News from the LHC
"Astroparticle Physics at the LHC”

David Berge (GRAPPA, Amsterdam)
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ATLAS and CMS public results

* Journal publications:

— ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications

— CMS:
* https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
* http://cern.ch/go/8rH8

* Conference notes with preliminary results, internally reviewed:

— ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CONFnotes
— CMS: http://cern.ch/go/VOwC
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LHC Mission: Complete the Standard Model
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LHC Mission: Discover the Dark Sector (and more...)

1 : 5
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Two general-purpose experiments: ATLAS & CMS
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The Large Hadron Collider

2012 performance Design performance
Collidingbunches 1331 2808
Energy 4 TeV x4 TeV 7 TeVx7TeV

Bunch spacing 50 ns 25 ns

Luminosity

Pile-up interactions

) ]




The Large Hadron Collider

2012 performance 2015 likely performance
Collidingbunches 1331 2520
Energy 4 TeV x4 TeV 6.5 TeV x 6.5 TeV

Bunch spacing 50 ns 25 ns

Luminosity 1.5x 103 cm=2 st

Pile-up interactions

) ]




X= jets, W, Z top, Higgs,  SUSY, ...

Underlying event
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Task: measure transverse energy
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event pile-up

Difficulty
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Z — pueventin ATLAS with 25 reconstructed vertices



Difficulty: event pile-up
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ATLAS-CONF-2013-082
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Up to now, we found everything we knew about..*
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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... and nothing we didn’t know about! b

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots, or next slide...
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)fb" V5=7,8TeV
Model & T,y Jets ET™ [Ldt[ib7'] Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 20.3 m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM lepu 3-6jets  Yes 20.3 any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes 20.3 any m(g) 1308.1841
G5, g—qis 0 26jels  Yes 203 m(F})=0 GeV ATLAS-CONF-2013-047
EE. E-qat) 0 26jets  Yes  20.3 miE)=0 GeV ATLAS-CONF-2013-047
&8, E—qql T—*qu*)g? lTeu  36jets  Yes 203 m(¥$)<200 GeV, m(¥*)=0.5(m(¥)+m(z)) ATLAS-CONF-2013-062
BE, E—qq(te/tviw)Y] 2epu 0-3 jets - 20.3 m(F})=0GeV ATLAS-CONF-2013-089
GMSB ({ NLSP) 2e,p 2-4jets  Yes 4.7 tanp<15 1208.4688
GMSB (7 NLSP) 1-27 0-2jets  Yes 20.7 tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y - Yes 4.8 m(¥3)>50 GeV 1209.0753
GGM (wino NLSP) Tepu+y - Yes 438 mi¥3)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(i9)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 105 m(g)>10- eV ATLAS-CONF-2012-147
51;'0' g—bb¥ 0 3b Yes 201 m(¥})<600 GeV ATLAS-CONF-2013-061
tn"E’ F—tEl 0 7-10jets  Yes  20.3 m(F)) <350 GeV 1308.1841
® EotEl O-1epu 3b Yes  20.1 m(F])<400 GeV ATLAS-CONF-2013-061
® g—bth 0-1eu 3b Yes  20.1 m(F9)<300 GeV ATLAS-GONF-2013-061
bib1. by ab!?z 0 2b Yes 201 | by . 100-620 GeV m(F?)<80 Gev 1308.2631
By by, by—tiy 2e,u(88) 03b Yes 207 |b 275-430 GeV m(E$)=2 m(¥?) ATLAS-CONF-2013-007
1t (light), f1—bFT 1-2ep 1-2b  Yes 47 |® 110567GEV] m(¥1)=55 GeV 1208.4305, 1209.2102
i F1(light), F1— WhTS 2epu 0-2jets Yes 203 |i 130-220 GeV m(¥]) =m(F;)-m(W)-50 GeV, m(f;)<<m(¥]) | ATLAS-CONF-2013-048
,F1(medium), F— 7] 2e.p 2jets  Yes 203 & | 225.525GeV m(E3)=0 GeV ATLAS-CONF-2013-065
1 f1(medium), f; — bi7 0 2b Yes 201 |& ~ 150-580GeV m(¥3)<200 GeV, m(¥:)-m(i})=5GeV 1308.2631
f f(heavy), f; —t¥ lep 1b Yes 207 |& ~ 200-610 GeV m(E3)=0 Gev ATLAS-CONF-2013-037
fit1(heavy), 1 —th] 0 2b Yes 205 &  320-660 GeV m(i9)=0 GeV ATLAS-CONF-2013-024
hi. ’fl_)d?‘l’ 0 mono-jet/c-tag Yes  20.3 t ~ 90-200 GeV m(t,)-m(F7)<85 GeV ATLAS-CONF-2013-068
ity (natural GMSB) 2e,pu(2) 1b Yes  20.7 m(¥3)>150 GeV ATLAS-CONF-2013-025
B, boh + 7 3e,u(Z) 1b Yes 207 |E | 271-520 GeV miE)=m(¥1)+180 GeV ATLAS-CONF-2013-025
P riy g, (—0F) 2en 0 Yes 203 |7 . 85315GeV m(F)=0 GeV ATLAS-CONF-2013-049
5 B AL AT S 2eu 0 Yes 203 ||  125-450 GeV mF1)=0 GeV, m(7, »=0.5(m (¥} }+m(i3)) ATLAS-CONF-2013-049
= § Xy Xy, Xy =7v(17) 27 - Yes 207 | &t 180-330 GeV m(E7)=0 GeV, m(z, 7)=0.5(m(E} )+m(i1)) ATLAS-CONF-2013-028
W= Hosing (), EVELE(Y) 3eu 0 Yes  20.7 m(E)=m(¥2), m(¥})=0, m(F, #)=0.5(m (¥} }+m(¥")) ATLAS-CONF-2013-035
)?i‘)?aﬁ 5% Z)?g e 0 Yes  20.7 m(¥;)=m(¥3), m(¥1)=0, sleptons decoupled | ATLAS-CONF-2013-035
Xi¥3— Wi hiy Teu 2b Yes  20.3 m(¥})=m(¥3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct ¥1 ¥7 prod., long-lived ¥;  Disapp. ttk 1 jet Yes  20.3 m{¥;)-m(t5)=160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g R-hadron 0 1-5jets  Yes 22.9 m(¥3)=100 GeV, 10 ps<r(g)<1000 s ATLAS-CONF-2013-057
GMSB, stable 7, )"(?_,«?(é, )+r(e,p) 1-21 - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
GMSB, ¥1 -y, long-lived ¥3 ¥ - Yes 47 0.4<7(¥)<2 ns 1304.6310
qg, )'(?—»qqy (RPV) 1 p, displ. vix - - 20.3 1.5 <cr<156 mm, BR(u)=1, m(£})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥- + X, ¥r—e +pu 2epu - 46 A3,,=0.10, 4;32=0.05 1212.1272
LFV pp—¥. + X, 7. oe(u) + 7 Tepu+t - - 4.6 A,=0.10, Ay3)33=0.05 1212.1272
> Bilinear RPV CMSSM 1epu 7 jets Yes 4.7 m(§)=m(g), ctisp<1 mm ATLAS-CONF-2012-140
& )?i)?{ W B seer,, enie 4 en - Yes 207 m(P3)>300 GeV, 212150 ATLAS-CONF-2013-036
FiRL, 0 2 WES Florrie, eti, Seu+7 - Yes 207 m(¥3)>80 GeV, Ay33>0 ATLAS-CONF-2013-036
g—qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tit, fiobs 2e,u(SS) 036b Yes  20.7 ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—qg 0 4 jets - 46 | sguon ~ 100-287 GeV incl. limit from 1110.2633 1210.4826
Scalar gluon pair, sgluon—tt 2 e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<B0 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

107!

Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



CERN / LHC Interactions with Astroparticle Physics

15

e ATLAS ApP Forum newly founded

* CERN-wide workshop “Results and prospects of forward physics at the LHC: Implications for the

study of diffraction and cosmic ray interactions”:
indico.cern.ch/conferenceDisplay.py?confld=223562

* Now regular CERN-wide meetings in forward physics working group:
http://Ipcc.web.cern.ch/LPCC/index.php?page=fwd wg

Scaled flux E*° J(E) (m?s'sreV'®)
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General features of cosmic ray flux
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e ATLAS ApP Forum newly founded

* CERN-wide workshop “Results and prospects of forward physics at the LHC: Implications for the
study of diffraction and cosmic ray interactions”:

indico.cern.ch/conferenceDisplay.py?confld=223562

* Now regular CERN-wide meetings in forward physics working group:
http://Ipcc.web.cern.ch/LPCC/index.php?page=fwd wg
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Extrapolations to the highest CR energies 18

Total pp cross section in ATLAS:

arXiv:1104.0326
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Back to the mainstream
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5

Fabiola Joe
Gianotti, Incendela,
ATLAS CMS

4th of July, 2012 — Higgs-day at CERN

David Berge / GRAPPA / TeVPA2013



Back to the mainstream

21

“arXiv:1307.1427
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http://arxiv.org/abs/1307.1427

Expectations for the Standard Model Higgs at the LHC %

Production cross sections
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The LHC Higgs cross section working group:
David Berge / GRAPPA / TeVPA2013 https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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Expectations for the Standard Model Higgs at the LHC #

Quantum numbers:
spin-parity O+

David Berge / GRAPPA / TeVPA2013

Branching ratios

Decay branching fractions

1: I | I I I | I I I | I I I e [ I I E %
N bb WW 13
: 727 4
10 tELL - E J
g9 49 |
10'3 | i | | | | | | | | | N | | | | |
100 120 140 160 180 200
M, [GeV]

The LHC Higgs cross section working group:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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Higgs coupling to bosons 4

“arXiv:1307.1427 ATLAS """Es'tat)) Total uncertainty
_ o(sys

m, = 125.5 GeV o(theo) +t1ioconpu
H- vy +0.23 :
_ 15503 +0.15 T
__________________ Lo Tompods| )L
- vy, ZZ, WW seen at 7.4,6.6,3.8c  |"™"Pn #1603 | | T
High p_, u=172"1+05 F |
- Leptoni of Z’sand W’s Zjethigh s ;
eptonic decays mass(veF) M= '0cft06 | =
. . . . . :1.3+1.2
- Grand combination, including VBF | categories K712, [t0S !
. . * +0.33 :

or VH enhanced categories, yields =~ H—>2Z"—>4l | "~ —
. =143 :
for overall signal strength: | T esprota) )
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categories 17 “oel-00 | P
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+0. Ho WW* > viv - [£02! |
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. -018 L ] = AL] I RN
. 0+1 jet w=0827" 11020 A I
2 jet VBF w=1.477"1+05 ; |

Comb. H-syy, ZZ*, WW* 10-14
1 . +0.21 +0.15 T :
where p=1 is the SM expectation e N
0 1 2 3

\s =7 TeV [Ldt = 4.6-4.8 fb

David Berge / GRAPPA / TeVPA2013 \s=8TeV [Ldt = 20.7 b Signal strength (1)
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Higgs coupling to fermions ?

Is=7TeV,L<5.1fc" \s=8TeV,L<19.6 fb"

CMS Preliminary m,=125.7 GeV
P, = 0-65
H— bb -
- ttand bb at 3c and 2c at the n=1.15+0.62 g
moment .
H— 1t i.
- as expected, wait for Run 2 h=110+041
H— vy
uw=077t£027
H— WW =
u=0.68%0.20 :
H— 2z .
uw=092+0.28 :
IIIIlIIIIiIIIIlIIIIlIIII

2 2.5

0 0.5 1 1.5
Best fit GfGSM

CMS HIG-13-005
David Berge / GRAPPA / TeVPA2013 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Higgs properties

MAJdSS

My =125.7%0.3(stat) +0.3(syst)GeV
m . . =125.5+0.2(stat) s (syst)GeV

spin-parity 8 f TR CMS HIG-13-002
E I ,
2 008 ~wsaa | 0% clearly favored, other
Angularanalysis of H3zz34 ¢ | ‘ | combinationsdisfavored
3 0.06- ]
ok 1 byatleast97% in both
ATLAS and CMS!
0.02— _
020 5%
27 InL, /L)
production modes SR A ARSI
mn R e R H =
"E — Stat. E
: — Syst. .
Mo [ HHA——H E arXiv:1307.1427

3.3c evidence that fraction of
VBF Higgs events is not zero.

Is=7TeV [Ldt=4.8fb" 3

m - | H—H =
aghtH | g 's=8TeV [Ldt=20.71b" ]
E L AmAas E
mn - : H—=H 2011-2012 3
. l | my i 126.8 GleV ]
0 1 2 3 E 5 6

Signal h
David Berge / GRAPPA / TeVPA2013 ignal strengt
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Higgs coupling to dark matter

27

Direct search in ZH

2 leptons plus missing transverse energy

1-CL

ATLAS-CONF-2013-011

T ‘ T T T | T T T |

TE — Observed -

- Expected -
107 =
| ATLAS Preliminary ]

I ZH-ll(inv) i

\'s=7TeV, [ Ldt=4.7fb"

102 = \s=8TeV, | Ldt=13.0fb™ E
I |

0 02 04 06 o8 1
BR invisible< 65% at 95% CcL  BR(H=Inv)

David Berge / GRAPPA / TeVPA2013

Plus brand-new CMS VBF result shown at SUSY13:

BR invisible 69% at 95% CL (CMS HIG-13-013)
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1: “Standard” Dark Matter Searches at Colliders **°

SM Y SUSY:

High-p; jets from squark & gluino decays

- Leptons from gaugino & slepton decays

Missing transverse energy from LSPs

SM Y

jets/lepton

ETmiss

v+ X0

David Berge / GRAPPA / TeVPA2013



Where do we start? Q%,,/’q - 1
Huge parameter space, but guiding principles 9" strongsusy “s_g¢ @, Electroweak N\

production SUSY production

SUSY searches strategy driven by cross section and luminosity

10

o, [pb]: pp — SUSY

VS =8 TeV

Strong

production
(1+2 gen. squarks,
and gluinos)

m
z

200 400 600 800 1000 1200 1400 1600
m [GeV]

average

31



Natural SUSY searches

Search for 37 generation squarks,

leptons, b-jets, jets, missing Et

32

Probe SUSY as solution to the

hierarchy problem
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Status: SUSY 2013

II|IIII|IIII|IIII‘III\lII\IlIIL

ATLAS Preliminary

1
2L 1 — Wb'x
OL mono-| Jev‘c tag, T —c x
CDF 2.6 fb' [1203.4171)

—— Observed limits
All limits at 95% CL

Ly=20-21fb"1s=8TeV L, =4.7fb"vs= 7TeV 7]

OL CONF-2013-024
1L CONF-2013-037
2L CONF-2013-065
2L CONF-2013-048

| T 17T | T
int

0L [1208.1447]
1L[1208.2590]
2L [1209.4186]

OL mono-jet/c-tag CONF-2013-068

==== Expected limits

Liﬂl =471’

300

400

500 600

IIII|IIII|IIII|IIII|IIII|IIIIJIII{|II{I

700

m; [GeV]

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots

David Berge / GRAPPA / TeVPA2013
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Incl. searches

Natural SUSY

LLP + RPV

Extended
MSSM

ATLAS SUSY Searches” - 95% CL Lower Limits

ATLAS Preliminary

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

David Berge (GRAPPA) / TeVPA 2013

Status: SUSY 2013 [L£dt=(46-229)fb! +Vs5=7,8TeV
Model &M Ty Jets ET™ [Ldii] Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 20.3 m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM Tepu 36jets Yes 203 any m(g) ATLAS-CONF-2013-062
MSUGHNCMSSM 0 7-10jets  Yes  20.3 any m(g) 1308.1841
g4, q—>qX1 0 2-6jets  Yes 20.3 m(i})=0 GeV ATLAS-CONF-2013-047
BE. gaqul 0 26jets  Yes 203 m(i})=0 GeV ATLAS-CONF-2013-047
28, §—qati—qqWi] lenu 36jets  Yes 203 m(¥?)<200 GeV, m(F*)=0.5(m{¥})+m(z)) ATLAS-CONF-2013-062
EE, E—qq(EL/tv/w)ty e 03jets - 203 m(E?)=0 Gev ATLAS-CONF-2013-089
GMSB (7 NLSP) 2epu 24jets  Yes 4.7 tang<15 1208.4688
GMSB (7 NLSP) 127 0-2jets  Yes  20.7 tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y - Yes 4.8 m(i})>50 GeV 1200.0753
GGM (wino NLSP) Teu+y - Yes 4.8 m(¥?)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(P})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,p(Z) 0-3jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes  10.5 m(z)>107* eV ATLAS-CONF-2012-147
‘q'-';'r:i g—bb¥ 0 3b Yes  20.1 m(¥})<600 GeV ATLAS-CONF-2013-061
c,,"E’ FotEl 0 7-10jets  Yes  20.3 m(t}) <350 GeV 1308.1841
T E—tEl] O-ten 3b Yes 201 m(¥})<400 GeV ATLAS-CONF-2013-061
™ 0 B—bti] 0-1epn 3b Yes  20.1 m(¥?)<300 GeV ATLAS-CONF-2013-061
by by, by—bY' 0 2b Yes  20.1 m(i})<90 GeV 1308.2631
5151 b -t 2e,u(S8) 03b Yes 207 m{E7)=2 m(i?) ATLAS-CONF-2013-007
#u(light), f1— b¥T 1-2ep 12b Yes 4.7 m(i})=55 GeV 1208.4305, 1208.2102
q T (light), {— th 2e,u 0-2jets  Yes 20.3 m(¥Y) =m(%,)-m(W)-50 GeV, m(f;)<<m(F;) | ATLAS-CONF-2013-048
# b (medium), F -t 2epu 2jets Yes 203 m(¥?)=0 GeV ATLAS-CONF-2013-065
+H t1(med|um) 1 Ab,l’l 0 2b Yes  20.1 m(¥1)<200 GeV, m(¥i )}-m(P!)=5 GeV 1308,2631
% 1 (heavy), tl—pt;(a 1eu 1b Yes  20.7 m(¥3)=0 Gev ATLAS-CONF-2013-037
& Ty (heavy), G-t 0 2b Yes 205 m(i})=0 Gev ATLAS-CONF-2013-024
B, f ety 0 monodet/c-tag Yes  20.3 m(E)-m(¥1)<85 GeV ATLAS-CONF-2013-068
# ti(natural GMSB) 2e,pu(2) 1b Yes 207 m(i})>150 GeV ATLAS-CONF-2013-025
b, b+ 2 3e,pnl(Z) 1b Yes  20.7 m(f)=m{¥3)+180 GeV ATLAS-CONF-2013-025
by g, E—CF] 2epu 0 Yes  20.3 m(i})=0 GeV ATLAS-CONF-2013-049
= E;j{j*a?v(m 2epu 0 Yes 203 m(¥})=0 GeV, m(Z, #=0.5(m(¥7 )+m(i}) ATLAS-CONF-2013-049
= § XXy, Xy —tv(e9) 27 - Yes 207 m(¥1)=0 GeV, m(%, #)=05(m(¥; )+m(F})) ATLAS-CONF-2013-028
ws xlx —.ELyf&t’(w) 5L L(v) 3 eu 0 Yes 207 m(F5)=m(F2), m(¥$)=0, m(Z, )=0.5(m(¥; )+m(¥})) ATLAS-CONF-2013-035
Xlka—b WY, ZXEI 3epn 0 Yes 20.7 m@ff)=m@fg). m@f‘;)=0. sleptons decoupled | ATLAS-CONF-2013-035
Xi¥s— Wi hii Tepu 2b Yes 203 m(¥;)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct ¥1 77 prod., long-lived k7 Disapp. trk  1jet Yes  20.3 m(F5)-m(FY)=160 MeV, 7(¥;)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g R-hadron 0 1-5jets  Yes 229 m(¥1)=100 GeV, 10 ps<7(g)<1000 ATLAS-CONF-2013-057
GMSEB, stable 7, ¥1—7(&, fi)rr(e,u) 124 - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
GMSB, By &, long-lived &5 2y - Yes 4.7 0.4<r(i7)<2 ns 1304.6310
g4, )(l—bqqp (RPV) 1 u, displ. vix - - 20.3 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, ¥r—e 4 u 2eu - - 4.6 A54,=0.10, 413;=0.05 12121272
LFV pp—ic + X, #r—e(u) +17  lep+t - - 4.6 Ay;,=0.10, dy(2)33=0.05 1212.1272
> Bllmear FiPV CMSSM e 7 jets Yes 4.7 m(§)=m(g), crysp<1 mm ATLAS-CONF-2012-140
& X]'_){l ,X —DW/\.’% X6—>eevw euve deu - Yes 20.7 m(/i}?):-aoo GeV, 12,>0 ATLAS-CONF-2013-036
X1kq X1 oW X —trie, et9, Seu+T - Yes 20.7 m(¥1)>80 GeV, A133>0 ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tit, i—bs 2e,u(SS) 0-3b Yes  20.7 ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 | sgluon incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon— tt 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147



So what?

Can still search for pairs of “ISR-tagged” dark-matter
particles, not particular SUSY signatures

squark, gluino

1

I
| Am = missing E;!
I
I

Mass

LSP / Neutralino

Amount of missing E; depends on mass difference!




2: Dark Matter Pair Searches at Colliders

Everything else

I

| Am very large
|

T s

Dark matter
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Nada! Set limits... 38

CMS EXO-12-048
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CMS mono-jet, 20 fb™! at 8 TeV

David Berge / GRAPPA / TeVPA2013
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Nada! Set limits...

arxiv:1209.4625
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ATLAS mono-y, 4.6 fbt at 7 TeV

David Berge / GRAPPA / TeVPA2013


http://arxiv.org/abs/1209.4625
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Nada! Set limits...
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Suppression scale M« lower limits

2 12001 ATLAS —
o [ i
E-k | \s=7 TeV i
o 1000 __JLdt =471 ~
T i i
(&)
) i i
= 800 —
(e e I T e .
7 B i
a e 3 .
‘g 600~ " 7]
% | Operator D5, SR3, 90%CL "\« i
400+ - -- Expected limit (£ 16, ) —
- — Observed limit ( 16,,,,) ]
200 :— — Thermal relic :
1 | L1 1111 I | | I I | | | 1 | I I | I
1 10 10? 10°

David Berge / GRAPPA / TeVPA2013

WIMP mass m, [GeV]

arXiv:1210.4491

M. fixes coupling SM-y,
Couplingfixes annihilation cross
section y to SM

Relic density (WMAP) corresponds to
Cross section

Probe thermal relic dark matter
particle at LHC!

Red above green line: conflict!
— Exclusion for this operator, or

— Additional annihilation channels
(leptons!), or

— Wrong assumptions


http://arxiv.org/abs/1210.4491

Dark matter contact interactions
ATLAS \s=7TeV, 4.7 b, 90%CL

‘_— XENON100 2012 b1 qq—> 1(XX)
| ---- CDMSI! low-energy D5: qo— j(xx) i
Dlrac |

—— D11: 99— j(XX)

Dirac -

Dlrac

..., SPin-independent

2 3
10 10 10 See also future
WIMP mass m, [ GeV ] sensitivity study for

T Snowmass:
LHC 14 TeV 2021 (300 fb!): x 20 to 100 x 300 to 1000f arXiv:1307.5327

arXiv:1210.4491 T
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Dark matter contact interactions
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Dark matter contact interactions
?quLAS. \s=7TeV, 4.7 fo! , 95%CL
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News from the LHC
"Astroparticle Physics at the LHC”

David Berge (GRAPPA, Amsterdam)
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Summary
* LHC in shutdown, preparing for 13-14 TeV in 2015

e Establishing contact with Astroparticle Physics
community

* New boson for now very similar to SM Higgs

- Run 2 will tell us about the other couplings (fermions!)

- Measuring all Higgs properties will take long, potentially a
new machine (self coupling!)

* We are going after the dark, so far without success
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