Supersymmetry searches in ATLAS
and CMS in hadronic final states

Sascha Caron
(Nikhef and Radboud University Nijmegen)



This presentation

Searches
for SUSY

Multijet topologies,

Boosted objects,
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Production rate

If R-Parity is conserved

then SUSY particles are
pair produced
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Cross Section [pb]

Where are we going?
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Analysis model - control regions

control
region
( )
QCD
control
~region |- region

(QCDI Wr Z)
top)

- Measure number of events in control selections
- Predict number of events in signal region via a fit to control regions
- Important : Test model and transfer functions

(e.g. by alternative control regions or methods)




Analysis model - control regions

Experimental uncertainties: Theory unceriainties:

- Trigger sfficiency -Generator modelling (pr, pr, ME/PS

-Jet energy scale and resolution matching, a: scale choice when possible -
-Lepton energy scale and efficiency otherwise compare generators)

-Er™= soft component - PS uncertainties (typically compare Pythia
-b-tagging and Herwig)

-Luminosity - PDF choics

-pilsup modslling

A U 4

- Measure number of events in control selections
- Predict number of events in signal region via a fit to control regions
- Important : Test model and transfer functions

(e.g. by alternative control regions or methods)




Large range of jet multiplicities needed




Large range of jet multiplicities needed

Compressed “Monojets”: J q
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Large range of jet multiplicities needed

Compressed “Monojets”:

Requirement

Anti-tag on low 30 GeV

Signal region

[y a——T

P_tjets
=>» Needs description of low

At most three jets

M3

Jet multiplicities preselection pT > 30 GeV and |n| < 2.8
.. jet ‘ .
and missing transverse pr = [GeV] > 280 340 450
momentum object, relying o Ep" [GeV] > 220 340 450
Initial state radiation Ag(jet, ERiss) > 0.4
Typical decay: 2-6 jets Long decay 7-10 jets
e I Signal regions in multi-je eam
Requirement Signal region — 7j80 8j80
2j1 | 2im | 2t | 23w [ 3j | 4jW Pt < 2.0
E’rfliss [Gev] > 160 p];t [GeV] > 50 80
p]"retl [GeV] > 130 Njet =8 =9 > 10 =7 >8
P2 [GeV] > 60 N”‘j;t ol1|>2]|0]1]|>2 — ol1]>2 1| >2
its [GeV] > - 60 40 ](;:> 4055‘(!"\|/1</22'5)
pl:l‘ft‘l [GeV] > —_ 40 T /\/_T [Ge 1> 4
- - . Signal regions in multi-jet + MJZ stream
Ad(je , B9 hin 0.4 Requiremen
oo BT s : B 0 T T
W candidates - 2W =) [ - [ W) ¥ (W) jel"Pst < 28
E%iss/\/H_T [Gevl/Q] > 8 I 15 o Pt [GeV] > 50
ErTniss/m]\g > _ 0.25 0.3 0.35 ]Vjet Z 8 | 2 9 | 2 10
- =
minel [GeV] > 800 | 1200 | 1600 1800 2200 1100 My [GeV] > 340 and > 420 for each case
< Emiss //Hy [GeV'/?] > 4




Part 2: Example analysis

Let’s have a detailed look at a recent search

for coloured SUSY by CMS to illustrate the
background determination
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Recent searches with M_T2

Two signal regions: JHEP 1505 (2015) 078
a) Jets, high pt, high M_T2 M) = min o (), )]
b) Search for mass peak M_T2 is generalization
. . Of transverse mass concept
Wlth nggs ebbar for 2 invisible particles
' BZ+jets [l Top A : <
P W+jets []Multijet ‘ L
: e ‘ High H;
>3| | P
o } Medium H,
Z el @ o ———
e | towh
2 4 30 200
N mlss [GeV]

Definition of signal regions and thelr backgrounds and subsequent d|V|S|on in HT and Etmiss



e Each of these regions is examined in M_T2 (Model-
dependent test)

Recent searches with M_T2

 Example M_T2 distributions for medium and high

sum of jet pt (Ht)

19. 5fb (8 TeV)
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Recent searches with M_T2

Example of background determination QCD multijets:
- QCD dominated region at low minimal delta phi between jet and MET

- Assumption is that transfer factor r (from control to signal region) is described
by this parameterization:

_ N(A(])min > 0.3) _ _
r(Mrp) = N (Db < 02) exp(a —b M) +¢ for M, > 50 GeV.

The parameters a and b are obtained from a fit
to data in the region 50 < MT2 < 80 GeV, see

next slide, procedure validated with simulated
QCD multijet events
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Recent searches with M_T2

19.5 fb" (8 TeV)
— L B L L I B
§ ;Nj=3-5, Nb=0, medium I-Lr CMS
= 10:—§ —+— Data .
5 | -¢-- Data (non-multijet subtracted) -
1§ 3
10k ¢ L Q ...... E
102} e
.............. o E
l:lilllllllIgllllllll|||L—

100 200 300 400 5_00
M., [GeV]

r is fixed to a constant (conservatively)
for high M_T2.

Various uncertainties on method
considered

Note that QCD multijet background is
small at high M_T2
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Recent searches with M_T2

W+jets background and top background Mainly stemming from “lost”

lepton events, 40% are taus

=> 1. Determined for each signal region by re-versing the zero lepton
requirement and asking 1 lepton and small transverse mass < 100 Gev
2. A “lost lepton” factor is applied to determine the expected
number of background events in signal region taking into account
the lepton efficiencies/acceptance “per signal region”. Uncertainties
e.g. by tag-and-probe method.

8 TeV

1 T
2 Hy > 450 GeV |

F—T 71 T T
- CMS

)

° . . O 0'91 imulation >2jets iets E

Z (vv)+jets background is estimated by © 0g- sam ook

selecting a control sample Bheo it E

S0t _

l 1 :_ .'.-.0 ® o |9 “ E

of y+jets events and then subtracting the 08, ot 4 g HT [

photon momentum in the computation of all 030 gk

the relevant event quantities, e.g. M_T2. Zand ok ;

gamma coupling expected to behave constant for pT Z>M Z A
200 400 600 800 _ 1000

(difference modeled with MC simulation) Boson p_[GeV]



Recent search with M_T2

Results: Many many signal regions (6 plots from many ):

700 19.5 b (8 TeV) 19.5 o' (8 TeV) 19.5fb" (8 TeV)
[72] LR L L [72] [72] -
< CMs N=2N=0 [Mutiet ] & 200F cms N=2,N=0 [Multjet I N=2,N=0 [Mutijet ]
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Recent searches with M_T2

* Higgs searches requires two b-tags close in delta R in
mass(bb) bins

e Shape of mass(bb) is taken from low M_T2 regions since no
correlation between M_T2 and mass(bb) is expected from
simulation



Recent search with M_T2

Here is an example from Higgs signal region
P 88> 518 & 19.5fb" (8 TeV)

Signal is gluino with Higgs decays.. S  20p T
8 18F CMS Low H; [JjLost lepton E
o ..f Wzevyets
- 16:_ ----Signal B
» 14F * Data =
T X ]
) =
> ]
L =
Interpretation: >40 signal regions considered 40 60 80 100120140160 180 200

and tested against SUSY predictions. My, [GeV]

Regions are combined into a likelihood
function and exclusion limits are calculated
for various different models...
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Limits and Signal Regions

Examples: Limits on gluino pair production for different gluino decays.
Longer decay chain limits problematic, first limit on gluinos with Higgs decays

19.5fb™ (8 TeV P

;-1000 ( ) - . 1000 19.5fb™ (8 TeV) _
~ o~ o~ ~0 . = — —
8 PP —>90,9—q7q X, NLO+NLL exclusion . % P33, NLO+NLL exclusion - -g_
l_o' - =Observed + 1 Stheory : g §1 -qQq 7(; 2; - W i? =—— Observed + 1 O ipoory : 'g
£ 800| 22 Expected £ 10,,mon 1, E‘IDQSOO §,5qq X ohy  GoiExpected 2o, | -§
4 = i 1 n
4 A i CMS 1 @
600 o 600 . S
[ -1 i 1 1 c
4 <10 - s . o
400 3 400} _ E
i - I e
d i y 1 Q
3 200} sl S
200 A v ] 3
e L X
V1T s &
Al[IIIIIIIIIIIIII:II-¥_10-3 g"'l"'ll"l{J 52

400 600 800 1000 1200 1400 00 600 800 1000

m§ [GeV] ma [GeV]



Run-1 data Overview

* Recent result from ATLAS 2015 summary papers

* Goals: Combination, complementarity, coverage
in the landscape of minimal SUSY (MSSM)

- Summary of ATLAS constraints in the pMSSM, 1508.06608, Accepted by JHEP
Inclusive squark/gluino searches, 1507.05525, Accepted by JHEP
- Third generation squarks (direct production), 1506.08616, Submitted to EPJC



Complementarity: 15t and 2"d

generation squarks
e Let’s start with a result:

~~ . ~ ~0
qq production g — g X,

— I I T T I I I | I l . T I I I T I T I I I T —]

800 — All'limits at 95% CL. -

— = = Expected (t15,,,) ]

— A TLAS === Observed (+1 Giif;) . —

700 :_ Is=8TeV,L=201b" - - -Expected 0O-lep. + 2-6 jets + E?'SS _:

[ ATLAS, L = 4.7 b {s = 7 TeV ) o miss ) ~ D

600 onton 2-6?ets :SETISZ e Expected  0-lep. + 2-6 jets + EI"*° (1 non-degen. q)__

E ' ---Expected Monojet E

500— -

[ - - - Expected 0-lep. Razor _

400 —

300 —

Note 400 GeV limits 200~ =
for non-degenerated - ]
in si e H¥ =

Squarks even in simplest 100 4 =
decay chain 0;'. B S

1000 1200
e ] m; [GeV]
Sensitivity of different methods and search channels needed already

for simplest decay scenario! 22




Background and signal regions

“Monojets”: Z->neutrinos
and W->lepton neutrino
dominant

Signal regions in ATLAS are typically
cut-and-count and limits derived

Medium (2-6) jets: by “best signal region” only
Z+jets and top pairs (CMS usually combines signal regions)

Many (7-10) jets:
QCD, top pairs
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Coverage beyond
simplified models

- Coverage studies by
running >20 run-1
analyses over >300000
MSSM points

- All MSSM points

selected to fulfill all
worldwide constraints
(e.g. on Dark Matter)

Analysis Ref. Category
0O-lepton + 26 jets + Emiss [57]
0-lepton + 7-10 jets + Emiss [58]
I-lepton + jets + Emiss [59]
7(7/0) + jets + Emiss [60] Inclusive
SS/3-leptons + jets + Emiss [61]
0/1-lepton + 3b-jets + Emiss [62]
Monojet [63]
O-lepton stop [64]
1-lepton stop [55]
2-leptons stop [65]
Monojet stop [66] Third generation
Stop with Z boson [67]
2b-jets + B [68]
th+Emiss | stop [56]
th [69]
2-leptons [53]
2-T 54
3 leptons { 5 21 Electroweak
4-leptons [70]
Disappearing Track [71]

Long-lived particle
H/A— 77~

Parameter Minimum value Maximum value
Ap —0.0005 0.0017
Alg—2), —17.7x 10710 43.8 x 10710
BR(b — s7) 2.69 x 1074 3.87 x 1074
BR(B, = ptp~) 1.6 x 1072 42 %1079
BR(B* — rtv,) 66 x 10~° 161 x 10~6
Qg0 h2? — 0.1208
Cinvisible(susy)(Z) — 2 MeV
Masses of charged sparticles 100 GeV —
m(xE) 103 GeV —
m(iy 2, di 2, ¢1.2, 512) 200 GeV —
m(h) 124 GeV 128 GeV




Here ATLAS, Similar studies from CMS

Coverage beyond simplified models

ATLAS pMSSM: z? LSP
. . = L A A A |1' L R A 1
Fraction models in & 1s=8TeV,2031b"
<~ 1000 —— § — qq, [1405.7875] 08

gluino-neutralino space S
(well covered by simplified models)

m(

0.6

500~

~
Fraction of Models Excluded

Most constraining search is 2-6 jets + MET

o
(V)

ATLAS oMSSM: 7° LSP 0 500 1000 1500 2000 °
'_‘1000 T T T T T T T T T T 1! T 1 ~.
g i L g —>lq;z° [1405.7875] | § m(g) [GeV]
S | s=8TeV,2031b" ' ] E
C?A_ soo- e 44 — qx1 [1405.7875] <
= w . . .
£ @ Fraction of models in min(squark)
i g .
600F S vs neutralino space
sook I =>» Less well covered by simplified models
o
' 3
200] = =» Different decays g_L and g_R, different
i Masses?
% 500 1000 1500 =» Low mass squarks not excluded yet2!5



R_p violation multijets

no MET and a huge background from QCD.

2 recent results on this:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2013-07/

(RPV gluino decays -> jets)
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-026/
(RPV stop -> jets)
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R_p violation multijets

no MET and a huge background from QCD.

2 recent results on this:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2013-07/

(RPV gluino decays -> jets)
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-026/
(RPV stop -> jets)

> FrorrprrrrprrTT | T TTT | T TTT | T I.I T .l T TTT | I:

S 400E— ATLAS Preliminary _1

> 4_| L — L L L B L B B B o E \’E=8TeV,17.4fb'1 E

8 10%F 2N 8-Jet Template, Data = C e Data 2012 3

o e, —e— 4-Jet Sample, Data, SR ] -'g 3005 — SM tota_l . _E

'© 10 ey I uncerainies g I PownegsPyhia tbar

2 i & m(§, %) = 800, 175 GeV . —— m;=100[GeV]

20 = i E . ———m.=150[GeV]

L<I1>JJ 10 \ \\% N ATLAS . 200E mfzoo [GzV] E

i : Y 1s=8Tev, 203" ] c A ——— m =250 [GeV] 3

10F \ : \\ 4jSR, p$>250 GeV - c S ¢ —— My= 300 [GeV] ]

: \ : 100F -

1- 3 g E

() \\\ 1 E e ' E

Q 20 I > DFf e ]

& 15 T e * ....... :

1.0 Interesting searches .--* i

) . o . . . ® [

eI - Using large R jets (reclustering of anti-kt jets) | lﬁ

= 0 250 500 : : S R
T - Using data-driven QCD estimation 0 350 400 77
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R_p violation multijets

no MET and a huge background from QCD.

2 recent results on this:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2013-07/
(RPV gluino decays -> jets)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-026/

(RPV stop -> jets)
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m._,
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~ o~ L~ 0 0
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L — T T T

| Expected limit (+1 o) ATLAS
——— Observed limit (+1 thiffy)
All limits at 95% CL
| {s=8TeV,20.3fb" _
¢
o@‘@\

-
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O
%‘3&\'\
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t-t production, t — bs (A,,;#0)

ATLAS Prelimin
{s=8 TeV, 17.4 fo™'

Expected limit

T | T
ary 3

10k Observed 95% CL limit |
= [ +1 o expected limit 3
- [ £2 o expected limit
102 ——— ¥icross-section (NLO+NLL) E
:l 111 1 | 1111 | 111 I L1 11 | 1111 | 111 | |:|
100 150 200 250 300 350 400

m: [GeV]
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Run-2 P

e Various control distribution from ATLAS and
CMS well described...even for 7 jets

g = T I | LI I T T T | T T T | LI I T T T | T T T I LI I T T T | T T > = T T T T | T T T T | T T T T | T T T T | T T T T | =

B 10t L™ ATLAS Preliminary o Data(\s=13TeV) | & F - —e— Daia 2015 (s - 13 TeV) J

O 72 pb™ =2z Total background E S L ATLAS Preliminary — SMTotal ]
® et [ Multi-jets (==6-jet data) 1 o _ ¥ .

@ L Ctio gLl ] - 10° = L=78pb 0 waets =

51035— W - v +jets = ® E Top 3

o = HZ v, |l +jets 3 S B zjets ]

C I Single top ] 2 L ) |

102 . = e (1300,200) x 100 ] IThpeI I Divoson B

; ==7 jets p, > 50 GeV, | < 2.0 § E CRW selection 3

10 SRETS = - §

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10 =

1k z :

z L

1078 -
c 2_ :
o E
RIS T O g T
B L B S A5 N
a 1® e ~
-~ Eo b ©
%0.5: : 3 -Es'
[T} - L L " L L L = ()

0 2 4 6 8 10 12 14 16 18 20

1500 2000
m.(incl.) [GeV]

ETmiss/VHT template (exactly 6 jets) applied to O-lepton 2 jet selection control region
data with exactly 7 jets. 29
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All-hadronic search using M, CMS-DP-2015-035

Inclusive search with My, in bins of Hy, N; and N.. Run-2 CMS example
M|, = sTransverse mass, designed for final states with 2 missing particles

An important background is W or top with missed leptons or taus.

Measure M, shape in single lepton control sample.
42 pb™ (13 TeV)

% 40 = I | T | I. I I. I | e I T I T I T \ e I rrT -‘t > 9 [rrrryrrrrprrrrrTrTT l T T T ] T T 1T ] T 17T 41-2 |p|b T 1(13| -]I-?V_)
& - ﬁ“ﬁs':fae:\l,mmarv \ Dat . S = CMS Prellmlnary ]
o 35 - ata — 8 H, > 450 GeV + Data -
e} 221 Ob, 1 lepton . o C 2 2b. 1 lept .
- 1 My, > 100 GeV . b . U\’ - :II l’>2100’Ge$lp on ]
42 30F ttbar — @ = .ttbar =
[} C . 7 ‘q:) 6: 7
> - - o . —
g st I W+jets E 2 e B W+jets E
C . 5 —

20— — ]

15 —: 3

10 — :

5 — .

- | I | | 1111 | 111 1 | | I | | 1111 | 11 1 I:

100 200 300 400 500 600 700 800 9(’[(ée<ﬂOO 100 200 300 400 500 600 700 800 900 1000

M, M., [GeV]

(®) o O o B L B B L B o S ——
% 1.5 - S 15 ? —
- LR O S SR R -

O o5 - a
S UK T TSSO 05 1 :

The M, distribution in the single-lepton control region is compared to (normalized) MC for
events passing the baseline selection and having exactly zero (left) or two or more (right) b-tags.



Material for discussion

Run-2 provides 13 TeV center-of-mass:

* |f DM particle is at 100 GeV still, likely to expect
multiple decay steps (squarks to heavy neutralinos/
charginos)

=>» Possibly boosted multi-boson decays
=>» High jet multiplicities become even more important

=>» High boson multiplicities become even more
important (maybe 2-3 W/Z/h bosons per event)

* On the other side we should not forget the low mass
squarks.... Low jet pt, low MET =2 precision physics!?



Summary

Final analyses of 8 TeV data with “highly
developed techniques” also for background
determination

Still relying on MCs for signal and background
(note that Pdf uncertainties will become
important at high susy masses)

First 13 TeV data

High jet and boson multiplicities becoming more
important for SUSY searches
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Additional material



All-hadronic search using M, CMS-DP-2015-035

Inclusive search with My, in bins of Hy, N; and N.. Run-2 CMS example

M, = sTransverse mass, designed for final states with 2 missing particles

Another important background is Z—vv. Estimate with photon sample, multiplied by Z/y ratio.
Validate this by measuring the Z— £ to y ratio & validating photon purity measurement.

9 02 LI L L B B B ?Mslp|rlellln|“|nla'|’yl 4'|2|p|b| a? |V|s| |1|3|T|ey CMS Preliminary, 42 pb-1 at \‘E = 13 Tev
g 0.18:_ Zzi, 20[) . Data = é 1_| TT | T TTT I rTTT ‘ TTTT | TTTT | TTTT I rTTT | TTTT
- = — Simulation 5 -
~ 0.16 — o P
= " F : c ¢
N 0.14 ; *: 9 0.9 )K ” ]
0.12F = 2 - —T—
r ] o i
0.1 — ] B 7
» ] 7 08 I ]
0.08F - i i
0.06 _—# T E :
0.04F — 0.7 - -
0.02 - L
| 11 | | 11 1 1 I ] | | | | 1111 | 11 1 1 I 1111 | |
00 250 300 350 400 450 500 550 600 0.6+ .
M., [GeV] " H, >450 GeV “S- MC Purity
O 2E llllllll LA UL AL AL N L L L L L B IE : 22j, 20b Template Flt |
E 1'5;_ _g 0 L 111 | | - | L 111 ‘ | | L1 11 | | - | L 111 | L 111
s 1E '3 + e 'EOO 250 300 350 400 450 500 550 600
S e L E M., (Photon Removed) [GeV]

Left: Ratio between the yields in the Z — £*/~ control region and the photon control region as
a function of M. Right: Prompt photon purity in the photon control region as a function of
Mr,, comparing the results of the template fit to the shower shape and the MC prediction. 35



M t2 gamma+jet background

19.5fb" (8 TeV) 19.5fb™ (8 TeV)
> LI I I LI A ) | LI I LI B I LI I | I e > _l LI I T I LI I LR I UL l rrra I LU | i l_l
[0)] 10° CMS Low H, Multijet | QO - CMS Medium+high HT Multijet
O 1photon EOther 3 O qp%L 1photon EMOther =
o BMPhoton o MPhoton
2 e Data . s . e Data ]
n | N 403
— — 1 0 = 3
C — [ = 3
[} 10° ; 3] - ’
> ] > ]
LIJ : LLI ) - .
i 10°E E
10 ]

10

1 11 | I 11 1 1 I L1 1 I |- 1;_
200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
M., [GeV] My, [GeV]

Figure 5: Distribution of the M, variable for data and simulation after requiring the presence
of one photon, Ny, = 0, and the remainder of the inclusive-Mr, selection criteria. Events sat-
isfying the low-Hr selection (left), and the medium- and high-Hry selections (right) are shown.
For these results, My; is calculated after adding the photon pr to the EXss vector.
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MT 2 systematics

VIL LIlL O udiwilL Lbbl\}‘l Ly caliva i I.] t.ll.\.u]. iacL 16\,0 VI LIIULALL Udly J1L1lVYVILILe JUVUILILLYD VUl UillLull v I.L] LiLaL

change the shape of the Mr; distributions in the inclusive-Mr; analysis or the shape of the M,
distributions in the Mr,-Higgs search are marked with a cross in the last column.

Process Source/Region Effect  Shape
. Mt < 200GeV 10-50% —
Multijet Mrz > 200GeV 50-100%  —
Lost-lepton method (sys @ stat) 10-65% —
b-tagging scale factor — X
. Jet energy scale — X
W(¢v)+jets and Top Matchilgg scale o «
Renormalization and factorization scales — X
System recoil modelling — X
Systematics on Z(vv) /vy ratio (Np, = 0-1) 20-30% o
Z (v7)+ets Systematics on 1b/0b ratio from Zy, (N, = 1) 10-75% -
Statistics from y+jets data (N, = 0-1) 5-100% —
Simulation (N, > 2) 100% -
Integrated luminosity 2.6% —
Trigger efficiency 1% —
. Parton distribution functions 5-15% —

Slgrlal | PR I S [ W R = ANOo/
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Overview plots



ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: July 2015 \Vs=7,8TeV
Model &Y Jets ET™ [Laim] Mass limit V5=7TeV |  s=8TeV Reference
T r T T — T T T T T T
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 203 | @& 1.8 TeV m(g)=m(z) 1507.05525
34, qﬁq)?g 0 26jets  Yes 203 [a 850 GeV m(¥})=0 GeV, m(I* gen. d)=m(2™ gen. §) 1405.7875
@ 44, G—agX i (compregsed) mono-jet 1»3I jets  Yes 20.3 q 100-440 GeV m(g)-m(¥})<10GeV 1507.05525
£ a0 G-l 2e,u(off-Z) 2jets Yes 203 |§ 780 GeV m(¥))=0 GeV 1503.03290
§ & &-al 0 2-6jets  Yes 203 |& 1.33 TeV m(¥})=0 GeV 1405.7875
O 33, 2—-qql] —gqW* )(1 0-1e,pu 2-6jets  Yes 20 |2 1.26 TeV m(¥})<300 GeV, m(t*)=0.5(m(t})+m(z)) 1507.05525
<g 28, g—)qq([[/[v/vv)/\’l 2epu 0-3 jets - 20 g 1.32 TeV m(¥))=0GeV 1501.03555
= GMSB (7 NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 g 1.6 TeV tanB >20 1407.0603
@ GGM (bino NLSP) 2y - Yes 203 |2 1.29 TeV ¢7(NLSP)<0.1 mm 1507.05493
T:J GGM (higgsino-bino NLSP) Y 1b Yes 203 |2 1.3 TeV m(¥])<900 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
i GGM (higgsino-bino NLSP) Y 2 jets Yes 20.3 g 1.25 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, 1>0 1507.05493
GGM (higgsino NLSP) 2e,1(Z) 2 jets Yes 20.3 g 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 107* eV, m(z)=m(3)=1.5TeV 1502.01518
£ g—bbY| 0 3b Yes  20.1 g 1.25 TeV m(X )<400 GeV 1407.0600
Lo gz g_na"/g 0 7-10jets  Yes 203 |& 1.1 TeV m(E}) <350 GeV 1308.1841
] S 38, 31X 0-1e,u 3b Yes 20.1 g 1.34 TeV m(¥})<400 GeV 1407.0600
N0 o5 5sbik)| 0-1e,u 3b Yes  20.1 g 1.3 TeV m(¥1)<300 GeV 1407.0600
©S bbb _,b)(‘l’ 0 2b Yes 201 | B 100-620 GeV meE’ 1308.2631
§ S bibi, by —nx, 2e,u(SS) 0-3b Yes 203 | 275-440 GeV 1404.2500
o3 hf, bt 1-2ep 1-2b Yes 4.7/20.3 | #[10-167.GeV 230-460 GeV £)), m(t))=55 GeV 1209.2102, 1407.0583
29 an, Wbt or i) 0-2e,u 0-2jets/1-2b Yes 203 |#&  90-191 GeV 210-700 GeV 1506.08616
§’ % 71, ii—ok) 0 mono-etictag Yes 203 | & 90-240 GeV m(;,)-m()??)<ss GeV 1407.0608
- © ffj(natural GMSB) 2e,u(2Z) 1b Yes 203 |74 150-580 GeV m(¥})>150 GeV 1403.5222
@D iy, hoh +Z 3e.u(2) 1b Yes 203 |7 290-600 GeV m(¥))<200 GeV 1403.5222
Iirlig, I—00) 2e,p 0 Yes 203 |7 90-325 GeV (7))=0 GeV 1403.5294
X0 X =ty 2e,pu 0 Yes 203 |X} 140-465 GeV m(¥})=0 GeV, m(Z, 7)=0.5(m(¥T)+m(t})) 1403.5294
- )21“’ X1 —#v(rv) 27 - Yes 203 | X 100-350 GeV m(¥})=0 GeV, m(%, #)=0.5(m(¥} )+m(¥})) 1407.0350
= Q v aa[Lv[L[(vv) 9T L) 3e,u 0 Yes 203 | ELE) 700 GeV m(ET)=m(¥3), m(¥] =0, m(Z, 7)=0.5(m (¥ T)+m(E?)) 1402.7029
e )zf)z Wzt 2-3e,u 0-2jets  Yes 203 | XK 420 GeV m(/ﬁ) m(¥ ) m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
/\73/\7 —>W)(] hX1, h=bb|WW/tt|yy ©HY 0-2b Yes 20.3 )?* X 250 GeV m(¥T)=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
RS, 095 —lrt 4ep 0 Yes 203 | X5 620 GeV m(¥3)=m(3), m(¥})=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. Teu+y - Yes  20.3 14 124-361 GeV cr<imm 1507.05493
Direct ¥ ¥| prod., long-lived ¥; Disapp. trk 1 jet Yes 203 |& 270 GeV m(¥})-m(¥])~160 MeV, 7(¥1)=0.2 ns 1310.3675
- Direct ¥1X] prod., long-lived ¥T  dE/dx trk - Yes 184 | X 482 GeV m¥i)-m(¥})~160 MeV, 7(¥i)<15 ns 1506.05332
g 3 Stable, stopped g R-hadron 0 1-5 jets Yes 27.9 g 832 GeV m(¥})=100 GeV, 10 us<7(3)<1000 s 1310.6584
S G Stable g R-hadron trk - - 19.1 4 1.27 TeV 1411.6795
8’ E GMSB, stable 7, )??—ﬁ-(é, p+r(e,p) 1-2p - - 19.1 )?I 537 GeV 10<tanf<50 1411.6795
S 2 aMmss, )?‘]’—Wé long-lived ¥} 2y - Yes  20.3 )26 435 GeV 2<-r(/\7|)<3 ns, SPS8 model 1409.5542
38, /\/(])_)ggyt{e‘uy/'u'uv displ. ee/ep/pu - - 20.3 ib 1.0 TeV 7 <(T(X|)< 740 mm, m(3)=1.3 TeV 1504.05162
GGM g, | —ZG displ. vix + jets - - 20.3 7 1.0 TeV 6 <ct(¥))< 480 mm, m(g)=1.1 TeV 1504.05162
LFV pp—v, + X, Vr—eu/et/ut e, eT,uT - - 20.3 Vr 1.7TeV  4;,,=0.11, A13/133/233=0.07 1503.04430
Bilinear RPV CMSSM 2¢,u(SS)  03b Yes 20.3 7.8 1.35 TeV m(g)=m(g), ctsp<1 mm 1404.2500
)?1)?1’,)2] —)W)Z?,)(?—mev,,, epve dep - Yes 203 |iF 750 GeV m(E)>0.2xm(E%), 1310 1405.5086
S XN SWHL srrve ey, Ben+T - Yes 203 | % 450 GeV m(E))>0.2xm(¥5), 11330 1405.5086
Q32 8—qqq 0 6-7 jets - 20.3 z 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
o 38, 3%, ¥ = qqq 0 6-7 jets - 203 |2 870 GeV m(¥7)=600 GeV 1502.05686
88, 3—ht, [ —obs 2e,u (SS) 0-3b Yes 20.3 g 850 GeV 1404.250
fif1, fi—bs 0 2jets+2b - 20.3 L 100-308 GeV ATLAS-CONF-2015-026
fif, Hi—obl 2e,u 2b - 203 | & 0.4-1.0 TeV BR(f, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, a_>o\7‘,’ 0 2¢ Yes 20.3 490 GeV | m(¥})<200 GeV 1501.01325
107" 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 theoretical signal cross section uncertainty.



gluino production

squark

stop
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slepton EWK gauginos

RPV

Summary of CMS SUSY Results* in SMS framework
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CMS Preliminary

For decays with intermediate mass,
=Xx-m +(1-x)-mIsp
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ATLAS Simulation Preliminary

I L dt = 300, 3000 fo~, s = 14 TeV
0-lepton combined

ATLAS 20.3 b, s = 8 TeV, 95% CL
mmmmnt 95% CL limit, 3000 fo™", (u) = 140
smmmms 95% CL limit, 300 fb'1, (uy =60
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