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Part ll: Charginos, Neutralinos, Sleptons, RPV, Long-lived (LL) Particles

I review several selected topics to compare ATLAS and CMS results. We see
amazingly (but expectedly) both detectors are providing almost same physics
performance.

11 ATLAS I
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

111 CMS /I
https://[twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://[twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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LHC SUSY Searches At A Glance

ATLAS Preliminary

ATLAS SUSY Searches* - 95% CL Lower Limits
jwr =(44-207)1b" s=7,8TeV

Status: LHCP 2013

Model ety dets  EP [Lanm) Mass limit Reference
MSUGRAIGMSSI o 26jes Yes 203 3 ! 18TV mia-mis ATLAS.CONF-2013.047
MSUGRAGMSSM To.n s Yos 58 e ATLAS GONF-2012-104
MSUGRACMSSM o 7i0jes  Yes 03 11TeV P ATLAS CONF 2013054
aq. g9z (] 26els Yes 203 740, ATLAS CONF-2013-047

9-als] o 26jeis  Yos 03 13Tev ATLAS-CONF-2013-047
Guuino med. £ (Gafe’) Tew  2djets Yes az @ | 12084888
0a-saaaal i’ 28,14 (SS) 3 jets. Yes 207 1.1 TeV ATLAS-GONF-2013-007
GMSS (I NLSP) 2en  2djeis s a7 1208 4688
GMSB (I NLSP) 2t o2jeis  Yos 07 14TeV ATLAS-CONF-2013-026
GGM (bing NLSP) 21 [ Yes 48 12090753
GGM (wina NLSP) Teusy o Yes a8 ATLAS-GONF.2012:184
GGM (higgsino-bino NLSP) ¥ 1 Yes as 12111167
GGM higgsino NLSP) 2ep@  o3jes  Yes 58 ATLAS GONF-2012.152
Gravitino LSP o mono-jet Yos. 105 Gl 10% eV ATLAS-CONF-2012-147
Sy 90 o b Yes 128 ™) < 200 GeV ATLAS-CONF 2012145
3 g s 2ems9 036 N 207 |§ %0 Gev i< B0GW ATLAS-CONF-2015.007
oot o 710/ Yes 23 |@ 118 Tev mit?) <200 G ATLAS-GONF-2013-054
i o an Yos 128 it ATLAS-GONF-2012-145
o 26 Yos. 200 [p 100-630 GeV w30} < 100 GV ATLAS-GONF-2013-053
2e,u88)  0an Yos 207 430 Gev. mi}) -2 mE) ATLAS GONF-2013.007
T2en  12b  Yes 47 |G i) - G0V 1208.4306, 12002102
Wy ! 26 0-2jeis Yes 203 220 GV m(if) = (5 - miW) - 50 GoV, mii) << miz}) | ATLAS-CONF-2013-048
L, (mediumi, ,-+b, Zep  O2jels  Yes 23 i, 150440 GV L) = 0 GoV, miLpmiE}) = 10 GeV ATLAS-CONF-2013-048
i [ 20 Yes 201 3 150880 GeV' i) < 200 oV, i () = 5 GeV ATLAS-GONF-2013-053
EE 1, (heawy) To.n I Yos 207 |j, 200610 GeV i) - 0oV ATLAS-GONF-2013.087
Bg e, o 26 Yes 205 |3, 3204660 GoV. w31 -0 Gov ATLAS CONF-2013.024
1t (naural G 20002 i Yes 27 iy 500 Ge ) 150 GV ATLAS CONF-2013-025
[ 3e.n(@) 10 Yeos 27 iy 520 GV mily) = miz§) + 180 GeV. ATLAS-CONF-2013-025
Ieslus, 1=l Zep o Yes 208 |§ 85316 GeV ) = 0 GeV ATLAS-CONF-2013-049
=B Gniov 2ep o Yes 23 |7 125450 GeV' %) D GoV, mi¥) = RS} ) + mE) | ATLAS-GONF-2013-049
WE xz ) 21 o Yes 27 |7 180-330 GeV ) D GoV, mE ) =0 Simiz ) o miit) | ATLAS-CONF-2013.028
FEARIN 3e.u [ Yos 27 |5k 600 GeV 6L = M), ML) = 0. ML) = 0.5imiL ) + M) | ATLAS-CONF-2013-005
Tt W27 3em ) Yes 207 |5 315 Gev ™63 {) = M), mE9) - 0, sepions decoupied | ATLAS-CONF-2013-085
Direct .3 prod., long dived 7/ o Tjet Yes ar tesg<ion 12102852
Stale g, R-hadrons o Yes 47 1211.1587
@SB, siable 7, low b [ Ves a7 Stanf <20 12111587
GMSB, ¥} —+1Glong-ived 7, 0 Yes a7 Q4 <ail<zne 13046310
2 qan (RPY) o Yes 4s fmm<cre t m, joscoupied 12107451
LV oV oK, Vo aep [ 48 45,010, 005 12121272
LFV pa—+¥ o +X, Vo —seluje v o - 45 Ay 010, B gy =0.05 12121272
ar APV CMSSM 7jets Yes a7 i = G Ot < 1 ATLAS-CONF-2012-140
; WL T i—soeveuv, 4 ] Yos 07 |F T6O GeV' W) > T00GaV. k>0 ATLAS-GONF-2013-086
Sieveenv,  demert o Yes 207 350 Gev W) BBV, 3,20 ATLAS-GONF-2013.036

aa o 6 ots - 45 _ 1210.4813
9 1,08 20,088 oan Yes w7 |§ 880 GeV ATLAS-CONF-2013-007
Scalar gluon [} 4jots sgluon . 100287 GeV i, it from 1110.2698 1210.4826

B : L e | A e
10" 1

Mass scale [TeV]

! cross section uncertainty.

“» Probing a TeV scale at LHC8 ©
“» No hints of SUSY (yet) in very
diverse SUSY search programs ©®

[Note] -1 sigma exclusion limits rather than
the nominal value are also available in ATLAS
and CMS papers.
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*Observed limits, theory uncertainties not included

LHCP 2013

Smma o MS SUSY Results* in SMS framework

CMS Preliminary

For decays with intermediate mass,
A(1-)m,

1 1
1200
Mass scales [GeV]

200

Only a selection of available mass limits
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Closer Look at ATLAS

ATLAS SUSY Searches* - 95% CL Lower Limit:
Status: LHCP 2013

Model e, T,y Jets ET J.Ldt [fb™"]
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 d ILRILR, 1—21xS 2e, 1 0 Yes 203\ |
MSUGRA/CMSSM e 4 jets Yes 5.8 g > T XA A-IvIv) 2e, 1 0 Yes 20.3
MSUGRA/CMSSM 0 7-10 jets Yes 20.3 d W _9:_9 ;Z X Ly iﬁw (V) 5 21 0 Yes 20.7
qq qﬂq)(1 0 2-6 jets Yes 20.3 g o x xz = vl I(vv) IvILI(vv) 3e 0 Yes 20.7
99. g—a%x] 0 2-6 jets Yes 20.3 8 Xx,0 — W 071 x1 3e 1t 0 Yes 20.7
o @ Gluino med. Xt (g—9%) e, u 2-4 jets Yes 4.7 g - S A .
@S 99-9aqall(’%? 2e,1(SS)  3jets Yes 207 | § o o gt'”i;‘ 7&1%& Er‘;d-’ long-lived ¥, o 20 1 éet \‘:‘35 :-;
S ©  GMSE (LNLSP) Se 1 54 ]ots Ves 7N S g o aveo hnadons eep es :
O ! GMSB, stable 7, low B 2e, U 0 Yes| 4.7
£ & GMSB (I NLSP) 121 0-2 jets Yes 20.7 2 % GMSB. 759G long lived 7° 2y o YeSI'L Pt
GGM (bino NLSP) 2y 0 Yes 48 S8 oy e u 0 Yes 44
GGM (wino NLSP) le,nu+y 0 Yes 4.8 1 ’ )
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 LFV pp—V +X, V. —e+l 2e 1 0 - 4.6
GGM (higgsino NLSP) 2e,1(2) 0-3 jets Yes 5.8 LFV pp—V . +X, V. —e()+1 e+t 0 - 4.6
Gravitino LSP 0 mono-jet Yes 10.5 F ~ Bilinear RPY CMSSM e, 1 7 jets Yes 47
S 3 gabbx1 0 3b Yes 128 |® % e Xr’xm 761 —eev,euv, , 4eu g \\:GRPY;
S o g 2e,u(SS)  03b No 207 |8 1 X Wi, 1T e 0TV e’g” oot N it
o E g7 0 7-10jets  Yes 203 |& g4 o oy Vo
™ o) gattx1 0 3b Yes 128 i g—tit, t;—obs 2e, u(SS) 0-3b Yes 0/ g
by Qﬁbﬁ? 0 2b Yes 20.1 E .QE Scalar.gluon o6 o 0 4 Jetsl Y— 132 :
:\2 g by, bﬁt{ﬁ i 26, 1 (SS) 0-3b Yes 20.7 b _6 WIMP interaction (D5, Dirac y) 0 mono-jet es . »
TSty (light), t—by 1-2e, 1-2b Yes 4.7 1 ;
S8 tE1 (nght),?ﬁyw;i? 261 0-2 jets Yes 203 | \s=7TeV Is =y Is=8TeV
g ‘g t, (medium), t,>bz* 26 1 0-2 jets Yes 203 i full data partial data full data
S Q. 1l (medium), tﬁbxf 0 2b Yes 20.1 ! *Only a selection of the available mass limits on new states or phenomena is s
o 9 11, (heavy), 1etx 1le 1b Yes 20.7 l
s L 1111 (heavy), t-t° 0 2b Yes 205 |7}
™ T i (natural GMSB) 26, 1(2) 1b Yes 207 |i
tztz, t—t+Z 3e,pn(2) 1b Yes 20.7 1
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Closer Look at CMS
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A Few Words in My Mind

/// Scenarios and Models in Market///

Simplified Model Spectra (SMS) Scenarios

Minimal and non-minimal scenarios in Supersymmetric SM

Minimal and non-minimal scenarios in AMSB, GMSB, SUGRA/CMSSM, ...
Natural SUSY, Split SUSY, ...

RPV

J/
* 0’0

R/

*%

J/
0’0

WS

%

/
0’0

/// Questions ///
< What do we do with (i) heavy 15t/2"d generation squarks and gluino, and
(ii) small AM (mass difference between NLSP and LSP)?
“» How can we probe colorless SUSY sector?
1) Tagging energetic jets (+ MET) from cascade decays
2) Tagging leptons
3) Tagging photons
4) Tagging with timing
5) Any other means?
“* What if the nature is SUSY without a stable LSP?

Teruki Kamon LHC SUSY Searches () 6



SUSY Probe Metrie at LHC

Charginos, Neutralinos, Sleptons

Multiple Leptons + MET Photons + MET
G
fi
(1-x) AM, (1-x) AM,,
‘ 8
x AM,, ~) 5 x AM;,
Zl P
/
Outside a box ... Multiple Leptons + no "MET"
Displaced vertex Disappearing track  Stable massive particle — , — y = =
Wepy = Aij Li L E + A LiQ; Dy + ki LiHy + 43 U; DDy
soft /et penetrate
_____ all detectors Lepton Number Baryon Number
V) G sieaiinG low B Violation Violation
primary .”aeutralino / high dE/dx a)
W Yo chargino

decay length Ay o0,
> / e / e
0 (10) mm 0 (100) mm >0 (1000) mm (€[ L P/
SN2 ut /et
21

“non-pointing” y X Az,
“delayed” y

) b)
/ / 6+/ 1 - 17&/17;1
M

H

b
~0 ""-e.h_/#'— ~N /VF/V#
X1 S fn X et
oo ) Agg ~F Mag
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Electroweak Sector
< Charginos (C1, C2), Neutralinos (N1, N2, N3, N4)

< LSP?
Q Lightest Neutralino (N1): Bino-like, Wino-like, Higgsino-like, Bino-
Higgsino-like ..

O Gravitino

“+ Sleptons
d Selectrons and smuons are mass degenerate.
Q Special case: Stau is lighter.

“ RPV

Teruki Kamon LHC SUSY Searches ()



Charginos and Neutralinos

>:if

Analysis
2 leptons (e/mu)
2 leptons (tau)

ATLAS

3 leptons (e/mu)
4 leptons (e/mu/tau)
2, 3,4 leptons

CMS

<&

L)

CR)

L)

)

17/8 (CMS)

e

*%

e

*%

e

*%

/
‘0

)

e, u

Teruki Kamon

Reference

ATLAS-2013-049 (20 /fb)
ATLAS-2013-028 (20 /fb)
ATLAS-2013-035 (20 /fb)
ATLAS-2013-036 (20 /fb)
CMS SUS-12-022 (9.2 /fb)

> Searches with 2, 3, 4 leptons
> Inclusive lepton (e or p) triggers or Dilepton
triggers (ee, ey, pu) with 25~14/8 (ATLAS) and

Other leptons with 10, 10, 20 for e, y, 1,

Like-sign and opposite-sign dileptons with e, n
3, 4 leptons with one 1,
Distinguish with and without OSSF candidates for

A few examples

LHC SUSY Searches (ll)
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Controlled Regions (CRs)

% Data-driven + MC (e.g., ABCD)
< MET, my,, b-tagging, 7, identification, Understanding fake leptons
< See, below, examples of data-MC agreements

WW(~>ev uv) CR

Distribution of m,

in the OS eu event

sample with p(l;) > 35 GeV and p+(l,) > 20

GeV.
ep nlets 0p >35Ge Vp >20G V
% ATLAS Prellmlnary IIIII ’- Dla‘al 20'12 IIII 1
S 10°¢ . ww ]
o Ldt=20.3 fb \s =8TeV B it - wit E
Y I hannel — |
» 10* s—e” c Jav E
€ [T Fake leptons
Sl I:l Higgs
w 10 E 77 MC Stat+ Syst Uncert 3
i (mi, mxa) =(100,0)GeV ]
E . (m¥,mj.)=(140,20)GeV ]|
107 - (my, 1 f) (200,0)GeV ]
10F™ """ ==
:
10 '
2 ‘ T T T T l;’ T T ‘ T T T T T T
%15 """""""""" 7%’%
R ok & Al 22 e
8 0 o] ISR, S S0 ¢ BRI an // ......... i
0 Lo L Z 7
0 50 100 150 200 250
m.[GeV]
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Z(~>ee/up)+Jets CR

B-veto & dijet mass consistent with W or Z
to suppress the top events

ratio

entries / 10 GeV

2
1
0

10
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-
i_
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S e S LA e S e S B S e e e s e 5
CMS Preliminary

B=BTeV,L =92Mb" o

S= ev, int =9, R

ee/u events - Zhes

H [ Fiavor symmetric
[T wzezz

- Rare SM

50 100 150 200 250
E™S [GeV]
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Trilepton Signal Regions (SRs)
3 Z

ATLAS-CONF-2013-035

y X%.-.‘.T\“—" 56(]).
W

e/u
ME'|;> 50

ME'I;> 75

C/H/Th

META> 50

CMS-5US-12-022

4 Y N f \
Table 1: The selection requirements for the signal regions. All regions are mutually exclusive and 'Fablc 1: SM. exPectations and observations for events with an ee or jj OSSF pair, where the
require exactly three signal leptons and a same-flavour opposite-sign (SFOS) lepton pair. Events witha  third lepton s either an electron or muon.
b-jet or a SFOS lepton pair Wlth mass less than 12 GeV are rejected. The mass of mtllzse SFOS lepton pair propen — M,, < 75 GeV 75 GeV < M,; < 105 GeV M,, > 105 GeV
Elosgst t(ih theS lZ:;;);)slon mass ¥s dlenoted b}tlh m;:%s. The m is calculated from the ET and the lepton not 1 (GeV) | EF'* (GeV) Total bkg _ observed | Totalbkg Shserved follbkg _observed
orming the N 50-100 21205 1 33105 3 12407 0
Selection SRnoZa || SRnoZb SRnoZc SRZa SRZc > 160 100-150 | 1.704 0 1.840.2 1 11407 1
150 - 200 0.8+0.3 1 0.634+0.16 1 0.26+0.18 0
msros [GeV] <60 60-81.2 | k81.2 or >101.% | 81.2-101.2 81.2-101.2 81.2-101.2 = 200 0.25+0.20 0 0.584+0.19 1 0.1840.14 0
E [GeV] >50 >75 >75 75-120 75-120 >120 I [50-100 35405 3 | 10006 11 130+0.19 0
mr [GeV] - - >110 <110 >110 120-160 | 100-150 11403 0 1.540.2 0 0.1740.05 2
pr39e[Gev] | >10 >10 >30 >10 >10 150-200 | 0.15+0.16 0 0.4+0.4 1 0.12-£0.10 0
SR veto SRnoZc¢ ||| SRnoZc — - = > 200 0.11+0.05 0 0.17-0.10 1 0.08-40.09 0
50-100 5345 63 382+15 377 19.0+1.7 22
0-120 100 =150 6.6+1.0 5 63+3 61 4.040.6 6
. 150 - 200 1.4+03 1 16.0+0.9 13 09403 2
ATLAS SRs on CMS pIOT for Illustration > 200 0.54+0.17 1 9.5+0.6 3 043-£0.08 2
CMS Preliminary Vs=8TeV,L = 9.2 o' CMS Preliminary \s=8TeV, L &= 9.2 b
< 250 m— r—— - S 250 i ame -
> a e ce’e > A scte'e
< 200f ol | L spwe S0 4, T apiie
: 1 | SRs in m(ID) '
150H 1 qsp- T — ]
q ¥ . 'vi‘ [ i i i "v:" .
o r‘~ ...... .
100 e o ., ME | 100 ,afes AR
. “ W CoY T “ e m -y 5
=4 . . ’ A M ¥ . .
™ ,‘.v‘A ", . - [ ™ .'.”A'A."i g . -
50  apv bl : » - 50 i,e Ml : e 2 N
vA N v = va & A v =
. . A e e
o - a2 1 ) S| i P 2 ok ) S| Ll
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Figure 4: My versus M, for three-lepton events with an ee or yp OSSF dilepton pair, where the

third lepton is either an electron or a muon.
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Figure 4: My versus M, for three-lepton events with an ee or yp OSSF dilepton pair, where the
third lepton is either an electron or a muon.
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Trilepton Signal Regions (SRs)
3 Z

ATLAS-CONF-2013-035 Jg. " " CMS-5U5-12-022
e/H Py x%"""g::“ o e/u/rh
MET > 50 MET > 75 " MET > 50
A —_—A A

Table 4: Expected numbers of events from SM backgrounds and observed numbers of events in data in Table 1: SM expectations and observations for events with an ee or yu OSSF pair, where the
the signal regions, for 20.7 fb~!. Both statistical and systematic uncertainties are included. The discovery third lepton is either an electron or muon.
Ppo-value of the background only hypothesis is shown. The number of signal events Ngjgpa and visible
cross-section oyisiple that can be excluded with 95% CL are also shown. My (GeV) | Emiss (GeV) My <75 GeV 75 GeV < My < 105 GeV My > 105 GeV
e - SRooZ i = SR = T T total bkg  observed | total bkg observed total bkg  observed
Selection SRnoZa noZb SRnoZc SRZa SRZb SRZ¢ 50 -100 51105 1 33105 3 12507 0
Tri-boson 1.7+1.7 0.6 0.6 08+08 05+05 04+04 029029 < 160 100 -150 1.7+04 0 1.8+0.2 1 1.1+0.7 1
44 14+8 1.8+1.0 025+017 89+1.8 1.0+04  039+0.28 = 150 - 200 0.8+0.3 1 0.63+0.16 1 0.26+0.18 0
1ty 0.23+0.23 0.21+0.19 0.21;8:}? 04+04 0224021 0.10+0.10 L > 200 0.25+0.20 0 ‘ 0.58-+0.19 1 0.18-+0.14 0
Wz 50+9 20 +4 21+16 235+35 19+5 50+14 50-100 35+05 3 10.0+0.6 11 1.30+0.19 0
£ SM ieducible 65+12  22+4 3418 245435 2045 58+1.4 120-160 | 100-150 | 1.1403 0 1.5:£0.2 0 017£005 2
150 - 200 0.15+0.16 0 0.4-+0.4 1 0.1240.10 0
SM reducible 3114 T+5 1.0+04 4j 1.7+0.7 05+04 = 200 0.114+0.05 0 0.17-£0.10 1 0.08-£0.09 0
£ SM 9619 296 44+18 249+35 2245 6315 50-100 5315 63 38215 377 19.0+17 22
100 -150 6.6+1.0 5 63+3 61 4.0+0.6 6
Data 101 2 5 28 23 g 0-120 1450200 | 14+03 1 160409 13 09403 2
po-value 0.41 0.37 0.40 0.23 0.44 0.5 > 200 0.54+0.17 1 9.5+0.6 3 0.4340.08 2
2

Naignal excluded (exp) 39.3 16.3 6.2 67.9 13. 6.7
Nsignal excluded (obs) 41.8 18.0 6.8 83.7 13.9 6.5
Tyisible excluded (exp) [fb] 1.90 0.79 0.30 3.28 0.64 032

visibie excluded (obs) [fb]  2.02 0.87 033 4.04 0.67 031 1 2 b | ns 1 2 b | ns 1 2 b | ns

\ JH_J

Y
3 bins 3 bins
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Trilepton WZ SRs

>

Total Uncertainties for' BG Estimates

= ATLAS-CONF-2013-035 CMS-5SUS-12-022
T e/ e/u/v,
A I mimicked "ATLAS"-like SRs.
my MET Total MET  “ATLAS" Total
<110 75-120 SRZa 13% <120 50 - 150 SRZa 3.9% ~4.8%

>150 n/a 5.6% ~ 6.3%
>110 75-120 SRZb 23% >120 50-150  SRZb 15%, 11%,
6.0%, 13%
>110 >120 SRZc 24% >120 >150 SRZc 25%,33%,
100%, 59%
Although a dedicate cross-check by both collaborations is required, my private

investigation finds that uncertainties in ATLAS and CMS analyses are similar.
Teruki Kamon LHC SUSY Searches () 13




CI+N2 via W and Z
x ng{f__ i

.
P s~ e g = X

ATLAS-CONF-2013-03 YN CMS-SUS-12-022
e/}l e/M/Th

CMS Preliminary \s=8TeV,L =921
| ey T T 1 1 T T | 3 B | % 3 ) T 7T L P ! T 1 171 L ! ! l : ; : ' I ' ' = ' I ) ; j ) I ’ , : ! I ! ! : ' o= 7] =
> T ! ! ! ! ! . > 95% C.L. CLs NLO Exclusions || =
o, T ATLAS Preliminary === Observed limit (10py) ] 8 s Observed 2/2) +3 + 1MV i}
E?N— 250 o J. Ldt=20.7 fb”’ \s=8TeV ===-- Expected limit (+16,,,) - Sl :l::l::l::l::l: Expecteded 2/2J+3/ i Ko —; ] b
L % n-w'g 2% ATLAS 13.0 b, Vs =8 TeV — - Observed 3/only .~ ] g
L ome= m. Al limits at 95% CL ] = == Observed 2/2/ gﬂ»y - 1 <1 03 o
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[Note] the “star” point is within +/-1c uncertainty
band. Also a few remarks: . R
» MET > 75 (ATLAS) vs MET > 50 (CMS) : 7
= CMS has more SR grids. 3l & 212 ... complement each other
= ATLAS "3L" doesn't include 7,

Wino-C1 and Bino-N1 up to 330 and 100 GeV
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A Few Remarks

1. [Cross section] CMS values are 10% higher than the ATLAS values,
as ATLAS is calculating the values with PROSPINO assuming a
small Higgsino component in the C1 and N2 sector, while CMS assumes pure
wino.

2. [SR bins] CMS uses more SR bins (in MET, m;, and my) with respect to
the ATLAS analysis.

3. [Tau] CMS "3L" analysis includes N(t,) < 1, while ATLAS uses only e's and p's.
Although we expect a small gain in acceptance, employing 1, still adds up
something.

4. It is possible that #1, #2, and #3 could helps CMS has a competitive
sensitivity with 9 fb-1,

5. [Systematics] The region we are discussing is systematic-dominated. It
would be good to the uncertainties used by the ATLAS and CMS analyses in
detail. Looking at the tables, it seems that uncertainties fluctuate a lot
depending on the SR, and I cannot track down before this conference.

Bottom line: A 10-GeV difference (based on the expected) is inside the +/-1

sigma uncertainty band. Thus the results are in agreement within uncertainty.
CMS results with 20 fb-! will be released soon.

Teruki Kamon LHC SUSY Searches ()
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C1+N2 via Light Slepton

ATLAS-CONF-2013-0357 S eMS-SUS-12-022
e/H ! e/M/Th
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C1+N2 via Light Stau
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C1+C1 via Light Sleptons
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C1+C1 via Light Stau
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C1+C1 via WW
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EWKino Summary

“*» ALTAS and CMS are producing very similar physics
results.
“» Wino-Chargino and Bino-LSP
v Up to 640 and 300 GeV for light slepton case
v Up to 340 and 100 GeV for W and Z cases
< Weaker limits for
v heavy slepton
v" being Higgsinos
v' small mass difference (compressed spectra)

Teruki Kamon LHC SUSY Searches ()
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RPV

Wiey = Aij Li L Ey + A% LiQ; Dy + ki LiH,, +

Lepton Number Violation

ikUiD;jDy

Baryon Number Violation

“* RPV = no DM candidate. But the
nature might have non-SUSY DM.

< Multi-leptons or multi-jets with no

intrinsic MET:

v' Resonant PRV production and

RPV decay

v RPC production and RPV N1

decay

< Selected topics here and assuming
one dominant coupling

ner-»

Bilinear RPV CMSSM

g:gf E%Wﬁ, gfaeev T
pawe xi-WxS, x)otve.etv.

g — 4aqq
g—tit, t,obs

Teruki Kamon

LFV pp—V . +X, V =+
LFV pp—V.+X, V. —e(u)+t

2e 0 - 4.6
Teu+r 0 - 4.6
e 7 jets Yes 4.7
de 0 Yes 20.7
3e,u+7 0 Yes 20.7
0 6 jets - 4.6

2e, 1 (SS) 0-3b Yes 20.7
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RPV Decays

€.9., A 3333Q3D5 e.g., A3l L3E,
rV 3 r.t..\ rv 3 r.\{j
A0 A
'l b e u

T
<
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Resonant Snutrineo
(PLB) http://arxiv.org/abs/1212.1272, CERN-PH-EP-2012-326
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No B-tag veto, no LS

Resonant Smuon

B-tag veto, LS

T
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% Data is consistent with the SM - J
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MSUGRA, tanp} = 10, AO =0,u>0
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m, (GeV)

IRef] CMS SUSY Mass Points

LM1: m(smuon) = 185 GeV, m(N1) = 97 GeV

. Same as post-WMAP benchmark point B' and near DAQ TDR point 4.
. M(gluino) > M(squark), hence gluino -> squark+quark is dominant

. B(XY, ->slep_R lept) = 11.2%, B(X?, -> stau_1 tau) = 46%, B(X "} -> sneut_L lept) = 36%

. ISASUGRAT7.69 output

HM1: m(smuon) = 593 GeV, m(N1) = 356 GeV

. M(gluino) > M(squark), hence gluino -> squark+quark is dominant
. Bf(gluino -> stop;+t) = 25%, B(squark; -> q+X02) =32%,
but B(stop; -> t+X0,) = 6%, B(stop; -> t+X05) = 18%, B(stop; -> t+X0 ;) = 9%.
¢ B(X02 -> slepy lept) =27%, BO(02 -> stau) tau) = 14%, B(X*l ->snuy lept) = 37%

. Tree level total cross-section is 54 fb.
. ISASUGRAT7.69 putput

HM3: m(smuon) = 876 GeV, m(N1) = 339 GeV,
m(N2) = 638

. M(gluino) > M(squark), hence gluino -> squark+quark is dominant
= B(gluino -> stop;+t) = 52%, B(squark; > q+X02) ="32%,;

but B(stop -> t+X%5) = 5%, B(stop; -> t+X03) = 20%, B(stop; -> t+X0,) = 11%.
. BXY, >h0xX0)) =94%, B(X*; > W X0)) =100%

. Tree level total cross-section is 48 fb.
. ISASUGRA7.69 output
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RPV in 4 Leptons (e¢/mu)

T1+LRPV g
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RPV in 4 Leptons (e/mu)

T1+LRPV

q
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RPV in 4 Leptons (e/mu/tau)

> 4 leptons

Pp — )?1+)?1_ —>W +)?10W

e e A

ATLAS-CONF-2013-036

600

SR N =e,u) N(r) Z Candidate E’;‘iSS[GeV] meg[GeV]  Scenario
SROnaZa 4 0 extended yeto ~S0 RPC
| sRonozb >4 >0  extendedveto  >75  or  >600 RPV |
SR1noZ =3 =1  extended veto >100 or >400 RPV
SR0OZ =4 =0 request >75 GGM
SR1Z =3 >1 request >100 GGM
PP XX, W WE; X VI, Ay >0 PP XL, W W & 5V, Ag>0
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Very Rich RPV MSSM Program

1209.0764

final state ‘ collaboration ‘ L (fb™h) ‘ ref. |
J.A. Evans aits of dijets ATLAS | 0.034, 4.6 | [4L, 42]
CMS 2.2 [43]
Y. Kats A CMS 5.0 [44]
leptoquark pairs
CMS 48 [45]
i ATLAS 0.70 [46]
CMS 2.0-2.3 | [47, 48]
£ + jet CMS 5.0 [49]
& + myp ATLAS 1.04 [50]
leptonic mrg ATLAS 4.7 [51]
A CMS 47 52]
¢+ jets + MET
Jets + ATLAS 47 | [53, 54]
CMS 498 [55]
0S £¢ + MET
i ATLAS | 1.04, 4.7 | [56, 57]
SS ¢ + MET ATLAS | 1.04, 2.05 | [56, 58]
SS e ATLAS 16,47 | [59, 60]
SS ¢ (+ MET) CMS 198 | [61, 62]
SS ¢4 + b (+ MET) CMS 498 [63]
B (SS ¢€ or 3¢ + b) CMS 19 [64]
v (SS €0) ATLAS 47 [65]
3orde ATLAS 102 | [66, 67]
3¢+ MET ATLAS | 2.06, 4.7 | [68, 69]
4¢+ MET ATLAS 2.06 [70]
3or4 ¢ (+ MET) CMS 498 [
lor 27+ jets + MET | ATLAS | 2.05, 47 | [71-73]
ATLAS 47 [73]
¢+ jets + MET
T e CMS 5.0 [55]
ATLAS | 2.05, 47 | [74, 75]
b+ jets + MET
ety oMS 1.1,4.98 | [76, 77]
, ATLAS 2.05 [74]
b+ £+ jets + MET
THY R CMS 4.96-4.98 | [78, 79]
A CMS 498 [80]
Z + jets + MET
T Jee ATLAS 2.05 81]
— ATLAS 47 | |82, 83]
CMS 1.1,4.98 | [84, 85]
(b)-jets with ar CMS 1.14, 4.98 | [86, 87]

Table 5: 7 TeV LHC searches used for inferring limits.
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‘ Final state | b-jets Scenario(s) |
() GF)) 0 LQD332
(37)(37) 0,2 UDD312/323
85 4,6 | UDD312/323 with H decaying via #; UDD213 with H* — H°
¢+~ + 65 94,6 LQD232/233 with H/I‘i",(unlesi's degays via by, or bg)
LQD221/123 with W
332/333 with H/W ( ss decays via by, or b
= 4 8 946 LQD332/333 with H/W (unless decays via by, or bg)

LQD321/323 with H-, /7, or W (with or without Y= — x°)
2,4 LQD321/323 with H-i, /7 or W, with = — °
4 UDD212/213 with §/B; UDD213 with H
LQD321/323 with j/B
LQD323/233/333 with H decaying via bg
LQD232/233/332/333 with H /W decaying via by,
LQD232/233/332/333 with B (unless decays via )

T N

2
tf + 65 2,

#f+ 45 + MET 2,4,6

(tt or £f) + 65 4,6 UDD312/323 with H* — H°
Wi 2,4 L.QD321/323 with §/B; LQD323 with H-by
tt+ 7445 + MET 4 !

- WHW— + 25
r+WHW- +2j + MET| 0 LQD323 with bg
WHW= + 2j + MET
4 tops + 4j 4,6 UDD312/323 with B
LQD221/123/321/323 with W
6 + MET 2.4 , LQD;M /323 wir;h' W - Wwo o
LQD232/332 with W+ — WO (unless decays via £)
LQD323 with H* — H° — bg
¢+ 65+ MET 2,4 LQD221/123 with W
r 4 6j 4 MET 9.4 LQD321/323 with W. (with or without wWE - W9)
LQD323 with H* — H® — bp
rtr= + 2b + MET 2 LLE123/233 with heavy W
WHW— + 45 0 UDD?213 with bg

Table 6: Dominant final states in scenarios for which the coverage is insufficient (for mgop < 500 GeV).
See tables 1-4 for more detailed descriptions of the scenarios mentioned. The chargino is assumed to decay
directly via a sfermion and its RPV coupling (rather than transition to a neutralino first), except where
explicitly noted otherwise. As before, couplings related by interchanging electrons and muons, or first and
second generation quarks, are listed just once. The second column indicates the possible number of b-jets
in each scenario (including those coming from top decays, where relevant).



GMSB

“*» GMSB with lightest neutralio (NLSP) - gravitino (LSP) +
photon

v' Electroweak pair production of gauginos or cascade decay of
gluinos

v Two photons + MET or Photon(s) + jets + MET

v "Non-pointing" (ATLAS) or "Delayed” (CMS) photons

v' Stable Massive Particles or SMPs" (ATLAS) or "Heavy Stable
Charged Particles or HSCPs" (CMS)
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“Non=pointing™ Photons

arXiv:1304.6310 (5/fb), CERN-PH-EP-2013-049 (PRD)

<+ N(y) >= 2, p1(y) > 50 > MET > 75 and photon vertex & timing

160—ATLAS

14 - Data 2011
EVs=7TeV,[Ldt=48f0"
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—e— Z— ee (2011 Data)

—8— Z— ee (MC)
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“Displayed™ Photon

arXiv:1212.1838 (5/fb), CMS-EXO-11-035 (PLB)

° . . . CMS 4.9 b \s=7TeV
n F T T = T ™
< N(j) > 3, pr(y) > 100 > MET and photon timing 2wt T
N raw 4
25000 [ AT caio 3
v £ B u,,=-0412£0002 7
q §20000 g Gray 2049940001 ]
B W =0015+0001 1
- : o 04380001 7
u =0.438+0001 -
M) © 15000 |- e =
1 g g :
E?iss §1000O E— —:
5 G 5000 [ -
i : :
e ey g gy 5
0-2 0 2 4 6
q ECAL Timing [ns]
&
g CMS4.9 fb! \s=7TeV
.5.10....,....,'...,....
> 10° CMS 498" L NE=TTeV P MBA0R”  NS=TTeV S . This experiment (4.9 fb™)
3 %) E =
8 10° o DATA [ orett-yanw (mc) - 7 £ 10° o DATA [ orett-yanw (mc) 4 < e e expected
= 3
E , |:| ¥ + Jets (data) D WIZ + Jets +7 (MC) 3 "g 107 |:| ¥ + Jets (data) D WIZ + Jets + (MC) B 8) 1 06 I:I observed
% 10 [] aco muttiet (data) [ + gets vicy 3 L% 102 [] aco muttiet (data) [ + dets (mc) L 3 . )
Lﬁ : [:] Bkg. stat error Eé 10 [:] Bkg. stat error E §‘ 1 05 (D:([?F .\::th ™+ fT +;J:[S (6236;:)1 )
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Stable Massive Particle

PLB 720 (2013) 277, arXiv:1211.1597
https://atlas.web.cern.ch/Atlas/6ROUPS/PHYSICS/PAPERS/SUSY-2012-01/

“+ Long-lived sleptons, squarks and gluinos
v High pT track + Heavy (m > 100) + Slow (large dE/dX, long TOF)

ne»r-»

r-\10 7 ¥ ~
& TLAS Data 2010_ il 10° T
L i GMSB: N;=3,m _____ =250 TeV, >0, C__=5000
(0] ger grav
= ﬂ 40_] 1T I TTTT I TTTT I | 2P | I,‘I | FL S I T |,4r I LI / T I LIl llA‘{\l LI l_
\; - "l ," "'l ,"' ' =1
° J 3 KA ’ X
35_ : p 3 e § ]
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! 1205 ) 251 j
qp (GeV) - Expected Limit (+ 10,,,) J A
> [T LA B L B B - ’ ,'":',' J -
§102~1.4TLAS 4 Data(2011,is=7TeV) | 20— ! ! ! !'{ =
= [l =, oA 3 B = = d (4 &N ' i
% EJ —L 1 JLdt—4.7 fb Bkg estimate 15 (syst) § B i :.‘ 3 g H —5:,‘ g:-' ]
re ] A —— GMSB A=90 TeV tanp=10"3 1 5 - O.' Q O (D,' O;' =
: Rt : - S 8 S:; 8 Si
SN 1.[ . === GMSB A=110 TeV tanB=10-] | Q'. N, gl' Q' N |
1B b i - = = =% = =
s r ; : ; - -
i L 5 10E ! Excluded ' - ]
-1 (4 — |5 : J : v =
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eavy Stable Charged Particle

arXiv:1305.0491 (20/fb), CMS-EXO-12-026 (JHEP)

“+» GMSB (stable stau), split SUSY (R-hadron), ...
v" High py track + Heavy (m > 100) + Slow (large dE/dX, long TOF)
20 CMS Ys=8TeV,L=1881fb" Tracker + TOF CMS y{s=8TeV,L=18.8fb"
/g E A i Dat'a (\s|= 8:n=:V)I E §) 102 3 Io Observed | H
% 18:— E e 2 ["A ] Data-based SM prediction
S 16F . .. MC: Q=2/3 400 GeV/c? -] o E | [ Stau (M =308 GeV/c?) ]
= E L?_]'Excluded E E 10k A
14t i : : *}} ;
12C - § B g
= - = A —
10F - a
] {—> 157 E
81 = " :
6F E 3 :
> ] -1 ]
4 . 10
z 5 |
O" L1 s | % 5 % ¢ 0 5 ¢ q
500 1000 10%, 500 1000
p (GeVic) Mass (GeV/c?)
m=p/ gy
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Long-Lived Charged Particles

Stau, Stop, R-hadron (gluino-quark)

CMS (s=7TeV,L=50f" {s=8TeV,L=188 1"

1800 | | | | | | ]

Q “® CMS ({s=7TeV,L=50fb" Vs=8TeV,L=1881fb" 7

A %1 6000 cMs (s=7TeV,L=50fb"(2012) >
I 0 W CMS \Vs=7TeV,L=50fb"(2011) 1
A ~1400Y ATLAS\s=7TeV,L=471b" —
S ‘E [ A ATLAS{s=7TeV, L= 37 pb’ ® " " i
=1200F ° &

o - CMS is = - 5

g'] 000 e updating ... - = v r

[ S [ v &

g 800 " -

i b4 d

2 600F v -

= J: Y

> 400 =

N _ v -

o) » ]

®» 200+ 8 ]

- | 1 | | 1 | =

stau stau stop stop gluino gluino gluino gluino

direct direct+ ch. (f=0.1) (=0.1) (=0.5) (f=1.0)
prod. indirect suppr. ch.
prod. Suppr.
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L)

*

L)

Disappearing Tracks (1)

http://link.springer.com/article/10.1007/JHEPO1(2013)131

AMSB: Wino LSP > M(C1) ~ M(N1) PP

C1 could have a measureable A |

lifetime ~O(0.1 ns) M) DX g i T i

Signals: X
v' pp~> CIN1 + jets
v pp~> CIC1 + jets

Look for C1 decaying in the inner

ner-»

low-p; charged particle scattered
in materials resulting in badly
measured track p;

reconstructed track
true particle track

TRT detector volume, leaving a S

small number of hits in the outer 7

TRT modules. éjz — ATLAs
BGs: h S0 MG reiton =7Tev, [Lat=a7

m mif =100 GeV, rf‘ =1ns (Decay radius < infinite)

’:’ High pT Char‘ged hadr‘ons (800/0) 104 | ‘mf‘:100GeV,tx“=1ns (Decay radius < 863 mmy)
< Low pt tracks wth large i o
bremsstrahlung radiation P s X
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Disappearing Tracks (1)

http://link.springer.com/article/10.1007/JHEPO1(2013)131

ne»r-»

<+ BG Estimate “* No excess over the SM
v' Derive the BG track pt shapes expectation
from CR  AM ~ 160 (170) MeV, M(C1) up

v Perform a "sighal + BG" template to 103 (85) GeV is excluded
fit to candidate tracks

m(y;)=100,200GeV 7(x’)=0.2,1.0,1.0ns

:> 104 v ' Dah 200 tanB = 51 M= Q
2 e Total backyound =0 T 7 T T === Observed 95% GLimit &1 opogy)
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E10 P, = =020 A¥
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llllIIIIIIIlllIIIIIIl

lllllllllll“-'_'
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Summary

ATLAS preliminary
JLdr =(44-207)fb" 1s=7,8TeV
Reference

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: LHCP 2013

Model e, T,y Jets Mass limit

EF* jm (3]

Summary of CMS SUSY Results* in SMS framework

LHCP 2013

kMS Preliminary

ror decays with intermediate mass
i_‘_wenm XM ne-(1-X)0m,

WSUGRAGHSSM 0 eses v 23 |ag ! 16V il ATLAS-GONF-2013.047 5o qad
MSUGRACMSSM few ap Yes 58 i) ATLAS-CONF-2012-104 3 aad®
MSUGRAGMSSM 0 Ti0js  Yes 03 1 sy iy ATLAS GONF-2013.054 g~ a0z
Q3. a-ar. L] 26 jets Yes 203 740 Gev “1 i) =0 GV ATLAS-CONF-2013-047 g-bb¥
0.0l o 26jts  Yes 203 1 ATLAS GONF-2013.047 s Gotx®
Gluing med. ¢ (g—+o%t") Teu 24 jeis Yes 47 ! 3 B 1208 4688 " el
ooz 20,4(8S)  dpts Yes 207 1.1 Tej ATLAS.GONF-2013.007 §oa@E~1"17)
GMSB (| NLSP) 204 24 Yes a7 1208 4688 G- qa2= i’ 17)
GMSB (1 NLSP) 121 O2jis  Yes 207 ATeV ATLAS.GONF-2013.026 5 T W [
GGM fbino NLSF) 2y o Yos 48 1 12000753 g qaX W' IR )
GGM fwino NLSP) teper 0 Yes 48 ATLAS-GONF-201! Gotf=t)
GGM {higgsino-bing NLSP) v b Yos 48 I 12111167 §— qaEEs D)
GGM {higgsina NLS?) 2042 O3 Yes 58 ATLAS-CONF-2012-152 L o %
Graviting LSP 0 monajet Yas 105 1 miG)» 10 v ATLAS-CONF-2012-147 5 G- IR)
i o s v e fE— G QT R W)
i gt} 2e.u(89 03 N 207 @ 'l oz )« 500 Gl ATLAS CONF-2013.007 G- qal,—17)
% it 0 T10jss  Yes n3 g . mi 1) <200 GoV ATLAS.CONF-2013.054 Gs bW
L ) o v Yes 128 it A OIS | oo o
bl bobi) 0 20 Yos 201 100630 GeV r ATLAS-CONF-2013-053 S
By bty 2e.u(88  03b Yes 207 430 GV I ATLAS-GONF-2013.007 SR
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4, (medur), 0 25 Yes 201 150580 GeV' I H Gy
teu I Yes 7 200610 Gev ATLAS-CONF-2013-097
0 20 Yos 205 320660 GeV L ATLAS-CONF-2013-024 g
2en(d 10 Yes 207 500 GeV. I miz) > 150 Gel ATLAS-CONF-2013025 .
300 i Yos 207 520 GeV' ATLAS GONF-2013.025
2en [ Yes 203 85315 Gev I ATLAS GONF-2013.049
2o 0 Yes 03 125450 GeV ATLAS CONF-2013.069 £
% 21 0 Yos 207 160-330 GV I iz} ATUAS CONF-2013.028 =
Ak = W L) depu o Yes 207 50D GeV i) = miz). mz}) 0. miL7) = 08mix}) o mz2)) | ATLAS-CONF-2013-035 2
1kt W2 den o Yos 207 315GV I )= i, W)
Direct 7557 prod. longiived ] et Yes 47 1enietm 12102852 £
Stabla g, F-hadrons 020, 0 Yos 47 12111567
GMSB, stable. low 2en 0 Yes a7 Setmp <20 1211.1587
GMSB, 1"-+7Glong ved 1 * 2y o Yos 47 I DA< s <2m 1304 6310 >
- a (RPY) ten 0 Yos 4 iz <1 m, Gccouied 1210.7451 <
LEVpR—+¥. 4, Vet Zen 0 - 48 x 12124272 " 30880
LFV pposv X, ¥ s0lp)et Tepet o - e 12121272 v
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- el Tow — e "
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8 2 it 5 210413 s 400 600
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1
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Summary of CMS RPV SUSY Results*
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Remarks

< [Question] How can we probe colorless SUSY sector if (i) heavy 1sf/2nd

generation squarks and gluino, and (ii) small AM (mass difference
between NLSP and LSP)?

“ [Answer]
1) Tagging energetic jets (+ MET) from cascade decays?
2) Tagging leptons?
3) Other?
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Remarks

< [Question] How can we probe colorless SUSY sector if (i) heavy 1sf/2nd
generation squarks and gluino, and (ii) small AM (mass difference
between NLSP and LSP)?
“ [Answer]
1) Tagging energetic jets (+ MET) from cascade decays?
2) Tagging leptons?
3) Tagging VBF jets > WW Collider

forward tagging jets
& ™~

o -\
1" |o

/.

and Neutralinos from Gauge Boson Fusion: A Way to Explore
Anomaly Mediation”, PRL 88 (2002) 181802.

2) G. Giudice, T. Han, K. Wang, and L.T. Wang, “Nearly Degenerate
Gauginos and Dark Matter at the LHC”, PRD 81 (2010) 115011
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DM Production via VBF
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<

L)

*

The final state is same as
% invisible Higgs signal.

L)

k +2'1 < But, Larger p; jets
J 1 % Cross section?
/1 v Wino-like DM
L v Bino-Higgsino DM
’ < Feasibility?
v ~B0 GeV Wino-DM at 8 TeV
A~ — v' ~1000 GeV Wino-DM at 14 TeV
W o v Bino-Higgsino DM at 14 TeV
5 ___«—— XM .
VO % More?
. v Example, disappearing tracks?
R
) ‘W AM =M (75 -M (%)) ~100 MelV
= Br(7* — 7°7%) ~100%
. P (7%)~ AM ~100 MeV/
jj+ MET + X () ;
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forward tagging jets W = >
/ N
@ -
/ @ ’ ¢

/

7= " (M, 0 —M,s,Cs M,s,s, )
T decay products 0 M, M,cyCs —M,CyS,
M, =
* - Mgzsyc;, MG, 0 —H
B~l=1+ e \ MzSws, —MaGus, - o
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ATLAS A¢ A Glance

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preiiminary
Status: LHCP 2013 ILdr =(44-207)fo" ¥s=7,8TeV
Model e, T,y Jets ETS J.Ldl‘ I Mass limit Reference
—TTT T T —T— 7T T T T —T— T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 18TeV m@=m(y ATLAS-GONF-2013-047
MSUGRA/CMSSM 1ep 4 jets Yes 5.8 m(@}=m(g) ATLAS-GONF-2012-104
MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q) ATLAS-CONF-2013-054
&&, a—uu? 0 2-6 jets Yes 20.3 m(E) =0GeV ATLAS-CONF-2013-047
ag, g-»qﬂi? 0 2-6 jets Yes 20.3 mF) =0 GeV ATLAS-CONF-2013-047
% Gluino med. %* (@—q%¢") 1ep 2-4 jets Yes 47 m(%?) < 200 GeV, m(% ") = 0.5(m%2)+m(g)) 1208.4688
'= ag-qaqallinex? 2e, 1 (SS) 3jets Yes 20.7 m(z?) < 650 GeV ATLAS-CONF-2013-007
-g GMSB (I NLSP) 26,1 2-4 jets Yes 4.7 tang <15 1208.4688
£ &% GMSB(INLSP) 1-21 0-2 jets Yes 20.7 1.4 TeV tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 27 0 Yes 4.8 m(i?) > 50 GeV 1209.0753
GGM (wino NLSP) Teu+y 0 Yes 4.8 m(2) > 50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 m(x2) > 220 GeV 1211.1167
GGM (higgsino NLSP) 2e (2 0-3 jets Yes 58 m(H) > 200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes 10.5 mG) > 10* eV ATLAS-CONF-2012-147
& o g-bby’ 0 3b Yes 12.8 m(%?) < 200 GeV ATLAS-CONF-2012-145
g E g-th? 2e, 1 (SS) 0-3b No 20.7 900 GeV m(iS) < 500 Gev ATLAS-CONF-2013-007
%; = gal{i" 0 7-10 jets Yes 20.3 1.14 TeV m(x?) <200 GeV ATLAS-CONF-2013-054
U] g—nﬁ" 0 ab Yes 12.8 m(?) < 200 GeV ATLAS-CONF-2012-145
bl by 0 2b Yes 201 b, 100-630 GeV m(z?) < 100 GeV ATLAS-CONF-2013-053
o S bp, bty 26, 1(SS) 0-3b Yes 207 | b, 430 GeV m(Et) = 2m(z?) ATLAS-CONF-2013-007
's % it (light), t,—bi; 1-2ep 1-2b Yes 47 |f,  167GeV m@?) = 55 GeV 1208.4305, 1209.2102
= 1t (light), x.abe 2ep 0-2 jets Yes 203 |§, 220 GeV m(E?) = m(t) - m(W) - 50 GeV, m(ts) << m(7}) | ATLAS-GONF-2013-048
a’ il (medium), I‘—)b;(‘ 2e, 0-2 jets Yes 20.3 21 150-440 GeV m(x%) = 0 GeV, mit;}-m(x}) = 10 GeV ATLAS-CONF-2013-048
< ., (medium), l1—>bx‘ 0 2b Yes 20.1 i, 150-580 GeV m(%%) < 200 GeV, m(z;)-m(i}} = 5 GeV ATLAS-CONF-2013-053
g ‘g 115 (heavy), ,—»tx‘ 1en 1b Yes 20.7 E‘ 200-610 GeV m(z%) = 0 GeV ATLAS-CONF-2013-037
E’ 2ty (heawy), to50 0 2b Yes 205 |, 320-660 GeV m(z8) = 0 GeV ATLAS-CONF-2013-024
B it (natural GMSE) 2e,u(2) ib Yes 207 |§, 500 GeV m(z?) > 150 GeV ATLAS-CONF-2013-025
totp, Lost+Z 3e, (2 1b Yes 207 |7, 520 GeV m(ty) =miz3) + 180 GeV ATLAS-CONF-2013-025
ILRILA, 1220 2ep 0 Yes 203 |1 85-315 GeV' m(E) = 0 GeV ATLAS-CONF-2013-049
> S i@, i‘—»w(ﬁ; 2e, 1 0 Yes 20.3 % 125-450 GeV ME?) = 0 GV, milv) = 0.5(m(z:) + mxS) ATLAS-CONF-2013-049
ol % z, A () . 21t 0 Yes 207 |y 180-330 GeV m(x?) = 0 GeV, m(E¥) =05(mit ;) + mx3) | ATLAS-CONF-2013-028
A=) 1- qu - ILvI I(vv) Wid(vv) e, p 0 Yes 20.7 i:, "xg 600 GeV mix;) =m(x2). m(z9) =0, m(L¥) = 0.5(my ;) + m(x%)) | ATLAS-CONF-2013-035
- z?U - Wi x x 3e, 0 Yes 20.7 "', "xg 315 GeV m(g$) = m(z3), m(x?) = 0, sleptons decoupled | ATLAS-CONF-2013-035
'§ Direct %77 prod., long-lived %, 0 1jet Yes 4.7 1< () <10ns 12102852
= % Stable g, Fl-halirons 0-2epn 0 Yes 4.7 1211.1597
T 9 GMSB, stable 1, low B 2e 0 Yes 47 5<tanp <20 1211.1597
8 E_ GMSB, ¥}—vGllongHived 7| 2y 0 Yes 47 04<1((%) <2ns 1304.6310
S if — qqu (RPV) 1ep 0 Yes 4.4 1mm<ect < 1m, gdecoupled 1210.7451
LFV pp—v +X, v —se+L 2e,p 0 - 4.6 Ry =0.10, &5, =0.05 12121272
LFV pp—v . +X, v —e(u)+T lep+t 0 - 48 23y=0.10, xwro.os 1212.1272
o ear RPV CMSSM fep 7 jets Yes 4.7 m(@) =m(g), o7 gp < 1 MM ATLAS-CONF-2012-140
& Kk z an_ z 2 seev LTI de 1 0 Yes 20.7 m(x?) > 300 GeV, &, > 0 ATLAS-CONF-2013-036
x T 1 —»Wx_v x| STV e, BTV ¢ 3e p+t 0 Yes 20.7 m(x?) > 80 GeV, &, 1?0 ATLAS-CONF-2013-036
g — 499 0 6 jets - 46 1210.4813
gt tyobs 2e, 1 (SS) 03b Yes 20.7 ATLAS-CONF-2013-007
Scalar gluon 0 4jets - 46 inl. limit from 1110.2693 12104826
g WIMP interaction (D5, Dirac ) 0 mono-jet Yes 10.5 . m(y) < B0 GeV, limit of < 687 GeV for D8 ATLAS-CONF-2012-147
1s=8TeV !
S| T 0 1 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 the / cross section uncertainty.

1 TeV
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9 qa &, —»11%)

3 qa(@=i 1)

G qa(@*> W' 1)
Ittt

3 qa(FE— 1V ED)

e o) gl

9—qq (x,—>Zx )

P -0 A0 30
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G- btwyz"

gluino production

squark
)
)

T b(F = W)
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shottomn
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CMS A¢ A Glance

Summary of CMS SUSY Results* in SMS framework LHCP 2013

: ﬂaﬁ’g%ﬁé?&’atop

i 505

CMS Preliminary

For decays with intermediate mass,
mu‘wtermechate = X'mmatl‘;er-(1-)().mISP

L1
800 1000 1200

Only a selection of available mass limits

*Observed limits, theory uncertainties not included f Mass scales [GeV]

Probe *up to* the quoted mass limit

Teruki Kamon

LHC SUSY Searches (ll)

48



CMS’ A¢ A Glance

CMS EXOTICA 5% L xcusion

q* (qg), dijet
q* (@w)
q(q2)

q*, dijet pair

q”*, boosted Z
e, A=2TeV
p*, A=2TeV

Compositeness

Z'SSM (ee, pi)

Z'SSM (171)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z'SSM (Il) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) kM =0.1

G (Z(hZ(qq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’ — WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, mTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

LL

\_
Teruki Kamon

RPV

[
| IMITS (TEV)

LQ3 (b1), Q=+2/3 or +4/3, 3=1.0

\_

LQ1, B=05
LQ1, B=1.0
LQ2, B=0.5
LQ2, B=1.0
LQ3 (bv), Q=+1/3, B=0.0

LeptoQuarks

stop (bT)

LHC SUSY Searches (ll)

b’ = tW, (3, 2I) + b-jet

q’, b'/t’ degenerate, Vib=1
b’ = tW, l+jets

B’ = bZ (100%)

T — tZ (100%)

t' — bW (100%), |+jets

t' = bW (100%), I+l

0 1 2 3 4 5
Summary of CMS RPV SUSY Results* LHCP 2013
g—qliv R
goalv 2 Prompt LSP decays

g—qlv lm
g— gbtu &'
~ 231
St RPV
2 233
~Q —qqq » s
9? qqqq A -
q—qliv lm
d—qliv 7‘123
~q —qlv i
g— gbtu 2!
- 231
q— gbtu 2'
- 233
g, —>d9aq 7~"m
t~R — uevt lm
CMS Preliminary

P 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I L 1 1 l 1
600 800 108 1200 1400 1600 1800
Mass scales [GeV]

't'R — ptvt Am
tg = thtu }»2”
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4 Leptons (e/mu/tau)

\

i) D 0% 2
PP =%, %, _)X1||X1||
S I TTTT I TTTT ‘ TTTT I LG I | 7 N % ) ]
(0] - . n
O 70 ATLAS Preliminary  —
g f Ldt=20715"{s=8TeV
T8 60 —_ meo-mo=5GeV ;
= - m% -mg = 80 GeV .
L - = Observed limit (+10,22) |
50 — —
L %Eml Exee Expected limit (=10, i
[ All limits at 95% CL =
40 0 -
30 j
o0 g ;
iz 400 O | | Iy rl G| I T ) I I A VO ‘ || | L1l I L1l I 4=
100 150 200 250 300 350 400 500
m.. [GeV]
1
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4 leptons

ﬂzoo ;

VII!IV[!I\I\

S‘ T T ‘ R | | 7 [ T T 1T | T 1T ]
o ATLAS Preliminaryfl.dt: 20716 (s=8TeV -
o i
€ 1100 & |: tan(p)=1.5 === Observed limit (=1opcl)  —|
_____ Expected limit (+10,,,) -
o s i
1000 ——— ATLAS 581b, Z+jets ]
All limits at 95% CL .
900 GGM tan ﬂ 1. 5 =
800 [ -
I L ]
700 =~ SN _
[ S Ot O Al T R b
C 300 400 500 | 700 nmx)[GeVT
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Can we probe DM Properties?

(M, 0 —M,s,C; M,s,S, )
M — O M2 MZCWCﬁ - MZCWSﬂ sw =sin(0y) cw = cos(fw)
=M M 0 —sin(8) 5=
- M_s,C, 2Cw Cy — U sp=sin(B) s = cos(s)
\ Mz sys; —MCy s, —H 0 )
My<<Ma # = 7212 ~B pure Bino 1 Bino Dark Matter ... production
Mp<<My, o= 2 =W pure Wino cross section is too small. We

pu<<My, M, = 72~H,+H, pure Higgsino

need to study decays of C1 & N2.
“ N1~ Bino

% C1~Wino.

% M(C1) ~ 2 x M(N1)

2. Wino Dark Matter
s N1 and C1 are Wino = M(N1) ~ M(C1)
3. Higgsino Dark Matter
% N1~ C1~Higgsino =2 M(N1) ~
M(C1)
4. Bino-Higgsino Dark Matter
April 2013 SUSY 51



