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1. Standard Steps for
SUSY Searches at Colliders
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Setup Masses & Couplings

Example in Minimal Supergravity Model
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Production Mechanisms (1)

» How are these Sparticles produced?
: GlUiHO pairs: « Gluino+Squark pairs:
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* Chargino pairs:
* Squark pairs _.
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Production Mechanisms (2)

* \What are the cross sections?
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» Obtained with Prospino (include NLO-QCD corrections)
» They determine which Sparticles are accessible and the hierarchy in their search
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Decay Modes

e Squarks:

e Gluinos:

Branching Fraction’

Branching fraction

e How do these S.D?‘.r.ti(?.l?’.s .d.e.c.a.\.’.?.

1.0 __éT_-ru'i

Branching fraction
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» Search topologies are chosen wrt to some decay chains
* In RPC searches the phase space is limited by a AM
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Search Topologies

« What are the search topologies?

b b
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Useful Kinematic Variables

* Pseudo-rapidity:

pree = Zp (reco'd object)+ p, (non — associatedcells)

objects

pmiss Zp (reco'dobject)+ p, (non —associatedcells)

objects

Ap(Jets, E;) |-

« Angular distance in space:

0
—Log| tan—
g( 2)

AR=/(A7) + (Ag)’

. Missing Transverse Energy:

| =E;

= EP*= /7" + (0*Df

.
[NJ

* Total Transverse Energy & Effective Mass: H — Z
These are scalar sums, not vector sums T P

Lower bound helps reduce ErTniSS from jets mis-measurements

Megr = Hy + 5
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2. One Example of Direct
SUSY Search at Collider
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Jets+mET Analysis (1)

G
Js =7Tev D L=1.04 fo ]

Dataset. Data Quality:
* 2011 p+p collisions » Remove bad £ blocks

_ « Remove evts w/ bad jets
Trigger: « Reject evts w/ cosmics or noise

« LVL1: multijets
« HLT: 555 or 645
» Performance: €=99%

Object ID:
* Jets: L
« anti-ky, AR=0.4 . 99 ; fﬂ
* pr > 20 GeV E qq g Ly
 Inf<2.5 8 TN
e: medium, p; > 20 GeV, |n|<2.47 3 B
e isolation: Hx(tracks) (AR=0.2)<10% p+(&) || 2jets |GG G- -
w: matched, p; > 20 GeV, [n|<2.4 S N
w isolation: H(tracks) (AR=0.2)<1.8GeV q

\eto isolated e or p
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Jets+mET Analysis (2)

Main Background Processes:

o« Z+jets: especially Z(=>vv)+jets

» W+jets: especially W(—=>1v)+jets or W(—>e/uv)+jets w/ missed e/u
« QCD multijet

Background Estimation:
« Evaluate each process in a « Control Region » (5 CRs x 5 SRs)
« Extrapolate the CR to SR using transfer factors:

Estimate Signal Sensitivity:
* Profile log-likelihood fit (with correlated systematic uncertainties and CRs cross-
contamination)

* NB:
— SR: Signal Region. A region of phase space where the signal yield is large.
— CR: Control Region (for a given background process). A region of phase space where
largely dominated by the contribution of the considered background process.
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Jets+mET Analysis (3)

Signal Region | = 2-jet | = 3-jet > 4-jet | High mass
s > 130 | = 13 > 130 > 130
Leadingjetpr || > 130 | > 130 > 130 = 130 ‘
Second jet pr >40 | =40 > 40 > 80
Third jet pr - > 40 > 40 > 80
Fourth jet pr - —~ = 40 > 80
Ad(jet, PPy |l > 0.4 | > 0.4 > 0.4 > 0.4
E™SS (o > 0.3 | >0.25 > 0.25 > 0.2
Meafy > 1000 (> 1000 | = 500/1000| = 1100

Optimize for SUSY
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Jets+mET Analysis (4)
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Two control regions are used:

E +“‘*;~I+I ! H- ............ ]L ..................... g
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- v + jets, where the photon is added the the E.™**
- Z( - I)+jets, where the leptons are removed (-

E_miss)
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Jets+mET Analysis (5)

W+jets and top BG

W C Top CR

} _II'|'rII"'|II"r|II'I|IIrlll"rll } E_____I.|____..|.|_.|.I.|.|...I..11111-1|
g 1|:|"._ : :g::ai:_-:l; s = 7 Tav) 3 i ® [ata 2011 [is =7 TaW]

g .;.4? IL de=t0ath’ T S ol J'Lm 104 Eml{ﬂﬂﬁjﬂ

— 1 +jets = W jute

w F  ThresJot Channel ga Thre= Jet Ghanrel "

E - Rl i
£ o [ A . e nale e MC normalized to
| E w000 SM1 4 SUNGED,280,0,190) 5 g ----- S 4 BILNGED,240,0,100 |L,II'I"III"ICI'5il}"
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JES, JER, MC stat uncert.

- Select 1-lepton events with 30 < m_ < 100 GeV

- Split the top from W by asking for no b-tagged jet (W) or at least one
b-tagged jet (top)

- Treat the lepton as a jet (for MET calculations, Meff, jet cuts...)
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Jets+mET Analysis (6)

QCD BG

= 10 L B B R
5 * Data 2011 {15 = '-'Ts-‘-']
S 10° _[L di = 1.04 5" Dggﬂhum
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E 10 S Seain 10
107
107
102
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2.5 =]
: E f H H T
= )| “— ..-h - m
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Data-driven background estimation:
- Reverse and tighten the cut: Ag(jet, E,™==) < 0.2

- Transfer factor computed using pseudo-events obtained by
smearing low-E ™= events with the jet response function
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Jets+mET Analysis (7)

QCD multi-jet

0.22+0.00+0.24

092 +0.12+ 046

M+ 21+ 29
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f m, , [Gev] My ['39'"'\
p / Signal Region \
rocess
/ _ > 4-jet, = d-jet, N
> 2-jet > 3-jet High mass
Me = 00 GeV e = 1000 GeV

Zly+jets 323+ 26+ 69 | 255+ 26+ 49 209+ 9+ 38 | 162+ 22+ 3.7 33+ 1.0+ 1.3
W+jets 264+ 40+ 6.7 | 226+ 35+ 5.0 349+ 30+ 122 | 13.0+ 22+ 4.7 21+ 08+ 1.1
11+ single top 34+ 16+ 1.6 59+ 20+ 22 425+39+ 84 40+ 13+ 2.0 57 18+ 19

210+ 0.37 £ 0.82

Total

624+ 44+ 93

549+ 39+ 7.1

1015 £ 41 + 144

339+ 29+ 6.2

131+ 19+ 2.5

Data

58

59

1118

40

13

95% CL limits on cross section - acceptance - efficiency:

22 fb, 25 th, 429 tb, 27 fb and 17 fb
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Jets+mET Analysis (8)

Event w/ highest M. found

5 jets with pt > 40 GeV:

pT =528, 418, 233, 171, 42 GeV
mET = 460 GeV

M.+ =1810 GeV (4 leading jets)

ATLAS

E_EXPERIMENT

Run Number: 183021, Event Number: 66383304

Date: 2011-06-03 11:01:56 CEST

14/08/2014 "Introduction to Experimental Searches", S. Muanza

18




Jets+mET Analysis (9)

Souark-gluina-neubralineg mods], mﬁ?j = 0 Gev

FEIIIEI LN :l_lllll:lﬂ_“15
g 1 @ beplon 2007 gagmidread
= e il — L, drmaed B G i
% 1. ===- GL, medinn axpacied imit
E I\ Expecied limit 21a
= 1500 T —— 2010 gala POL 55 G Imit]
1 o [dre 1 s Ty
T
“12e0 ] ’ —]
-.\" gy = 007 pii]
1000 T -
3 4
= =—
' L .=
75D E My e = 0.1 FE'_:
s .-1"1;';.
500
250

O 250 500 750 1000 1250 1500 1750 2000
gluino mass [Gey)

- gluino and squark masses below 700 GeV and

875 GeV are excluded (for sguark or gluino

masses below 2 TeV)

= limit at 1075 GeV for equal mass squarks and
gluinos
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SUSY Searches: ATLAS Summary

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Stalus: SUSY 2013 JI dt=(46-229) fo! \E =7,8TeV
Model BTy Jets ET [Lofi’| Mass limit Reference
MISUGRA/ICMSSM 0 265 Yes 203 m{gl=m(E) HILAS-CONF-2013047
MSUGRACMSSM tew 36jels Yes 203 anymig) ATLAS-CONF-2013:062
MSUGRACMSSM 0 Tljes Yes 203 anymigl 13081841
i, gl 0 26kt Yes 203 ii0GeV ATLAS-CONF-2013:047
22, E-qily 0 26kt Yes 203 m\f’wsev ATLAS-CONF-2013:047
é i gﬂq\qﬁ%quff; ley 36 Yes 203 fEf<au0Gen i pasmiilng) | ALASOONF213062
EE, g-qql(CI0vm )Ty ey D3ps - 203 =06V ATLAS-CONF-2013-069
©  GUSB (i NLSP) e djEls Yes 47 tande15 1208.4688
§ GMSB (7 NLSP) 12r  D2jels Yes 207 tang>18 ATLASCONF-2013026
S | GGM (tino NLSP) 2y C Yes 48 A5G 12080753
£ | GGM wino NLSP) Teusy - Yes 48 (F50GeV ATLAS-CONF-2012-144
GGM (iggsino-bino NLSP) T 1h  Yes 48 il)>220Ge 12111167
GGM (higgsing NLSP} Zeu(Z) 03 Yes 58 {f}200GaV ATLAS-CONF2012-152
Graviing LSP 0 monojel Yes 105 mEe10 eV ATLAS-CONF-2012-147
5:; ] g-bﬁ?" 1 3b Y 201 |E 12TeV i} <6a0Gev ATLAS-CONF-2013:061
u.é ot 0 M0 Yes 208 |E 11TeV n(f) <350Ge 1308.1841
T ggmj Olew  3b  Yes 201 |E 134 TeV i} <400Gev ATLAS-CONF-2013:061
e F-bify Olew  3b  Yes 201 |& 13TeV miF}<300Gev ATLAS-CONF-2013:061
By, iqbff 0 26 Y 2t B 100-620 GeV il)eo0Gev 1308.2631
ag bb,b-th 2eu(88) 036 Yes 207 iy 275430 GeV iz miil) ATLAS-CONF-2013007
g i (ight], hsbi] f2ep  12b Vs 4T |h 105i6TGEN m;?:’ﬁsmv 12084305, 1209.2102
ikifight), rﬁan Zepy D2 Yes 203 b 130-220 GeV m:m iy bl WS GeV, mifyJeem(F]) | ATLAS-DONF-2013:048
HEy{medium), :.—.m 2ep 2@ Yes 203 |y 225525 GeV' m:hHlGeV ATLAS-CONF-2013-065
c§ hhfmedum) qaml 0 26 Yes 201 [§ 150-560 GeV' mm@unaw il mii 5 Gev 13082631
&5 ity heavyl, q—u fep 16 Y 207 E\ 200-610 GeV mbhj:UGsV ATLAS-CONF-2013037
p O hhpeay), Bty 0 26 Yes 205 [h 320-660 GeV miii0Ga ATLAS-CONF-2013024
@8 bk bk 0 monoeleagves 203 | 90-200 GeV mmmi"lasﬁw ATLAS-ONF-2013-063
i By(nalural GMS8) ZeplZ) 1b Y 207 | 500 GeV i J)|§DGW ATLAS-CONF-2013025
B, b+ 7 Sepld) b s 207 |h 271520 GeV il =mfit}+180 GeV ATLAS-CONF-201325
Iplug, foti Zey 0 Yes 203 |F 85315 GeV e ATLAS CONF-2013049
i i 2e 0 Yes 203 ¥ 125-450 GeV mmmsev mif, =0 SCm\lmmm]J ATLAS-CONF-2013-049
2 g 2r - Yes 207 | 180-330 GeV' m{FY}<0 G\, m{, 70 5im(F; MM ] ATLAS-CONF-2013:028
lu'l‘) mrmf f(rv] G () Jep 0 Yes 207 |ER i} j=mit), miEd0, mif F=05mT pmF)) | ATLAS CONF-2013038
me il Jep 0 Yes 207 E}Jj 315 GeV m{f =miis], mii =D, skptons dscoupled | ATLAS-CONF-2013:035
- WihT Tep 2b  Yes 208 f’%-", 265 GeV' m{f; femiTo}, miE})0, sieptors decoupled | ATLAS-CONF-2013:090
‘é Dirct iy 1 pog. onglived /7 Dsappte  1jet  Yes 203 | 270GeV =t (fl)=020s | ATLASCONF 2010069
25 Stable, slnppengﬁhanmn 0 15l Yes 229 |& 832 GeV m{i11=100 GeY, 10 pser(F)<1000 s ATLAS-CONF-2013:057
& Guss bl T~ o) 120 BTT iy LA CONF 20134068
5 g, Ty, ong-lveg 1] ¥ Yes 4T derfii)eans 19048310
= 4, -gq (AP Ty dsplvix - -3 15 <cr<156mm, BAu)=1, mii1}=108GeV | ATLASCONF-2013:052
LFV pp—7, + X, Fr—e a0 2ep - - 4 1y, =10, L0 05 sraiam
LFV ppsii: + X ioeln) +7 Tepsr - - 46 =010, dypzy=0.05 12121272
> Biinear RPY CMSSM tew Ts Yes 47 (gm(E], crugo<t mm ATLAS-CONF-2012-140
& W] E e, e, 4 Yes 207 06, o0 HILAS-CONF 2013455
B 0y 0y =W, P e, e, Jepit Yes 207 T80 GeY dys0 ATLAS-CONF-2013035
2000 0 BTEs - 203 BR|L)BAIbl-BRIc)0% ATLAS-CONF-2013491
g=ht. f=bs 2eu(SS) 036 Yes 207 ATLAS-CONF-2013007
Q0 Scalar gluon pair, sgiuon—qg 0 dfls - 48 incL ini hom 1110.2693 12104826
Scalar gloon par, sguon—+tf ~ 2eq(SS) 16 Yes 143 AILAS-CONF-2013:4051
WIMP interaction (05, Dirac ] 0 monojel Yes 105 miy)<B0 GV, i of<B37 Ge for DB ATLASCONF-2012:147

M|
V5= 8TeV o

*Only a selection of the available mass limits

ew stafes or phenomena is shown. All

(M. >1.7TeV (M. =M.

its quoted are observed minus 1 theoretical signal cross section uncert

Mass scale [TeV]

Jlight %)

TM >1.18TeV (M; <2TeV, light Xl)
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3. Complementarity between
Hadron and Lepton Colliders
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Main Features structures the beam bunches

D ir ' Main Lina
Main Linac ,ﬁT"g, Rlng_sal hazhii ol

Electrons

Solrce 21km \
Deteclors
Beam Delivery Systems L., =2x10*cm™s™
Advantages:

— - Very clean and flexible environment:
accelarating niobium cavities « tuneable E: M < /s <500 Gev (Phase I: ~500fb-1)
M <a4/s <1Tev (Upgrade = Phase II)

« polarized beams:~  p(e ) < 80%

P(e') <50%

* low rate: 15-30 kHz

* sensitivity to virtual effects

Drawbacks:

» large yy background (0.1 evt / bunch X)
«10% evts W/ /s’ <+/s
*monitor accolinearity of Bhabha’s
to estimate /s~
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Detector Concepts

Global Detector Concept

[ Main Tracker
Bl EM Calorimeter

.= cosstep
Bl !ronYoke

i i
{'{0.455
ST I,_—\Y___ A
2328

4.5 7.5

1 Muon Detector

E E?;Icr‘:tr;tCaloﬁmew [] Endcap Tracker B:35 T
« Triggerless Mode » Collider: Typical Requirements:
-Low rate enables: » Inner Tracking: N
» No hardware trigger « Vertex Detector: o ( }/pT) = CE
» Just a software-based « Outer Tracking: & =5um®10um-sin®’ g
trigger for loose filtering
- Calorérlr\}lettry: o 17%
' E Je
« Jets: o. 30%
E Ve
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SUSY Measurements

m [GeV]|Am [GeV]|Comments
]'Ell 176.4 0.55 simulation threshold scan , 100 fb~!
Y| 378.2 3 estimate YT, spectra ¥i — Z%5, Wi
Y| 96.1 0.05 combination of all methods
Y9 | 176.8 1.2 |simulation threshold scan ¥9%3, 100 fb—!
9| 358.8 3-5 |spectra Y3 = Z{V. XoX3, Xav: 750 GeV, > 1000 fb~!
Yi| 377.8 3-5 |spectra 31 — W5, ¥oxd ¥9x4, 750 GeV, > 1000 b~
erl| 143.0 0.05 e e threshold scan, 10 fh~!
er | 202.1 0.2 e~ e~ threshold scan 20 fb~"
7. | 186.0 1.2 simulation energy spectrum, 500 GeV, 500 fb~"
fir| 143.0 0.2 simulation energy spectrum, 400 GeV, 200 fb~"
jir | 202.1 0.5 estimate threshold scan, 100 fb~" [24]
71| 133.2 0.3 simulation energy spectra, 400 GeV, 200 fb™'
72| 206.1 1.1 estimate threshold scan, 60 fb~=" [24]
{,| 379.1 2 estimate b-jet spectrum, m.;,(f), 1TeV, 1000 fb~*
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1200

800

400

-= g+ e- 2 chi01/fb

g+e- > sel+ sel-

Thresholds & Edges Measurements

140 |
120 |
100 |
80 |
60 |
40 |
20 |

40

Selectron guantum numbers: unpolarised e+

‘HQ + ;%%Rm i efe+_)~+~ N + —~o0~0
+‘ﬂ¢+***‘+»++ﬂﬂ+, Shbd REL TP MM, B XX,

L=200 fb!

-
=
1 1

80 120
lepton energy E, [GeV]

Beam Polarization

Selectron quantum numbers: P(e-)=+90%

L
WE = 500 GeV

300 . . .

WE = 600 GeV

250 F

200 f

ERER
150 | et e

-> e+ e- 2 chi01/fb

100

50

-0.5

e+e- -> sel+ sel-

0 0.5 1 -1 -0.5 0 0.5
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Threshold Scans

Sharp production thresholds

200

150 | y

 [fh]

100 | f
/

a0t '(

| gl
|:| ki i |JI|||-||I":.-|_||||I|||| il
200 400 GO0 &00 1000
V7 [GeV]

+ =0 =l
eTe” — X X;j

EDEIdDDEiDD LéDD” “Lﬂﬂlﬂu L‘LEEIIIZI

> E scan gives good sensitivity M(FS)

Eer pc;nl;

Numnber of Events 20 fo™
g §
\
g
&
a
H

g

B8
T

Chargine plus h-uckgmuy*

€. > X, X

[ L=100 fb!

Ecms (Gey)

~ 4~ — ~0—~o0

¥ + -
a —> T T Vrvrxlxl
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MSUGRA Fit

SFitter

mspsia LHC LC LHC-LC msps;a LHC LC LHC=LC
h 111.6  0.25 0.05 0.05 H 399.6 1.5 1.5
A | 399.1 1.5 1.5 H+ | 407.1 1.5 1.5
o | 97.08 48 0.5 0.05 X 1829 47 12 0.08
X3 | 3492 4.0 4.0 X3 3703 51 40 2.3
i | 1823 055  0.55 x5 | 370.6 3.0 3.0
7 615.7 8.0 6.5
t1 411.8 2.0 2.0
by | 5208 75 5.7 by 5504 7.9 6.2
a1 | 551.0  19.0 16.0 i 570.8  17.4 9.8
d, | 5499 19.0 16.0 d, 576.4  17.4 9.8
i | 5499  19.0 16.0 35 576.4  17.4 9.8
g | 551.0 19.0 16.0 Go 570.8 174 9.8
g | 1449 48 0.05 0.05 Es 2042 50 02 0.2
i | 1449 48 02 0.2 fia 2042 50 05 0.5
= | 1355 65 03 0.3 75 207.9 1.1 1.1
7. | 188.2 1.2 1.2

SPS1a  StartFit LHC Apuc LC Ape | LHC+LC Arpc+rc
Mo 100 500 | 100.03 4.0 [ 100.03 0.09 100.04 0.08
My /2 250 500 | 249.95 1.8 | 250.02 0.13 250.01 0.11
tan 3 10 50|  9.87 1.3 998 0.14 9.98 0.14
Ay -100 0] -9929 318 | -98.26 4.43 -98.25 413
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4. One Example of Indirect

SUSY Search at Collider
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B2uru (1)

A
A
g

A

Y

Y
Y

In SM B,—p*p is suppressed (need FCNC)
SM predicts BR@B; »>p'p)= (3.35+0.32)x10°°

Ref: M. Blanke et al., JHEP 0610 (2006) 003

SUSY can enhance BR by 1 order of magnitude
b MSSM u*

HYA°

S ~ tan®p H

A key early measurement for LHC

1M oc

o

2

tan3[3
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B2putu~(2)

‘:3 ::: B, B, _CDF Er:f;::jg;‘; o’ CDF Result: No excess seen
§ 30 8
§2 ; [ L=3.7 fbl
'-E 10 :
S ob—74 3 55 57 55 335 -
M GV {BR(BS — ') <4.3x10° (95%CL)
- T T R 9
i T BR(B, - p'n)<7.6x10° (95%CL)

3 E

2 E

31 E Aug 2009

£ o =

T 4 -

E 2E 3

5 oE s. s D0 Result: No excess seen
M’ [GeVic?] a

ﬂ._‘-_‘ 10: T T T T T T ] [ L:61 fb-l

> JFE B, B, 0.995<v, <1.0 3

= = . J

T of =

i3 E BR(B, > u'n)<5.1x10° (95%CL)

5 ok 78 3 52 57 56 58 - Jun 2010

M ' [GeVie’]
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B2uu (3)

* ATLAS & CMS:
* n,J<2.5, £=1033% cm?s7!

» Single & di-muon triggers
* LHCD:

* 1.9<|n J<2.5, £=2x10% cm?st
 Low p; trigger (sensitivity to c,,, 2.3 larger than ATLAS & CMS)
« Evt Selection:

» based upon several variables, including M,
» mass resolutions: 90 MeV (ATLAS), 53 MeV (CMS), 22 MeV (LHCDb)

—a—LHChb]
CMS |
-~ Expected CDF + D0 (8fb™) -
E ............................... E
Na] =
_,a 10 ] _-:;'-
b —) A !
<! - ="'
2" —— S — am |
" g g T A L L PR S h
S = ]
= I n !
1 i - ; . b — T T 1 T T ; T | -
00 05 10 x 15 50 ) 1 2 3 4 5 & 7 8 g _!'U
. 1 73 L’ L")
CMS: 1fbt (incl. syst.) £ ¥/
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B2utu~(4)
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E A0, 1>0 7
G tanB=40 i
S - ‘ .
- O O 6 .
P z ": g m
e [ e 1
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B2utp~ (5)

- Epiloque -

_ . » LHCD: Finally observed this rare DK mode!
[ B wwemerging | » 2011 & 2012 Datasets:
25 LHCh *resp. 1.0 & 1.1 fb!

100 (TTeV 0,0 i ATV

S resp. 7 TeV & 8 TeV

Candidates / (50 MeV/c%)

4 [BRB > u)=@217)x10°)

LHCh 3

10 CTEeV 1L ATV ] - -
“ w0 1@ FIttInO:

. 20 85% CL LHG, mh,=120(ie'u' 6000 NUHM1, LHC, m =126GeV
RSy — 1D 8% CL LHC, m =126GeV [ < Ervircnnn i Sy

Candidates / (30 MeV/eD

Figure 6: Left: Parameter distributions for the LHC+m;, fit of the NUHMI with the 1-dimensional ¢ in

= red and the 2-dimensional 2¢ in blue, and the best fit point marked by a star. Right: predicted distribution

o = e} [Mewfﬁm of sparticle and Higgs boson masses from the LHC + m, fit of the NUHMI,

aE
¢ o SPRING 2012 22 Enirenmart SPRING 2012
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5. One Example of
Non-Collider SUSY Search
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Evidence for Dark Matter

Galaxy Rotaion Curve

- - - - T T T T I T T T T | T T T T
» Spiral galaxy rotation curves are incompatible 150

w/ only visible matter contributions
Ref: F. Zwicky, Helv Phys Acta 6(2) (1933) 110-127

NGC 8503 .

> ——¢ —x A
@ %'\'1
> B
5 Expected \5\_4 Radius (kpe)
S =
GM(r) 3 \
'U = / w\w;,
r K

Distance from center of galaxy —>

» Other indications:
» Clusters and Super-Clusters (gravitational lensing, X-rays,...)
» Large Scale Structures (formation)
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Main Properties of Dark Matter

» Its composition cannot be explained by SM particles
« Features of the « Usual Suspect »:
» Massive: compatible w/ measured QQ.., « Cold Dark Matter »: 3 < 0.1
 No electric charge (Dark)
* No color charge (no bound states found in exotic nuclei or atoms)
* Only interactions: Weak & Gravitational
 So-called WIMP: « Weakly Interacting Massive Particle »

« SM Particles:
* Neutrinos:
« Hot Dark Matter (3>0.95): not suitable to explain properties of galaxies

« SUSY Particles:
« Gravitino: when LSP: in general too light => Hot Dark Matter
» Sneutrino: large annihilation ¢ (=> mass > 500 GeV), too c,,(sneutrino+N)~O(fb)
« Lightest Neutralino: ideal candidate
« or even Axion, Axino (SO(10)-inspired)
 Other BSM candidates:
* LKP (ED), LTP (LH), branons, black holes,...
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Dark Matter Searches: Two Methods

 Direct Detection:
Look for DM+N interactions => nuclear recoil

» Indirect Detection:
Look for SM particles (e, e*, y-rays, v, p) produced through DM annihilation processes

thermal freeze-out (early Univ.) direct detection
indirect detection (now) —- = thermal freeze-out (early Univ.)
> _Z indirect detection (now)
S 3 >
T S s (23
c DM SM o A & = o =
o Qo O O
i) c -~ 3 c DM SM
Q e o N o
Q = T o =
— @] [ Q
Q -] @ o D
= o & —
— o)) = - D
% (“; o — ©
= =] 28 =
© DM SM % 2= % . o
{ (_'_{; : Cg é c A ¥
=~ = .
production at colliders = -

production at colliders
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Dark Matter Searches: Direct Detection (1)

Search Hypotheses

1. DM forms a static halo in the galactic rest frame
« The sun rotates at 230 km/s around the galactic center
« The earth rotates at (230+/-15) km/s => annual modulation
DM elastically scatters on ordinary matter
3. 10 GeV <m(WIMP) <10 TeV
=> nuclear recoil E: 1-100 keV

I

= _- Dritthl
lonization .

Zeplin lll, Xenon10,

COMS, . ge - Xenon100, Lux,
Edelweiss-l| "\.Ge, . F:O‘T:s'/ Deap/Clean, WArP, ArDM
Cuoricino (Cuore) - 3
 Heat: phonons in crystaline lattice structure
Heat Light . ! .
cawa, « lonization: free electrons in materials
— 5 500 M scrnistors™ pau « Light: scintillation in materials
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Dark Matter Searches: Direct Detection (2)

XENON-100 Experiment

A ELTJF[JJL(JL]JH
(ASa[E8 S| 4 SRR

| geEmBEnnLl
EEesnsC
y L

e Location:
LN Gran Sasso

* Detection Technique:
* dual phase Xe detector + PMTs
 prompt scintillation in liquid
* jonization => proportional scintillation in gas
 Phase 1 (05-07): 10 kg target mass

» Data samples:

|

|

* Phase 11 (08-10): 100 kg target mass, bkgd/100  Wims/Neutrons

nuclear recoil

«190.4 kg-day | wiMP it time )

. . S1 S2 \ —<
« S1: scintillation T [0
- [ |
In LXe (bottom) \&;
« S2: top ionization sdsshais: R
|n GXG (tOp) >, electron recoil

| (82/81)mmp << (82/51)gan=n]e
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Dark Matter Searches: Direct Detection (3)

WIMP-Nucleon Cross Section [cm’]
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6. Putting Together
Constraints on SUSY
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SUSY Global Fits (1)

 Versions of SUSY filts that include the non-accelerator constraints

Indirect constraints on Mggy from existing data?

e Electroweak precision observables (EWPQ) ?
e B physics observables (BPO) 7

e Cold dark matter (CDM) 7

= combination of EWPO, BPO, CDM ?

EWPO My @ information on mg, mg or My, tang or . ..

$0r My and/or Mg, My,

BPO BR(b — sv) : information on tan g and/or Mg+ and/or my, Mg+

EWPO (g — 2), : information on tan3 and/or m

CDM (LSP gives CDM) : information on Mo and mz or M4 or ...
1

= combination makes only sense if all parameters are connected!
= GUT based models, ...
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SUSY Global Fits (2)

2 calculation:

— global x?2 likelihood function
combines all theoretical predictions with experimental constraints:

N 2 M obs _ rfit 2
L2 (C; — F) (-rSM?- ISMi)
LT ; a(Ci)? + o (P;)? 2 o(fsm,)?

1

N: number of observables studied

M: SM parameters: Aapag. me, My

C;: experimentally measured value (constraint)

P;: MSSM parameter-dependent prediction for the corresponding constraint

Assumption: measurements are uncorrelated - fulfilled to a high degree
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SUSY Global Fits (3)

» Tools: http://www.cern.ch/matsercode
Status of the “MasterCode’:

— one model: (MFV) MSSM (see below)

— tools included:
— B-physics observables [suFla]
— more B-physics observables [Superisol
— Higgs related observables, (g — 2), [FeynHiggs
— Electroweak precision observables [FeynwWZ]
— Dark Matter observables [MicrOMEGAs, DarkSUSY]
— for GUT scale models: RGE running [SoftSusy]

= all most-up-to-date codes on the market!
— added: X2 analysis code [Minuit]

— currently being implemented:
— Higgs constraints (for XQ contributions . ..) [HiggsBounds]

14/08/2014 "Introduction to Experimental Searches”, S. Muanza

44



http://www.cern.ch/matsercode

SUSY Global Fits (4)

Best-fit points:

CMSSM:
mq /o = 310 GeV, mg = 60 GeV, Apg = 130 GeV,

tan3 =11, p = 400 GeV, M4 = 450 GeV
x2/Ngos = 20.6/19 (36 % probability)

= very similar to SPS 1a :-)

NUHM1:
mq/o = 270 GeV, mg = 150 GeV, Ag = —1300 GeV,

tan3 =11, p = 1140 GeV, M4 = 310 GeV

(similar probability)
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SUSY Global Fits (5)

LHC (CMS) @ CMSSM analysis:
™ 100

LHC (CMS) @ NUHM1 analysis:

tanf=10,A,=0, u>0

CMS preliminary
\s=7TeV

Hadronic search, 95% C.L. curves

700
e L =1000/pb
600
= | =100/pb :
CME-NOTE-2010-008
500
400
full CMSSM
300 parameter space
200 %CL. Ma5TERcoge
95% C.L.
100
Loy T e Rt s
0200700500 'g00To00 7200 1400 1600 1800 2000
2
M, [GeV/c?]

= best-fit point and part of 68% C.L. are can be tested in 2011

& 100

Q T LsP
S‘ 900 ' tanf=10,A;=0,u>0
¢ CMS prelimi
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g " \s=7 TeV

o 200 Hadranic search, 95% C.L. curves
=

300

200

100

w L =1000/pb

CMS-NOTE-2010-008

full NUHM1
parameter space

[ 68% CL. MaBT@Rcone
(7] 95%C.L.

B0(

) 8
M, [GeVi/c’]
= best-fit point and part of 68% C.L. are can be tested in 2011

000
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SUSY Global Fits (6)
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BACK-UP
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