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SUSY @ LHC : The current picture

ATLAS SUSY Searches* - 95% CL Lower Limits

V.A. Mitsou

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model e T,y Jets ET [Ldnm) Mass limit Reference
MSUGRA/CMSSM 0 26jets  Yes 203 |&@E 17TeV m(@=m@) 14057875
MSUGRA/CMSSM Tep 3-6jets  Yes 203 |Z 1.2 TeV any m(g) ATLAS-CONF-2013-062
Fll /SUGRA/CMSSM 0 7-10jets  Yes 203 |Z 1.1 TeV any m(g) 1308.1841
ﬁ q, q—»q,y, 0 26jets  Yes 20.3 q 850 GeV mF) JGeV m(1* gen. g)=m(2" gen. q) 1405.7875
g X gﬁqq/\/l 0 2-6jets  Yes 203 |& 1.33 TeV mir} 1405.7875
3 3—qq¥i —qqW* X1 Tep 36jets Yes 203 |2 1.18 TeV mLh)<2(mGeV m(F")=0.5(m(¥))+m(z) ATLAS-CONF-2013-062
« —gq((L v/ w)T] 2eqn 0-3 jets - 203 |2z 1.12TeV m(¥})=0GeV ATLAS-CONF-2013-089
Q  GMSB (I NLSP) 2ep 2-4jets  Yes 4.7 tanp<15 1208.4688
‘®  GMSB (7 NLSP) 127+0-1( 0-2jets  Yes 203 tang >20 1407.0603
T:, GGM (bino NLSP) 2y - Yes 203 m(¥})>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) 1epu+y - Yes 48 m(E})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e.p(Z) 0-3jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>10"* eV ATLAS-CONF-2012-147
5 o gebb/\ﬂ 0 3b Yes 201 g 1.25 TeV m({})<400 GeV 1407.0600
o2 g_ma(o 0 7-10jets  Yes 203 g 1.1 TeV m(i}) <350 GeV 1308.1841
3 ,E) g-tiXy 0-1e.p 3b Yes 201 [& 1.34 TeV m(f})<400GeV 1407.0600
o, Zobi¥| 0-1e,p 3b Yes 201 |% 1.3 TeV m(¥})<300 GeV 1407.0600
biby, by—b¥) 0 2b Yes 201 | B 100-620 GeV' m(})<90 GeV 1308.2631
w e bbbty 2¢,u(SS)  03b Yes 203 |h 275-440 GeV m(i})=2 (i) 1404.2500
=S §iight), i —b¥T 1-2ep 1-2b Yes 47 |& 1 m(E})=55 GeV 1208.4305, 1209.2102
g § 1 (light), rl—»Wb/h 2e.p 0-2jets  Yes 203 n 130-210 GeV m(F}) =m(7,)-m(W)-50 GeV, m(7, )<<m(¥}) 1403.4853
5}"3 ‘medium), 7; am e 2jets Yes 20.3 7 215-530 GeV m(t})=1 GeV 1403.4853
S8 medium), 7 —»Bb)(1 0 2b Yes  20.1 i 150-580 GeV' m@ﬂkzou GeV. m(¥7)-m(i)=5 GeV 1308.2631
S5 heavy), 71—ty Tep 1b Yes 20 | & 210-640 GeV m(¥))=0 GeV 1407.0583
o § heavy), i ik} 0 2b Yes 201 @ 260-640 GeV m(})=0GeV 1406.1122
o] fiock)| 0 mono-jet/c-tag Yes 20.3 i 90-240 GeV m(7)-m(t})<85 GeV 1407.0608
|("a'Ufa| GMSB) 2e.pu(2) 1b Yes 203 |# 150-580 GeV/ m(t))>150 GeV 1403.5222
iy, ot +Z 3e.u(2) 1b Yes 203 |& 290-600 GeV m(})<200GeV 1403 5222
lrlig, (-0 2ep 0 Yes 203 |7 90-325 GeV =0 GeV 1403.5294
XX, X =Tl 2ep 0 Yes 203 |iy 140-465 GeV GeV, m(7, 7)=0.5(m(¥} )+m(,\).)) 1403.5294
> ‘g XXy Y. XTHTV(TV) 27 - Yes 203 | X} 100-350 GeV GeV, m(z. 7)= 5(m(E ) +m(E?)) 1407.0350
= -0 [(vv) L) Bep 0 Yes 203 | WL 700 GeV 5(m(E7)+m(T})) 1402.7029
= i;;z%-»wxdzvb 2-3e,u ] Yes 203 )?iiﬁ 420 GeV sleptons decoupled | 1403.5294, 1402.7029
e WXih] Xy Tep 2b Yes 203 ):za,i, 285 GeV sleptons decoupled | ATLAS-CONF-2013-093
TS, X35 -kl 4ep 0 Yes 203 |[X5 620 GeV 0. 5(m(,\/2’)+mu/.)) 1405.5086
B @ Direct V17 prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 | i} 270 GeV ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 z 832 GeV (¥1)=100 GeV. 10 us<7(3)<1000 s 1310.6584
©E  GMSB, stable 7, 1| —#z, f)+r(e.) 1-24 - - 15.9 10<tan<50 ATLAS-CONF-2013-058
§8 GMSB, /-G, long- lived ¥ 2 - Yes 47 0.4<r(E)<2 ns 1304.6310
= 4, ¥\ —qaqu (RPV) 1, displ. vix - - 20.3
LFV pp—¥e + X Fr—e +pt 2eqn - - 46
LFV ppoe + X, Feoel) + 7 legp+t - - 46 ~
S Dl AP CpiSS 2nS 0sn e 205 probe at up to
& nn )z,*ﬁwxd ) eet epve 4o - Yes 203 |& 750 GeV
XX, WL v, eri, Bep+T - Yes 203 | & 450 GeV
&-4q99 0 6-7 jets - 203 |z .
s or v 35 No signal found yet
+ Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 sgluon ~ 100-287 GeV
8 Scalar gluon pair, sgluon—i 2e.4(S8)  2b Yes 143 | sgluon | 350-800 GeV
&  WIMP interaction (DS, Dirac ) o mono-jet  Yes  10.5 — S h 8 ?
' = 0, where is SUSY
Vs=8TeV 10-! ) .
full data

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

Higher luminosity and energy of fu
runs will certainly improve the reach

Is this enough?




R,

“Alternative SUSY”

» Alternative from the experimental point-of-view
=>» high missing transverse momentum not necessary
= R-parity violating (RPV) signatures
= |long-lived particles (LLP)
« Why overlooked so far?
= R-parity always provides a dark matter candidate; in RPV in some cases
(gravitino, axino)
o signatures from stable particles require large effort to be probed
* ATLAS & CMS optimised for promptly decaying particles
* need to take care many aspects of analysis (trigger, reconstruction, non-
collision background, ...) from scratch
o difficult to organise RPV searches in coherent way
* many couplings = many combinations of final states
* prompt vs. delayed LSP decays
 consider one non-zero coupling at a time versus complete RPV model
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R-parity violation

+1, for SM particles
o R-parity: R=(-1)3BL+2s 5 R=

L-number violating terms

A

& ~
Wip = Mgk L Ly ES + X\ L, Q 1 U DEDE
R/_/

bilinear terms

—1, for superpartners

B-number violating terms

» R-parity conservation hinted but not required by proton stability

» Phenomenological consequences of RPV:
= LSP may be charged and/or carry color (e.g. sleptons, squarks)

= LSP is not stable
+ potentially long LSP lifetime

* transverse missing energy in colliders may or may not be large

A whole new landscape of phenomenologi"_ J
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Bottom-up approach: inclusive analysis

All coupling types considered: A (purely leptonic), A,
A" (purely hadronic)

Many combinations of objects in final state: 0, 1, 2 leptons, taus, b-jets

Signal regions cover all space in terms of kinematic variables
» Limits set for many couplings
yet for limited decay chains &,

g—qlv 7‘12

Summary of CMS RPV SUSY Results* EPSHEP 2013

3
g—qlv }‘233

g — gbtu A'

b 231

g —agbtu A
233

CMS Preliminary (s=8TeV,L =9.21b"

Prompt LSP decays

oggg/oerved (fb)
«Q
l
Qa
8
>

g—qaqq A"
q—qlv 7»122

q— qlv xzs
Leptonic RPV 1., 5 : gogotu A
observed 95% CLs Limits g q — gbtu 7»233
Theory uncertainty (NLO) i B a —qqqq A"
------ expected 95% CLs Limit: R 112
pecte: o S Limits
tg — uevt 7»122

L P | |
1200 1400 1600 1800 2000 2200
m,, (GeV)

tf‘ — ptvt 7»123
tg — utvt }Lzss
ty = tbtn A
- 233
t—>bt A | |
333 | O 11

CMS-PAS-SUS-12-027 "0 P00 400 "G00 a0 7000 7200 7400 1600 1300

Only a selection of available mass limits Mass scales [GeV]

CMS Preliminary
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Target specific decay chain / coupling: 4 leptons

» Neutralino decays into 2 charged leptons and a e
' . er,” /by, o
neutrino X wl Dy 7e
° 4 charged leptons (flavours determined by A, choice)
= RPV signal selection via Z-veto and effective mass e/t

» RPV-optimised analysis enhances discovery reach yet
much effort needed to cover more couplings

~e -0 -0 0 + -
PP > 90— qaK, aq¥;: X, >Vl

— 1 800 T T T 7 T ] T | L L L 7
> F ATLAS ]
©,1600— a4 -
S JLat-208m’(s-8Tev .
E1400F —00no Ay #0 5 Observed (+ 1 ") g —]
Z_ Aipp? 0 - Expected ) Ve ’ _:
1200 - e :
1000 - Moz # 0 -
C o Allimisates%cL < 7]
800 :— s : —:
600— 7~ .
= ]
400F- —
200F- i =
0 = | e - | i 'I"wi-ﬁ:ﬂ T BT .

600 800 1000 1200 1400 1600 1800
ms [GeV]

Phys. Rev. D. 90, 052001 (2014)
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Top-bottom approach: bilinear RPV

 Consider a well-motivated RPV model... Wigpy = WMSSM [ fT

. B|I|near.RPV |r1tro'du.ces neutrino | Vi = VMSSM _ g T H,
masses in an intrinsically supersymmetric way

= EW symmetry is broken by Higgs and sneutrino VEVs

o neutrinos mix with neutralinos
o a “low-scale” seesaw mechanism renders neutrinos massive

e Direct connection between model
phenomenology and neutrino parameters

Au|*  BR(Y — ptWT)

A.| ~ BR(X) = rEWT) o

* Well-defined LHC phenomenology thanks to constraints
from neutrino measurements

» Large MET due to copious neutrino production ' o
— conventional MET-based searches applicable to bRPV SUSY

%,° decays| Vs W
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ATLAS results on bRPV SUSY

» So far, interpretation of results from searches targeting R-parity conserving

V.A. Mitsou

SUSY in mSUGRA-bRPV

bRPV excluswn multl]ets channels MSUGRA/CMSSM: tan()=30, A_ = -2m, i > 0, bRPV

— 750 T '—1400 LI L T T T [ F T T-F T IT-LC ] T_T1T T T T T T 71 T
o > Il —Observedllmn(ﬂcsusv) ] > r- ! I ! ' ! R
o E [ T,
< 8 o0 __ATLAS Prellmlnary _____ Expected imit (10} _ o] - ATLAS,\T
FI| E% E Observed fimit 1 f6° (2011)] Eg 1200 |- JLdt=203fo \s=8Tev
650 | ; i - -
N E J Ldt=4.71" {s=7 TeV | 2same-charge Ieptonsfuipwns Hets
pa, 600 = . == Observed limit (1 5oy .
o F Al limits at 95% CL b 1000 — L N
~ = E L Expected imit (+1 6, o) T
| 550 — - =~ _All limits at 95% CL
L F I
500 - = 800 [ e
= F g i ‘
O one lepton i
2 + multijets + MET :
< A $ 00 2 same-sign leptons
|<_E + jets + MET

L 1 | - - T S B ; L 1]
200 400 600 800 1000 1200 1400
m, [GeV]

. L1l 111
400 600 800 1 000 1200 1400 1600 1800 2000
m, [GeV]

Possibilities for 13 / 14 TeV run (just some thoughts):
« embed bRPV couplings in an attractive SUSY scenario, e.g. natural pl
» design analysis customised for such models (also sensitive to trilinear
* What about other RPV models? seee.g.: :
e L. Covi’s talk on decaying dark matter [arXiv:1403.4923]
* Y. Nakai’ talk on warped natural SUSY [arXiv:1407.5095]

JHEP 1406 (2014) 035
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RPV model: uvSSM

* UVSSM: u-from-v Supersymmetric Standard Model
o R-parity breaking terms
o = neutrino masses

Mufoz, Lopez-Fogliani,
Ruiz de Austri, Fidalgo,
Roy, Ghosh, Dey et al.

= = evades p-problem

» Very rich phenomenology
= many Higgs bosons and gauginos

o = enlarged Higgs sector can easily
accommodate a 125-GeV Higgs boson
o |long neutralino lifetimes
— (extremely) displaced vertices
= multileptons / multitaus

Py (M)

Ghosh, Lopez-Fogliani, VAM, Muinoz, Ruiz de Austri,
Phys.Rev. D88 (2013) 015009

May serve as an inspiration for looking for other prompt or displac

signatures at 14-TeV LHC (other models may profit, too)
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What about RPV and dark matter?

1031
V OSC.
y ray line

1030

» Gravitivo LSP with
cosmologically-long lifetime n
= signal: monochromatic Elo
~ 0,28 |-
gammajrays a Vv (10
= constrained by 107 b
* v-oscillations

Choi et al, JCAP 1003 (2010) 028 Restrepo et al, PRD85 (2012) 023523

. . 102((5)..'1 OI,S ll.O 2I.0 SI.O l(;.O 200
* DM relic density Q h? me(GeV)
* y-ray line searches 1% e
- If lightest neutralino is the NLSP 0 :
~ ~ 103';— _
X1 = hv, XY — WELF, ;
-0 0 0 CRA E
X1 — VVi, X1 — Z vj. ool .
. . i
* (Long-lived) neutralino can also .
. 1027 E =
decay to 3 fermions 3
1026 Lin
3 10?
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Away from LHC: y-ray lines & RPV SUSY

» 130-GeV y-line in Fermi-LAT N
= axino with bilinear RPV [Endo et al, PLB 721 (2013) 111] G — YV
= gravitino with trilinear RPV [Liew, PLB 724 (2013) 88]

» Recently, 3.5 keV X-ray emission line observed in galaxy clusters
= axino with RPV [Choi & Seto, PLB 735 (2014) 92; Liew, JCAP 1405 (2014) 044]

= gravitino, bino, or hidden sector photino in RPV [Kolda & Unwin, PRD 90 (2014)
023535; Bomark & Roszkowski, PRD 90 (2014) 011701]

N~

—

g . Axino with bRPV 1p

— —_ 1=l -

8 —— .1 01

; re0.01 :

2 —

3 %»l F = 001F 1 Wl

a € ) Z
~ =5 = vV

< 0001 |

© tree—level

D: 10 i ere .

b . AL ; 104 Gravitino with tRPV ]

[e) .~ ,’ 1 1 1 1 1 1 1

pVA 10 15 20 30 50 70 100

o Excluded by CAST+Sumico & HB stars |

o 108 e - e . — ———as . Coeeaed '"S(TCV) .

g 10-* 10 10 10 sfermion mass

Cut

Liew, Phys.Lett. B724 (2013) 88
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Stable or metastable particles

» Long-lived decays of spartners possible in
several frameworks, including
= nearly conserved symmetry
 e.g. long lived gluinos or squarks that hadronise before decaying
— R-hadrons in Split SUSY
= low coupling between the particle and the final state
« e.g. weak RPV couplings
= Mass degeneracy between the particle and the final state
» Depending on the lifetime, different detection techniques involving
various obijects: tracks, photons, leptons, ...
(1) Slow, large dE/dx

~ 1000 mm @
(2) Slow, stopped =
(3) Disappearing track ~ 100 mm g
(4) Kinked track E’D
(5) displaced track ~ 10 mm 3

ID-‘ Calo Muon
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Displaced vertices: analysis A
p y p ; /4)/‘/# q
* RPV: LSP decays 4 — 180 mm from -
. . . . ) RS X1 /
the interaction point for couplings A’,;# 0 R w .
« Search for high-impact-parameter vertices: |d,| >2 mm ¢

= trigger: high-p; muon
o SM-particle late decays = require high mass & high track multiplicity

= overlap of high-p; track with hadronic interaction vertex
— veto to vertices reconstructed within regions of high-density material

ATLAS-CONF-2013-092 ATLA simulation preliminary |s =8 TeV
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Displaced vertices: results

[ ATLAS-CONF-2013-092

faceLHC-14

Number of events passing selected
requirements except for my, and Nyt acks

V.A. Mitsou

No data events observed in the signal region

Vertex mass [GeV]
=

.S,ignal region \s=_8TeV

4.5
4
3.5

ATLAS 3
preliminary
2.5

10

J-Ldt =20.3 fb"
@ pata 2012 1.5

\S)

Signal MC

For 13 /14 TeV run:
* dedicated DV trigger

3 4567810 20 30 40
Number of tracks in vertex

Upper exclusion limits at 95% CL
Depend on masses and LSP lifetime
Excluded: cxBR > 0.8 — 5.4 fb

o [T T
%10§.MH
1;.ML
N L

TTT] T T T T 1
ATLAS

preliminary
\s=8TeV
ILdt =20.3 fb"

700 GeV squark pair production (NLO+NLL

B R(Z;) % Iu jj )I=I1I IOI0\|°/° 1 1 11

10-4|‘ 1 L1

1 10

* new final states (also for Run-I final analysis): e+jets, v+jets, ...
* new “complete” RPV models to motivate/interpret analysis (not just

102

ct [mm]

10°

o
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Disappearing track search ¥: =3+

» Meta-stable next-to-lightest particles may be created, fly some distance, and

disappear / decay within the inner detector
» Searching for tracks with:
= inner silicon detector: Well measured

Chargino mass below 270 GeV
excluded in decoupled Anomaly
Mediated SUSY Breaking (AMSB)

= outer straw tracks (TRT): Low (<5) number of hits

220 tanfp=5,u>0
cn108'---1---'|'---|---'|"--|---- > Observed 95% CL limit (+15,, )
S 4 % .. Expected 95% CL limit (+10,,,)
© 107k —®— Data(\s=8TeV, |Ldt=20.3fb) ATLAS = 210 | e ATLAS (1s =7 TeV, 4.7 fb", EW prod.)
[ eF SM MC prediction EIX [ ALEPH (Phys. Lett. B533 223 (2002)) (Vo)
10 1 =200GeV,t,=02ns (D dius < infinit < . Theory (Phys. Lett. B721 252 (2012)) o
'/A m,: ,riT . (Decay radius < infinite) 200 722 Stable’ ¥ o
1 05 - mij =200 GeV, .= 0.2 ns (Decay radius < 563 mm) ATLAS E g
. ‘ 190 = i
10 000 vs=8TeV,ILdt=20.3fb'1 ] =
" N S ‘e, B _
10° : e-00se® .. 180 - S,
: .o i ] o
- e J N
: 170 — —
: C ] (0.0)
£ ] 0
160 | - (@]
150 T e ) ] ()
- ] o
140 3 %)
T 444% E
100 150 200 250 300 350 400 450 500 550 600 (a8
m. [GeV]
1 —

In view of the ATLAS inner detector upgrade in future HL-LHC

analyses have to be completely redesigned
=> should get the most out of Run Il
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Non SUSY LLP: Hidden Valley neutral particle

ATLAS-CONF-2014-041

» Hidden Valley (HV) weakly coupled to SM via heavy b
communicator scalar @ g H @ 7‘5} '<b
®, Higgs or a Higgs-like scalar ‘\ b

= HV can alter the branching fractions for Higgs decay g L, nv\(

Mixing 5

« Signature: If m, long-lived, will give rise to final states

3 T
with 1, decaying in hadronic calorimeter (HCal) or = | ?TLASPre"mmarv |
the outer edge of electromagnetic E oL o= 1o :
(EM) calorimeter \‘! 50 ]

4 B oo\ s L BR 10%
@ 046 AT T - e
3 c ATLAS Preliminary 4\ | O N N ]
S 014 ——— Multijets: Full 2012 Data =W\ i (7T m B Gey - toGey
S 012 e Signal: decay in HCal L -- m 126GeV-m 25GeV |
@ o Signal: decayinIlD  JF ey m 126 GeV-m 40 GeV
= E 2 - = 126 GeV G
0.08:— \s =8 TeV _: m(D = 1 — z proper decay length [m]
0061 g No significant excess was observed
004 E =» limits set in Hidden Valley scenario
0.021~ = ] re
of ] =» analysis may be sensitive to other (SUSY)
3 2 3 4 5
log, (E,/Ecy) scenarios, pvSSM ?
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MOoEDAL experiment

CR39 Aluminium back plate

» One step further: dedicated experiment at LHC to M"""’Z'f
observe highly-ionising (meta-)stable states 352?5;:5%
= monopoles, dyons |
o SUSY stable particles ]
= multiply-charged particles, e.g. doubly charged Higgs Al e ia=a

= black-hole remnants, Q-balls, ... a
» Complementary to ATLAS & CMS experiments

MoEDAL is unlike any other LHC
experiment:
= mostly passive detectors; no trigger;
no readout

= the largest deployment of passive
Nuclear Track Detectors at an
accelerator

= the 1t time trapping detectors will
be deployed as a detector

LHCb

MoEDAL detectors are being installed to be ready for L
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Summary & outlook

» R-parity violating and long-lived decays in SUSY
o |ead to collider signatures not predicted by conventional RPC searches
= effort to cover them with dedicated analyses
= in Run | we have barely scratched the surface of it

» Search approaches for 14-TeV LHC

o reinterpretations of existing RPC analyses

* help identify uncovered regions and carry
out RPV-targeted analysis

= prompt RPV searches

* typically target high multiplicity final states
& resonant production for 13-14 TeYV

- probe more final states T FLIM g 2015
= searches for long-lived decays

- exploiting the full potential of the detector

* new operating conditions may require redesign existing analyses/triggers...

* new ideas for theorists welcomed!!




Backu@..
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How do we search for SUSY at LHC?

SUSY (more than) duplicates spectrum of particle states
w.r.t. Standard Model

Simplest extension of SM (MSSM) has > 100 new parameters

Sparticles decay into (b/c-)jets, leptons, taus, photons,
invisible (MET), ...

q 7(0_7%0
TS A

How do we decide on what to search for? E—

How to interpret the results?
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SUSY @ LHC: The strategy

Theoretical model space

breaking mechanism, R parity, MGUT unification, ..
(N)MSSM, mSUGRA, GMSSB, ...

Top down ‘
Define model

and search for it Bottom up

in suitable final

Define topology (decay
states

chain) and interpret
results in (m,, m,) plane
=» simplified topologies

94

Experimental sighature space

MET ? + n jets + m leptons, taus, Meff, mT, ...

Simplified Decay Chains

Jet(s) 1
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SUSY @ LHC: The organisation

Following previous paradigm, we divide analyses into separate(*) signatures

» R-parity conserving (RPC) signatures:
= sparticles produced in pairs, each decays to (WIMP) LSP, mostly lightest neutralino or
gravitino
= one invisible LSP per decay chain &> MET

» R-parity violating (RPV) signatures:
= resonances or multijets / multileptons: single sparticle production or LSP decay
o Displaced vertices from late LSP decay

» Long-lived particles from:
o weak couplings, e.g. RPV, gravitino
= heavy mediator sparticles, e.g., heavy squarks in split SUSY
= mass degeneracy, e.g. m(chargino) ~ m(LSP) in AMSB

(*) Limits not clearly defined,
e.g. RPV delayed decays




SUSY searches @ LHC

NLO(-NLL) o(pp—> SUSY) [pb]
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LPCC SUSY o WG

N\
e
L

T IIIIIIII I/I*IIIIII T TTI

L1 |\\| M|

| | IIHII‘

IIH| | IJIIIH| | I\IIIII| 11

| ...II.|||| L
200 400~.600 800 1000 12

0~ 1600
J\ SUSY sparticle I;‘Kq\l Third-generation sparticle searches

Leptons/photons searches

e colored spartners too heavy
— direct gaugino production

e pertinent for gauge-mediated
models

10°

V.A. Mitsou

I1C data

#events in 20 fb™! 8Tel

]

Strong-production channels

e Copious production at hadron
colliders

e E.Miss-based generic search channels

e Plus more exotic channels

e Expected from naturalness to be
O(<TeV)

e Expected lighter than other
squarks due to mixing

e Can search for more specific final
states
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SUSY @ LHC: The technique

Background estimation mostly based on data-driven techniques

Standard Model

Top, multijets
V, VV, VWV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds
zgczgr'ggz din:n d Determined from data Dominant sources: normalise
incl. systematic Backgrounds and methods MC in data control regions
exp. and theor. depend on analyses Subdominant sources: MC
uncertainties as —
;‘;'r;‘:]‘gfers Validation Blinded

Validation regions used to

cross check SM predictions

with data
blinded

Signal regions
Slide from A. Hoecker, LP2013
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What about dark matter?

1031

1030

» Gravitivo LSP with
cosmologically-long lifetime n

V OSC.
y ray line
o signal: monochromatic % '

Restrepo et al, PRD85 (2012) 023523

~ % 28 L
amma-rays (10
& N X7,
= constrained by 107
* v-oscillations s . . . . .
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Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Endo et al, Phys.Lett. B721 (2013) 111
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