with two Doublets (2H[OM) <—J

Vportal = 1K Qg HIHQ + h.c.

Nomura, Thaler, Phys. Rev D79 (2009) 075008

= 2HDM + a (+ DM) = q, A, Hy, HT  (New scalars)

Ipek, McKeen, Nelson, Phys. Rev D90 (2014) 055021

JMN, Phys. Rev D93 (2016) 031701
Goncalves, Machado, JMN, ArXiv:1611.04593




Simplified Models for DM Searches

Pseudoscalar Case

e DM Direct Detection signatures strongly c;upprcc;c;cd wrt Scaar Case

X1VsXqiYsq yields Spin~Dependent DM-Nucleon cross section @ Tree-level
yields Spin~Independent DM-Nucleon cross section @ One-loop

LHC Searches are Key for Pseudoscalar Scenario

e Restoring Gauage Invariance is Not (as) Direct No pseudoscalar in SM
3 I \_/Y for a to mix with.

Mixing requires Higgs sector with two Doublets (2H[OM) <—J

Vportal = 1K Qg HIHQ + h.c.

Nomura, Thaler, Phys. Rev D79 (2009) 075008

= 2HDM + a (+ DM) = q, A, Hy, HT  (New scalars)

Ipek, McKeen, Nelson, Phys. Rev D90 (2014) 055021

JMN, Phys. Rev D93 (2016) 031701
Goncalves, Machado, JMN, ArXiv:1611.04593

= a, Ho, H* (New Scolars) MHo,HE —Ma < O(few) x v

= 2HDM (+ DM) => Rich(er) DM Sector (+ DM feels sM Graugc Interactions)

Berlin, Gori, Lin, Wang, Phys. Rev D92 (2015) 015005

Vorupm (Hi, H2) + gy Dy, Hi 2X + h.c.
» SUC2) doublet(s)




Simplified Models for DM Searches

Pseudoscalar Case

e DM Direct Detection signatures strongly c;upprcc;c;cd wrt Scaar Case

X1VsXqiYsq yields Spin~Dependent DM-Nucleon cross section @ Tree-level
yields Spin~Independent DM-Nucleon cross section @ One-loop

LHC Searches are Key for Pseudoscalar Scenario

e Restoring Gauage Invariance is Not (as) Direct No pseudoscalar in SM
3 I \_/Y for a to mix with.

Mixing requires Higgs sector with two Doublets (2H[OM) <—J

Vportal = 1K Qg HIHQ + h.c. %
%

Nomura, Thaler, Phys. Rev D79 (2009) 075008
DO &

(New Scalars) y %}@&

‘

= 2HDM + a (+ DM)

Ipek, McKeen, Nelson, Phys. Rev D90 (2014) 055021
JMN, Phys. Rev D93 (2016) 031701

Goncalves, Machado, JMN, ArXiv:1611.04593 “\\“\\\\\\\\\\\
I\l
+ — < O(f X
Ncw Scalars) "Ho,HE — Ma = O(few) x v

= 2HDM (+ DM) => Rich(er) DM Sector (+ DM feels sM Gouge Interactions)

Berlin, Gori, Lin, Wang, Phys. Rev D92 (2015) 015005

Vorupm (Hi, H2) + gy Dy, Hi 2X + h.c.
» SUC2) doublet(s)




Simplified Models for DM Searches

2
ma2

, 1
L, = x()— mx)X + 5(8#3)2 - 7@

. _ 5 . ﬂ _ 5
QUESTION — igyaxy X—%gswzq: 75 1

Complete enough to accurately describe DM phenomenology?




Simplified Models for DM Searches

2
ma2

: 1
Lo = X0 —my)x + 5(8#3)2 T

QUESTION — igyaxy’x —igsma % g
q
Con the New States A, Hy, HE be pushed beyond LHC reach?




Simplified Models for DM Searches

2
ma2

: 1
Lo = X0 —my)x + 5(8#‘1)2 T

QUESTION — igyaxy’x —igsma % g
q
Con the New States A, Hy, HE be pushed beyond LHC reach?

Generadlly...




Simplified Models for DM Searches

2
ma2

, 1
L, = x()— mx)X + 5(8#‘1)2 - 7@

— gy axx —igsma Y 2L gy’
QUESTION NG
Con the New States A, Hy, HE be pushed beyond LHC reach?

Mixing between a and Scalar EW Multiplet

New States
(Mediator EW Partners)

New States Only Decouple by Closing DM Portal: sinf ~ i




2HDOM + a Portal to Darlkk Matter

Visible Sector

Dark Sector
2

m . —_
" ag +igy ag X’}’5X]

Vopy = ,u% \H1|2+u%\H2|2—u2 [HIH2+h®

VDark = myXX + 3 (a @0)
|H1| + |H2\ + g [Hy|? [Hy|* [ *

+ N ‘H}HQ‘ + 35 l(HI Hg) + h.c.] Portal
Vportal =1Kag HIHQ + h.c.

_\EYuk - YﬁzQLQEﬁm +Y1,Qrai Hi + Y1€2EL€RH1,2 +D

_I_
H; =1 o, +f +in; i = _Smli - Cﬁd); Ag = —spi1 +cgnp
J J NG J h = —s,h1 + coho Hy = —Coh1 — 8409

» 125 BeV Higgs

Assume Natural Flavour Conservation in Ly«



Visible Sector

Vorpum

+ |H1| + |H2\ + g [Hy P | Hy|

Iy ‘H}HQ‘ +35 l(HIHQ) +h.c.]

Quk =1 QQLQRHl 2+ Y1 QQLQRHl 2 1+ Y1 zLLgRﬂl 2 -|- h.c.

VDark 2 ng (CQCL + SQA) )Z’YE)X <=

2 2
muxy—m,) S
i 2?)&) 2 (oo Ho = 550 h) <

x laA(s5—c5)+ (a® — A%) spcg]

Vportal

u? H| + u% Hy|* -y [HIHQ + h.$

2HDOM + a Portal to Darlkk Matter

Dark Sector

2

m o
—2 48 + gy, a X’}’5X]

[VDark — mXXX + = (a CLO) 9

Por+tal
portal =1 HQO H1H2 + h.c.

<Mlx1n3
Phgsmal States
—09A0+89a0 : a=ceao—89Ao]




2HDOM + a Portal to Darlkk Matter

ALLOWED MASS RANGE FOR NEW STATES A HT Hy

® Mass Splittings among A H * H, bounded by 2ZHDM unitarity

Ginzburg, Ilvanov, Phys. Rev D72 (2005) 115010
m; —m; < O(few) x v

® Mass splittings 11 4 g, g+ > M, also bounded by Unitarity (it sin @ is kept fixed)

a> rfW
o

8 ——m—m@rm———r e

1.6

14
1.2
— » 172 2
E’ 1.0 (\ M _ /'L /(SﬁCﬁ)
=T
g 08 9 9 2 2 a2 2 2 2
o An. =My —1m, AH_M _mHi+2mW_mh/2
04 mm sn?(9)=1/4, 1, =1 my =100 GeV 5 5 1 1 '
s =1/2, t; =1, my = 400 GeV A o AH Aa (1 — 049) 4 AH Aa (1 — 849)
02 = 5?nif&‘j=1j2_. t, =5, my=100 GeV 1 + = ,UQ o 8 ’U2 ’U4 + 8 ’U4
m snt(f)=1/2, 1 =1, my =100 GeV

080 01 02 03 04 0F 06 07 08 08 10 11 T2 13 14 15
my (TeV)
Goncalves, Machado, JMN, ArXiv:1611.04593 Pert. Unl'l'ar|1'LJ -> |A | < 8Tl'

—+

10




2HDOM + a Portal to Darlkk Matter

ALLOWED MASS RANGE FOR NEW STATES A HT Hy

® Mass Splittings among A H * H, bounded by 2ZHDM unitarity
Ginzburg, Ilvanov, Phys. Rev D72 (2005) 115010
m; —m; < O(few) x v

® Mass splittings 11 4 g, g+ > M, also bounded by Unitarity (it sin @ is kept fixed)

a W
___>___<\\

a h w

(‘ > M* = i*/(spcp)

2 9 2 2 a2 2 2 2
A2 =m? —m? Ay =M —miy +2my —mi /2

8 ——m—m@rm———r e

16

1.4

1.2

1.0

mgy (TEV}

0.8

06

04 - 3 X
o sntiE) =14, =1 my =100 GeV
2 2
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2HDOM + a Portal to Darlkk Matter

LHC SIGNATURES MA m, gt > Mg

JMN, Phys. Rev D93 (2016) 031701
Goncalves, Machado, JMN, ArXiv:1611.04593
Bauer, Haisch, Kahlhoefer, ArXiv:1701.07427

MmA > Mg + My, My, > Mg+ Mz
g h g / Z
—————— ¢ (Resonant) moho-h/ mono-Z N
A AN \
*\ (mOI’\O—W) \,
g ' a [(Assume a Decays invisibly) ¢ a
max L (mZ . mZ . m2)2 . 4m2 m2 T113&){ N L\/(WQ o m? o m2)2 _ 4m2 mg
T QmA A h a h'"a 2mH{] Hy Z a Z'""a
mono-Z
- BZ7Z
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X
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2HDOM + a Portal

to Dark Matter

Compare Z+ Hr to Jets + Hr @ LHC

103 T | T T T T | T T T T T T T T | IZIaI T | T T T I_E
=0.3 TeV 3
o]z
10? dET T %arrhﬂ TeV 3
P a imp E
‘0 VW, £
. Z-+jets =
I tt+jets -
1 E
107 -
102 =
107 —
10#
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_I T T T T | T T T T | T T 1 T 11 | T T 1771 I I T T 1 I T T 1T T
" o= _ 1 7
7:—6—75/4, L=100 fb ] Za,, o0 1ev .
B I:| ZamH=1 TeV B
6 --- a+jets -
r B stat ]
O - T a+jetsstat syst 59%
_____ X -
S S Tl
0 e
Q.
[
Ja

v
lII|IIII|
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|IIII|IIII|I

50

100 150 200 250 300 350 400
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T T | T T T | T T 1T | T |
(%] e
102 © I SMg,y. 3
10 =
1 E
10™
200 300 400 500 600 700 800 900 1000
ET [GGV]

Xs for sianal scales as +an[3‘7’

Mono-Z sianiﬁcanﬂy more
sehnsitive than monosjci- (w. syeﬂ
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Summary & Thoughts {_DARK MATTER

BeyonD™eDARK. PORTAL

® Strong Case to go beyond “traditional” simplified
models for Dark Matter searches GLHC

5im|9Ic Argumcr\’r

£ W , DM Phenomenology heglecting rest
= b From E MU|+IP|C+ N_ 7 of Multiplet misses relevant physics

= Mediator From EW Multiplet 3\ i cting states in Mediator Mutiplet

Misses Relevant DM Phyeice

® Pseudoscalar Mediator scenario: New LHC signatures

Resonant mono-h

= LHC could probe DM interpretation
of Galactic Center gomma ray excess

® In general, identifying minimal consistent "model unit” for
Dark Matter phenomenology in each scenario is important
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