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Lake Tahoe, 2012 (youtube)

Evidence for “exotic phenomenon”

598k views in three years
for comparison: CERN Higgs discovery seminar: 87k views in tree years
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Introduction

e SMis incomplete (DM, hierarchy
problem, gravity, neutral atoms

)

e SUSY is able to provide
simultaneously solutions to

LHC, /s = 8 TeV

Otot

diJet(pr > 100 GeV)
fs)

p—
-
@)

some of these shortcomings = -
= "
e SUSY is broken: Masses are 2 . A diJet(pr > 400 GeV)
o _ e
heavy and cross sections are low & el
A ha A%
e Most attractive when masses in Q% |
TeV range — searches @LHC Z' (C=01-m)
e Challenge: suppress and 10-3 Z' (L'=0.01-m)
understand SM backgrounds 7
with orders of magnitude larger |-t . \aq
10 100 1000

cross sections Scale / Mass [GeV]
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C. Sander

Compact Muon Solenoid

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 um) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 yum) ~200m?* ~9.6M channels
Magnetic field :38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

>
> = “ \

g <
CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

¥y

Iy ,‘ 5

B
h \—\
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HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

~




number of events / 15 GeV

JEC uncertainty [%)]

Physics Object Performance

CMS Preliminary 2012 . CMS Simulation 2012 1s=8TeV
o 1
115" at is = 8 TeV & TTh'l<1.4442
B Z—w ;:"',
B W-=i(=eurx WO9H ™ PSS S S ot S SRR
W Z-U(=epnT) ! skl 7
B top .
[ QCD multijets . o8 . —.__._W
—— data (before 2012 cleaning) - P )
—«— data (after 2012 cleaning) 0.7:_ .- _
PFE, .
0 6: —e— Loose
T —e— Medium
0.5/ - Tight
107 500 1000 1500 2000 2500 3000  0.4-—slesslaiiloiido b b
% 20 40 60 80 100 120 140 160 180 200
E; [GeV] E! (GeV)
) CMS Preliminary, (s =8 TeV, [ Ldt = 19.6 "
1CMS preliminary, L= 116" (s=8TeV > : /
A AR I WAL S BT ]
g & Total uncertainty 1 8 - §
43 Absolute scale ER - e :
8k -~ Relative scale S 08— . y
: + Extrapolation ] ]
7F « Pile-up, NPV=14 s V) R ]
. Jet flavor .
3 + Time stability ] o i €(0.0, 0.8)
5 : - .
: Anti-k, R=0.5 PF : ok Deta ]
4 p,=100 GeV N 1 « DY (MC)
- - | A 1 1
.3 ER .
2K 3 8 Vsl -4
s 5 & 1.08 - ~ . _,:
: R W mm W WYYTEC o.:s . i ;
o+ . R Ly -t 0 20 % 80 80 00

SUSY Searches at CMS

CMS 2012 preliminary, \s =8 TeV

N *« Data
S 0 B b quark
o [7] b from gluon splitting
=~ [ c quark
2., I uds quark or gluon
Q
L 10* ;
10°
10?

-

S5
1 ......00o........0...0000.00‘000....0'.Q'.0°Ooo.*
5

0 01 02 03 04 05 06 07 08 09 1
CSV discriminator
>
210°f 2011 Run, L=1.1M1" | "-'93.""’”"
o CMS \s=7TeV -y
!w’ B, ='W
Y -y
g 10 i low p_double muon
@ high p,doubbmuon
10° .
10’-!
10-!
"
10"1

- T T

1 10

T

dn:uon mass [GeV)

Great performance for all
physics objects
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e Conclusions
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Light gluinos Light top-squarks
High Niet so| ¢ Small cross section

Dossibly: high Np-tag ' se| e P(_)ssiole signature:
Possibly: leptons (e.g. SS (N tt + MET

Light winos and higgsinos \

e (Very) small cross section B

e Cleansignature, e.g. . \f
with leptons + MET

C. Sander SUSY Searches at CMS SUSY 2015 - Lake Tahoe 14




Inclusive Searches ——

Very sensitive searches in all-jet final state, for example:

Mpr: extension of transverse mass to two invisible particles

M2, = min (max (m%(pF, p?), m3(pt. p%)))
pé[]-“l'pT:ET

Trigger: Hr>650 GeV; MET>150 GeV; Hr>350 GeV & MET>100 GeV

Selection: at least 2 jets; no light leptons (e or u); Mt in bins of Hr, Niets, Np-tags

Data driven SM bg estimation A WZiets WTop ) |
B Wajets []Multijet [ o h
Sensitivity to several top- e High H;
- e
logies: ..
Medium H;
« Squarks (even stops) 3 1 R
Low H
« Gluinos [ bl
« h(125) in SUSY cascades ,
30 200 g

ET™ [GeV]
SUS-13-019, JHEP
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Mq,: Selection of Results

30 40 60 80 100 120 140 160 180 200
M, [GeV]

, 1957 (8 TeV)
19.51b" (8 TeV) < 800 = _ —_
DT T T T T T T T T T T T T T T T T T T T T T T T O ppadﬁ,d—»qx‘NLOMLLexcluswn -
= cMmS | [ Muttiet (.2._ ==Observed + 1, _g'
T §=L°S' lopton, SMS Interpretation: £ g, | =00 oo g
| Z(vV)+jets . .
|« Dala Direct squark production 8
102 S
10" S
10 e oo b el ;—E
g
Q.
=
AR AR A A A LR A A 3
FrrrrrIosrrosoorasizrareTos P <
glzgi;i%%glzgigizi%lrgigizﬁg 13 o
oW H Kiediam ™ igh H 1000 1200
Signal region my [GeV]
19517 (8 TeV) < 1000 195" (8 TeV)
> = . . —
o 22°CmMs  Hognr @lostepon S SMS Interpretation: I NN exchsin g
20 W Z(7)+jet E = 0.-qqi ¥ -W'® =Ovsenvedtioc,,,
wn HT > 750 Gev (vW)+jets = : : : I ' 0 -0 o Wi +1,2¢0 S
- 18 -~ Signal 3 Gluino production with h(125)  £¥800[ 5, saai i ong i Eweced=i 2o, =
> 16 M >125GeV | .. ERD . - : 2
£ 7 indecay chain - CMS 14 3
[4)) 14 - q 600 - o
> - 5
m 12 = ¥ 4 J -
10 E : P : 5
8 = ) Ph-w
6 E ]
4 4 200 -
2 - ;g
= n
[ 3
£00

SUS-13-019, JHEP
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Gluino Mediated 3™ Gen. Squarks

e Most sensitive search: 1lepton + 6 jets + 2 b-tags

High object multiplicity (jets, leptons, b-tags)

Hr > 400 GeV & SI¥P = f1 4 pP > 250 GeV

Combination of various searches:

CMS 19.5fb (8 TeV)
L | | -
;‘ 600 Observed EC N
O "7 e Expected EC st~ .o
(D | -~ .'.." -
E?f - .‘gyx“?@”“ -
400 T : _

— ol
—
—— 082 i
SS2l

200

Also sensitive to other topolgies
with 4W in final state:

P, W
-~
\ bl _ - -.’JJ
” X] .c‘ ~O

S~ P X
' — 23 - TP ¢ (PRSI
_ l _ b b o
0 m— Comb. ; y W
. | | ] ] ] H | T
500 1000 _ t
SUS-14-010, PLB m. [GeV]
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39 — bbbbX2%Y & bb* — bby9%®

Hadronic searches
with b-tags also

(!
sensitive to “light”
bottom-squarks 0
(direct production
or gluino
mediated) 19.5 o (8 TeV)
~ | ....... . < 800 -
& 10001 CMS Prellmlnary —— Observed 1 o pp—>bb,b-b 'x" NLO+NLL exclusion
% - \lg 8 TeV ~ Observed =1 of;,”s‘r’v . 9 =——0Observed + 1 oﬁmw — 10
nE. i ICHEP 2014 - Expoctod ] chx' ii% Expected £ 1, 2 I 3
. e B a0l N 600
Limits on SUSY ! - - CMS

—

masses 600
comparable to
SMS

400

.
- —
e X . 5 -
P —
.S A -~ -
P " —
. 5 - - -~
s 35 " ] 4
Al 3 =
) 1L ] 400+ — -
1 -
: 1
] A - ot -
P\ - r N -
U 1 - - o % -
: - ceessresggrel’im b
I ! A N =
: 1 - - - - .~ -
' ) Y - e e -
1 - -
[ Se -
' - Yy -
-
—

SUS-14-011 (Razor) 19.3fb" =

interpretations 200 svs o goony e |4 § |

SUS-12-028 (a,) 11.7 fb™

with light squarks | wwsrson wo wow i| F

| 1 1 ] 1 1 1 1 1 1 | 1 1 15

1 1
%0 600 800 1000 1200 1400 500 400 600

gluino mass [GeV]
SUS-13-019, JHEP ~ My [GeV]

|
2
95% CL upper limit on cross section [pb]
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C. Herrera ‘Wed‘

CMS Prellmlnary i’§ 8 TeV L= 19 7o’

Razor 1y +2 1 jet: High R’ Y Sample

. 68% Shape Syslematic
= o Estimation in High R?
—+ —e— High R? Data (yy)

1135225335445

If LSP is gravitino, NLSP is neutralino (or chargino) M, [TeV]

. . . . GGM Bino-like - pp— @)/ — (F°— Gry) (7°— Gry)+jel(
Dominant NLSP decays in General Gauge Mediation: S e f;za,gfej’
e “bino-like”: )2? — v+ G i ks = Obesryed Bukusion

03 Bxpected Exclusion £ 10, e Observed Exclusiont 10,

Cawd

o “wino-like”: ¥ = Z°+ G or {7 = W+ G S 20005 &
“— 1900F 2
Search with >1ys, Hr > 400 GeV, MET > 100 GeV £ g00

-
=5

95% CL upper Iimﬁ on cross section [fb)

SUS-14-004, submitted to PRD 1700F

Search for 2ys+jets with razor variables Mg and R? 1600E- =
. ‘5005 12
M = (Bl + B~ G tpeal | e 8
ME — \/l (ET(qu ) _ ET(—*ql —»q2)) B Mg ‘200;20013001400150016001700180019002000 ’
! 2 T J SUS-14-008 m; [GeV]
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Di-Lepton + Jets: “The Edge”

. , ~0 . ~0 . . CMS 19.4 fb (8 TeV)
Generic signature in when X> decay into the X7 via a light AR i AMAARAML AR
o gl
slepton or off-shell Z, e.g. q, ¢t (7 b | Background
S 140F - Il DY (from data)
& 120F . [ Sys. @ Stat.
——————— -« -—————= -« wn E
7 X I X %,100:— |
- . © 80F + Central leptons
Mass edge sensitive to mass differences &
2 2 2 2 %
ms, — ms )(ms — ms
2\edge __ ( X5 /R)( Ir Xcl)) 20
(my) — 5
Iy 0
Ir
2’ E
Search with MET > 150 (100) GeV + > 2 (3) jets + 1 OSSF g | 1
ire 8 )
lepton pair: s £ = ,
. _ 50 100 150 20 250 300
e Flavour symmetric background (eu <= ee/uu) from tt- m, [GeV]
. . Low-mass
enriched CR (dominant) ro—— —
DY bg from line shape fit or JZB method Observed 860 163
Flavor-symmetric 722+27+29 155+13+10
Best fit: m,e,Glge =78.7+£1.4 GeV Drell-Yan 82426 25+1.0
J.-F. Schulte (Tue) Total estimated 730 + 40 158 + 16
... to be followed up at 13 TeV! T Observed—estimated | 13075 5%
SUS-14-014, JHEP  Significance 260 0.3¢
C. Sander SUSY Searches at CMS SUSY 2015 - Lake Tahoe 20
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Low MET signatures:

e Compressed spectra; RPV SUSY ...

X, (X7)

S G

« Hidden valley models (additional singlet/singlino field): signature depends strongly of
LSP/NLSP nature and mass difference: Am = mz — ms (here: 10 GeV)

e Selection: Jets (HT) + 1or 2 photons; sensitive variable: St = £t + Z pT

all objects

e Take Stshape in signal depleted CR (low Njet = 3, St > 1200 GeV) and normalise in St side
band: 1100 < 51 < 1200 GeV

19.7 b (8 TeV)

(8 TeV) 197'@8Tev) < F =
(/)] = - — — > CMS 'Q
; " - = - i -0 ~ =
T [ = CMS > 12F CMS 1 B ypool. PP AR A L 1y 2 1S c
= Simulation, > 2y 0] = , 1 = [ M. = 100 GeV, M, = 90 GeV c
10 1 3 —— 3 o = —4-Data, 25 jets 4 I - NLO + NLL exclusion -410%0
® F : S 10 — Expected background | = - — Obs. limit ' o
= . e , _ : 1000[- - Obs. limit £ 10, 1 E
e - ' ‘ - [ systematic uncertainty 1 " — Exp. limit 1 =
= - m . o gs@E 0 .. M, = 900. M , = 450 GeV L~ Exp. limit £ 10, o
0% . s B @ .. - 850 GeV ] 800 O
- -e—Z |eIS — -
e 3jets e T - : {1022
- .4 jets , 600 i o
- »-25jels 1 . 1
103 e T N i a
y_; F . 400
o F2—T . N L
8 1;‘:’ o mi ; .'"'"‘:-'--—‘: : - i ) 200 i
5] 1500 2000 2500 3000 1500 2000 2500 3000 200 400 600 800 100012001400
> S, (GeV) S; (GeV) M, (GeV)
C. Sander SUSY Searches at CMS SUSY 2015 - Lake Tahoe 23




Outline

e Introduction

T ]
.4
I

e Run | ~TeV
e Inclusive searches T
e Stealth SUSY
° NMZ
e 3rd generation searches
e Searches for EWK partners LPCC SUSY 6 WG
, . — 10T T =
e pMSSM reinterpretation = =510° 3
~ B . O
P E - s
e RPV searches 2N =10* =2
- - S
ZEN i B
e Runli P I0E Ji
=% - 1 &
\.Q/" B . o
« Commissioning at 13 TeV S 107 Jy 5
- : ,g
e Prospects for SUSY %10‘3; 1.2
@) - = 10 £
e Conclusions 2 104 Do e e
200 400 600 800 1000 1200 1400 1600
SUSY sparticle mass [GeV]
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSY CrossSections arXiv:1206.2892

C. Sander SUSY Searches at CMS SUSY 2015 - Lake Tahoe 24



®
w
=
Q.
0Q
(D
>
(D
=~
Q
=
o
>
wn
®

C. Sander

SUSY Searches at CMS

. - v ok 4

1 I 1

.
Z. 10

S
n

[a—
<o
w

| 1111‘111 || lllllll 1 llllllll

Ll 111111[
3
#events in 20 fb' 8TeV LHC data

Illlll
o

P BT B . Y. . N A
200 400 600 800 1000 1200 1400 1600

SUSY sparticle mass [GeV]

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

SUSY 2015 - Lake Tahoe

arXiv:1206.2892

25




Am = m(t) —m(X})

Am < m(W) m(W) < Am < m(t) Am > m(t)

r o \I_%/_H

% e 4-body 3-body 2-body
/g sm(t) < m(xq )

oz | violawsassumed . oy 5
< | spectrum :f.. t — bW*X] /'t — bWx 1 t — tXl
= :{:}:}:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:{: (off-shell W) (off-shell t) (on-shell £)

t

------------------------------
----------------------------

----------------------------

........................

X1 b
1SS parameter)

s (by loops) (has extra

------

0 m(W) m(t) m(t)[GeV]
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Hadronic Top-Squark Searches

T2tt

Targets stop decay into LSP or charginos; optimised object definitions \

P,

X1
e e/u/t (MVA isolation): high bg rejection (lepton veto), high signal
efficiency (events with non-prompt leptons not rejected) 7 T X
o Jets (“picky” jets): Input for had. top identification; similar to top :
tagging, but focus on high eff. in tt dominated sample \ T2bW uf_
Trigger: MET80DiJet50 "N, % g
Baseline selection: MET > 175 GeV; 1%t and 2"9 jet pr > 70 GeV and |n| < 7 S N "\ N
2.4; lepton veto; MET not aligned with three leading jets M;
Separate signal from bg with BDTs: 24 5 S e é:;;w gmcx}j‘m&)ary' e ‘8781:”
variables for T1tt; 14 for T2bW; training & >} e o Préliminary g %00 = Zazie |
with various signal models 2 250¢ | —memaiimend =
Estimation of SM bgs: Simulation ?Zz Eﬁz}m ; R i
corrected for various data-MC differences | -§ o+ i
(e.g. lepton efficiencies, jet energy Bl R NP P
corrections, jet energy resolution ...) 50 E § - ii
% 02040608 1 121416 1.8 2 = Ot oalql
SUS-13-023 min[AR(jets < top,)} Dran
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Hadronic Top-Squark Searches

" T2bW pp— (% T—=t+ io
- 5 400¢ 107 o
‘ Search region | LX | LM | MXHM | HXHM | VHM 2 - 5
' tt, W+jets, and single top yield || 6.41 +2.08 | 30.35 + 3.96 | 3.41 + 1.05 | 12.06 + 2.83 | 2.00 £ 0.78 g 350f E
Z+jets yield 1.88+0.93 [ 457167 | 1.66+0.72 | 1.77+£0.73 | 1.24 £ 0.54 € | o
ttZ yield 059030 | 246%=1.11 | 0.83+0.39 | 1.72£0.79 | 0.62 %+ 0.29 300 2
QCD multijet yield 0.71+0.35 | 0.36+0.19 | 0.10+0.12 | 0.01 £0.01 | 0.01 = 0.01 ; 8
Total background yield 96+23 | 37744 | 6.0+1.3 156+3.0 | 39+1.0 250
Data yield 12 a7 6 14 4 200: 11
T2tt
._ Search region LM [ MM | HM | VHM 150k o
tt, Wjets, and single top yield || 19.76 + 3.24 | 8.64 + 1.81 | 3.21 +1.02 | 1.00 £ 0.53 :
Z+jets yield 0.69+023 [230+090 [ 1.92+0.84 | 0.59 +0.28 100
ttZ yield 1.34 +0.49 | 2.66 +1.27 | 1.6240.75 | 0.99 + 0.52 s -
QCD multijet yield 0.91 +£0.58 | 0.17 £ 0.07 | 0.04 £ 0.02 | 0.01 £ 0.01
Total background yield 22.7+33 138+24 | 68+1.5 2608 ::
Data yield 16 18 7 2 300 400 500 600 700 800 900
28 W'+ 7.| ;
189" (8 TeV)
| ° 5 < 400¢ g 107 o
s § & | i 5
E E 59500 .  Expected, +1ap . Preliminary | | E
o o E a i
; 3 " ot - ¢
£ & . 11 3
250 o
\ 11 - : - 1
'-. 200 E
. | p !
v 410" 150 = 410"
H - k § 3
H - 100F- o -
ik | F
“ E o 102 50l & 10?
T
800
m:(GeV]
sus-13-023  No excess observed: very competitive limits in SMS interpretation
C. Sander SUSY Searches at CMS
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Targets compressed scenario: m; ~ m

>~<0

e Selection similar to mono-jet search and MET1> 200 GeV

e Atleastone u (pr>5GeV)

e Ct =min(£1, Hr — 100 GeV) > 200 GeV

 Single lepton: Reject events with e/7 and further u (pr > 20 GeV)
e Di-lepton: one more e/u (OS) with pr > 15 GeV

one b-tags(30<pr<60 GeV)
Cr > 300 GeV, g(u) = +e

pr (1%t jet)>325 GeV
no b-tags no b-tags
M:<60 60<M:< 88 M:>88 [GeV] pr (1t jet)>150 GeV < 40
\\ \\ \\ MET/Hr>2/3 & a00
N N N \/ .

Pt (1) SRSL1a SRSLIb  SRSLic  SRSL2 | pr(f) SRDL g
512 exp. 414163 297 +72 43+15 113129 515 exp. 21+06 300
GeV  obs. 42 17 3 16 GeV  obs. 2
12-20 exp. 442+68 251+62 31+12 85+24 | 1525 exp. 56+12 250
GeV  obs. 39 14 4 16 GeV  obs. 4

20-30 exp. 492+75 265+65 50+18 122+3.0 200
GeV  obs. 40 28 5 9 150

all  exp. 1345+198 813+191 123140 321+77| all exp. 7.7 +t14
obs. 121 59 12 41 obs. 6 100
50

~+ ~0
Further SMS interpretation for X1 » X2 production!

S;LJ55_1ZL_()21 ————————ee

19.7 tb7 (8 TeV)

pp =1L, T—bff% NLO+NLL exclusion

=Observed £ 10,

===Expected+ 10,

xponment

IIIIIIIIIIII'IIIIIII

l[lll

CMS Preliminary

el e b bbb

di-lepton

| L1

A. Agapitos (Tue) | 100750 500 250

500550 400
Mtop (GeV)

10°

10

95% CL upper limit on cross section [pb]
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Summary: Top-Squarks

So far, no excess observed for any search channel:

* Mass limits in SMS interpretation up to m; <760 GeV for mg < 100 GeV

 Mass limits depend slightly on branching ratios of Br(#; — t¥;) and
Br(t; — b¥i

J. Duarte (Mon)

A. Drager (Fri)

LSP mass [GeV]
g8 8

8

-t production, t—t i? /c ‘)‘(‘:

| AR REARRE RARRE RARRE RARRY
-CMS Preliminary Observed
\s=8TeV

'ICHEP 2014 Expected

L - SUS-13-011 1-lep (MVA) 19.5 "’

" SUS-14-011 O-lop + 1-lop + 2-lep (Razor) 19.3 b
- e SUS-14-011 O-lop (Razor) + 1-lep (MVA) 19.3 fo”
| = SUS-13-009 (monojet stop) 19.7 " (T ¢ %.)
| e SUS-13-015 (hadronic stop) 19.4 ™

| .
e

ok

100 200 300 400 S00 600 700

stop mass [GeV]

| Il

800

m.. [GeV]

300

CMS 19.3 1" (8 TeV)

pp =1t 95% CL NLO+NLL exclusion
==-100% T by, m-me =5 GeV
50% T— by, 50% T—
-y 7% — Observed
T==100% t— 1y, --- Expected

C. Sander
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Top-Squarks withZ / h

Kinematically challenging mass
configuration: my — mgo = my

e Low MET hard to distinguish from SM tt

e Possible handle by measurement of

total tf cross section CMS Vs=8TeV, [Zdt=19.51fb"
e.g. M. Czakon et al. (2014), PRL S L B L B BN B
. . N ® 5001 — Observed UL, m.-m , =175 GeV, {, >},
e ...orconsider production of t>: O, | - Expected UL: . .
~ . = : _— - 1,2)= % :
Decay to t;viahorZ S A Wo)=100% Gl
400; = Bl - 112)=50% L~ ’
Various SR with 1, 2 (SS or OS), or 3 | e Bt — 1,2)=0% .
leptons and different Np-tags i Q' |
L
Weaker limits than for large mass gap 300 NS .
scenarios; and t required not to be too I |
heavy : oo :
\
200 . _ i
1 I T T I SR SR SR SR N N | ri
200 300 400 500 600
sus-13-024,pLs. My [GeV]
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e Introduction

e Runl

e Inclusive searches

Stealth SUSY

3rd generation searches

Searches for EWK partners “
LPCC SUSY 6 WG

e pMSSM reinterpretation

e RPV searches

e Runli

e Commissioning at 13 TeV

e Prospects for SUSY

e Conclusions
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SUSY sparticle mass [GeV]
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Outline

e Introduction

e Runl

e Inclusive searc
e Stealth SUSY
e 3rd generatio
e Searches for E

. pMSSM re|nt e ‘".:'..\.::'f;l: i S |

=)

e RPV searches

[
=3

#events in 20 fb! 8TeV LHC data

e Runli

1 l!llll 1 1lllllll 1 llllllll | lllllll[ 1 llllllll
[a—
<U

e Commissioning a ev
a 107
e Prospects for SUSY Z 103
. :" L
e Conclusions =P TR, V.. W
200 400 600 800 1000 1200 1400 1600

SUSY sparticle mass [GeV]

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections arXiv:1206.2892
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idi XO7 X

~Y

-

2 leptons
« Possibly 1 OSOF or
OSSF pair

N\

POSSI
POSSI
POSSI

(if one lepton is lost)

D
D

D

3 leptons

y 1 OSSF pair
y my~M; :
y SS lepton pair :

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0"

/Up to 4 leptons
« Up to 2 OSSF pairs

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
*

Also: 21 + 2 jets

P
Xi ..

N
“*—C}E

C. Sander

SUSY Searches at CMS

SUSY 2015 - Lake Tahoe



Multi-Lepton Interpretation

95% CL upper limit on cross section (fb)

CMS __ \s=8TeV __ L=1951" ~10° =
> 500~ pp N i 70 ' 95% CL CLs NLO Exclusions = — - =3
8 . e — Observed 31&SS +10,,,,, | 1 p ~0 ¢
= - X, ™V, === Expected 3/@8S 15, .| = g P2 X2 ..& ... /
3= 400 70 — e, i, 7T === Observed 3/ only 1 o ° 14 ~ i?
e - e T == Observed SS only 1 _| 102 8
[ Br@,—=11)=1 ... R s 1 3 2 i - XY SUS-14-002, PRD
300 N R~ o P1 R O <
[ - 1 1
L x - 0.05 - | g l) H
. ]| A E -7
200 (— m - 510 = o g
N 1 A () v - -
N E---.. 1 7 a2 >~<:|: ):ZO X P X2 . & _—
. = = : C R - - - - | .
100 1~ ey e s 11 o bl
\ h= 1 R J/ Py P X1
st P TP TR B L -i 8 H O°95 Xi
?OO 200 300 400 500 600 700
7=0.05m.. +0.95m.0 m.=m.o [GeV] Wt
‘ ‘ L m>~<O — m>~<O > My
— ,IC}M‘?’,].}§?,8T‘?\{,T,|??j?'§f,b,,, e 10° = 2 1
> 500 pp-% 7 95% CL CLs NLO Exclusions — 3 = ~
5 [ e 2 == Observed 3/8SS +1o,,,,, | 2 c |,/ CMS _ L=195fb" |s=8TeV
s - X, WV, === Expected 3I8SS 16, renil L=, ¥ O 5 = g o T ] 5
gx" 400 - 7(0 - Ze, fil, Tt === Observed 3/ only 1 S 8 . O 140~ pp —>522’i1 95% CL CLs NLO Exclusions —=
B 2 ’ ’ ] n (D B —_— ]
i 0 == Observed SS only 1 102 @ - F 0 —— Observed =10y, 1 -
[ Brif,—»11)=1 ... A S 3 { 3 2 gx 120~ %, = 0%, =2 Z Expectedz1o -
300+ . - 3] - W === R exp. ] \
- ' - 5 100 %7k % - 10
N i = § §
200 -+ 510 = 80~ =
N 1 3 @ 0.05 n PN 1
\ -1 Q. J J L - Q - - N~ -
P ) = g A2 A 4 60 — =
100 H& \ o - o ~0 - £ \ 1 1
1“ :i 1 °\° Xl 40_— ";"Il.--.~... |‘ =i
' 1 - wn : 7 ..Q ‘\ :
Q0 200 300 400 500 600 700 ” 201 . \ = 410
m_.=m.o [GeV] 7 . \ apf =
m- = 0.95m~v + 0.05m~0 x x 0 1 1 | P T N YR TN T N VO TN T A O T S |
y X, X, 1" 150 200 250 300 350 400
m_.=m_o [GeV]
SUS-13-006, EJPC X %
C. Sander SUSY Searches at CMS SUSY 2015 - Lake Tahoe 35



hh [ Zh [ ZZ
)

;7/ e

Predicted in many SUSY scenarios:

h in decay of ¥~ {°

Many possible signatures, depending on BRto Zor h

bb+X
[1+X
>3/

yy+X (small sensitivity)

bbbb (sensitivity only for large BR X° — hG)

So far, weak limits on higgsino mass for large BR

SUS-14-002, PRD

° — hG

—-h+0)

Br(’
=
<D

0

1

o
a

=
)

(=]

CMS L=1951%"

150

200

CMS L=195 fb

250 300 350

's=8TeV

400 450

Most sensitive analysis

500

Higgsino mass m _ (GeV)

r
s=8TeV

—
=

' IIII I ''''

lllllllllll'

Intgmngmt; masiccv

AL A A

Comblined excluslon reglons,

all analyses
w— Observed
555 Expected 110,

2 Coxp.

AL l A

glllllllllllllllllllg

350 450
Higgsino mass m , (GeV)

.

500

- - ]
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EWKinos and Sleptons: Summary |

SMS interpretations have to be 7(2")2: oroduction

taken With some care: %‘ 900_! LI I L L
. : ©, [ CMS Preliminary " X % HLWL)
e If not specified otherwise, 2 8001 o 8 TeV y 720D A
assuming BR of 100% E .0 ICHEP 2014 — %% (W) 3
Z - i: % (T, BFOT)=1) 4
—> optimistic limits 600F- — SUS.13.006 1951 %o (LBFIT=05)
~0 _ 70 20 po0 - SUS-14-002 19.5 fb ok (e BTED=N
.8 Xo = 4£Xx1 V5. Xao = hx1 500 - P, =
- & o .
s AP -
400 — ' ‘0‘46‘{‘6\ ]
e Challenging compressed. 300/ -
spectra; for some scenarios - .
sensitivity from heavy stable 200F E
charged particle searches 100 -
M. Kazana (Fri) ? """" W A e ey

00 200 300 400 500 600 700 800

neutralino mass = chargino mass [GeV]

- - ________________________________________________________________________ _________________________________ ]}
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VBF + Leptons

Vector Boson Fusion: Small cross section but additional bg
suppression power from two forward jets

Aiming for compressed SUSY spectra; requiring low 3%, 34,

thresholds on leptons 41%,
ThTh

up / e / Uthad / ThadThad (LS and OS)

ThTe W=
. : , - " b
Trigger: Lepton triggers (IsoMu24 or DiTau35) >~ \ !
. 23%, thtll (I ‘\k k S
VBF selection www-cdf.fnal.gov 5.102 T T T T
e Two jets (pr>30/50 GeV with n112<0; large rapidity gap |n-nz|>4.2and g [ s=8TeV _zzi_”:‘i’:‘f .
invariant mass m;>250 GeV) ok

Central selection 10
e MET>75 GeV (>30 GeV for ThadThad); U-p1>30 GeV or Thag-p1>45 GeV :

e Veto b-jets (pr>20 GeV)

Background estimation: N5F.... = Ny - SFGETa.., - ever

e From bg-dominated CR (central selection) and applying “VBF- i | N

efficiency” from other bg CR (e.g. incl. b-jet or I*[) . Dutta et al, arXiv:1210.0946, PRD
107500 120 140 160 180 200 220
SUS-14-005 M(Z,) = M(%,) [GeV]

- - ____________________________________________________________________ ______________________________ ]}
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o 1 of CMS Preliminary 19.7 b (8 TeV)
VBF + Lept
eptons £l
%103 |
Process WEEjj e Wrjj | prT T T I @ 102
DY + jets < 0.01 0:!:},'7 0.5+0.2 < 0.01 10
Wtjets | 01+£82x107% | 0+3° | 93+23 0.5+0.1 T
\AY 21+03 1.9:t§:§ 1.1£02 [ 01+65x%x102 - FE e
t 31£0.1 35405 | 6.7£28 |0.1+1.2x1072 102
Single top - - - < 0.1 5
QCD - - - 76+09 10777500 1000 1500 2000 2500
Higgs - = - < 0.01 § 2:"; :
Total 54+03 5.4j:3:3 176 +3.8 84+09 2 W//// W
Observed 4 5 14 9 §°-g . . . ////
500 1000 1500 2000 __ 2500
m(Jj) [GeV]
CMS Preliminary 19.7 fb" (8 TeV) >~<:|: 520 C reliminary 19.7 fb' (8 TeV)
3 II]lllll[lllllllllll]']l"'[llll[ll 1 ! 2 E l'l"'ll"_;"l_"‘]"a""llllllllll
£, [ %4otw. %ty m.-m=5GeV . q [ LoV LoTE mo=gmetom,
’ | L qLuT, _
© 10’5— TW, T F m>~<:|: >~<o — 5 Ge\/ _-¥_— © 10’5 —oa.:::Th :
: -Emdnhn*-ntnﬁo&v E 1 2 5 -Emochdthl\-q-w&v
— . . Expoctods I m, = 0 GoV : : — . - Expoctedt la m = 0 GeV
1R — dop—T@ (LO) T = - n ~ 1 — @@ 1O -
s M-~+ ~o —5m>~<o — 50 GeV T | Me+ <o + m>”<0 3
1 Al 7 ¥ X1 X 1 -
1 ) !
E 10 E
| m>~<o — O GeV TR i J ]
3 I— E VERVE 1 -
SRINEENIRNENI NN NI ENE R RN AR AN ~0 :lllllllllllllllllllllllllllllllllll:
100150200250300350&00 Xl 100 150 200 250 300 350 400
mizzngl ev] miisz;[GeV]
SUS-14-005 One of first SUSY searches with VBF signature
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. : o  GMSPreliminary I

Trigger: MET65+VBFDiJet35 8 120, —¢— oma k

. . . o S i B Z(ovv)+jets 1

Selection: Two jets (pr>50 GeV with m12<0; large rapidity N 100} W Wi 1v)ejets ]
2]

. . = - I others ]
gap |n1-n2 )7 L% 80: ............ pp—»ﬁS],,m.:SOOGeV.m_,=2956er
MET>250 GeV; veto further jets (pr>30 GeV) sol- 9 > 1l A = 600 GeV, m = 100GeV ]
Dominant bgs: (Z — vv) + jets & (W™ — [Fv) + jets
estimated from data
Interpretation in models with DM production via contact
interaction and bbx9%Y production with m; — mgyo =5 GeV &

8
q q a Z 44
CMS Preliminary 18.5 fb! (8 TeV)g 0500"1000"1200" 74001600 7800°2000 22‘<r)n(: ﬁi}g\'}]
z =) s | ] Obn'rvod“%CL '
- p 10 G 4 = 10 expected 95% CL
b Sz 2o0expected 95% CL
~ o(®b ) (NLO), Am = my - m_. = § GoV
bl o B My meeeees ol ) (LO), A = 600 GeV
Z
] J 100 200 300 400 500 M [GeV]
SUS-14-019
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@M pMSSM “Likelihood”

x10 pMSSM, CMS preliminary

19 free pa rFa mEterS: o M1, MZ; and M3 :B‘ = pren :fs(ﬂ) prior from non-DCS data
e tan ,8 M an d ma 'a _ p(mD::) HT + MHT, 7 TeV, 4.98 m_:
' . - N p(ﬂlDR ) HT + MHT, 8 TeV, 195 1
e 10 sfermion mass parameters QO o8 p(PID™%) HT + MHT, 7 and 8 TeV
---u=0.5 - u=1.0 wn=1.5
e At Ap, and A; -: |
= o6
Constraints: e NoRPV 'S
e No new sources of CP violation g 0al
e Mass degeneracy of 1t and 2"9 gen. o
e No FCNC 2
0.2
({1 2 M
pMSSM captures “most” of phenomenological features of
RPC MSSM with neutralino LSP % 20 1000 1500 2000 5500 3000
Challenge: Scan 19 dimensional parameter space gluino mass [GeV]

Likelihood, that observed data originates from model 6 for given p>M + Ap>M in each search
bin: Nbins
L(datald) = | | / p(di|si(8) + b)) p(bi|b?M, Ab?M) db;
=1

Posterior probability: £(0|data) o< £(data|f) - p(0)
As expected: Probability density of mass of coloured particles shifted to larger masses
But: few light mass models remain (e.g. compressed SUSY) SUS-13-020
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PRV violating terms not forbidden: Wkpy =

LSP not stable (no DMW)

R-Parity Violation

1 1
2)‘U/<L iL; Ek + )‘UkL QJD/( + = 5

C. West (Fri)

Uk U/ DJD/(

Other attractive features of SUSY remain (e.g. solution to hierarchy problem, gauge

unification ...)

Search for light top-Squarks in final states with low MET
b

7

W

N Vp
B _”_-()\122
X1 \ e

b b
W t W
Vr . b
7 - I /
o= A ‘R oo ——'<)\233

L

T

cMS \s=8TeV, [Ldt=1951b" cMS \s=8TeV, [Ldt =195 b
S\ T I T T T T I T T T T l T T T T I T T T T l T 1 T T I T T T s\ T I T T T I T T T T I T I T T T
) RPV L © Stop RPV 1,,,
O 1200 Stop observe1d2%5 % CLs Limits - g 12001~ observed 95% CLs Limits
5 - B Theory uncertainty (NLO+NLL) 5 - :I:s:get;ngser}agg (L’\.‘;gs NLL)
1R I eeemes — 1R _ s | / "Emeees —
g 1000 - oxpeced o3 Cls i 271000 PSR CLe e
800 — 800\~ e
600 - 600~ .
400~ N 4001 -
2001 — 2001~ -
T I 1 L 1 1 I L 1 1 1 I 1 1 1 1 l 1 1 1 1 I L 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1
700 800 900 1000 1100 1200 700 800 900 1000 1100 1200
m- (GeV) m;, (GeV)
SUS-13-003, PRL
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e Runli

e Commissioning at 13 TeV

e Prospects for SUSY

- - ________________________________________________________________________ _________________________________ ]}
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Goal: Validate performance of key observables with first data at 13 TeV (42 pb™)

. . . CMS protminary 42pb’ (13Tev) CMS Primiary 42pb’” (13TeV)
. Trlgger emCIEHCIeS N ' L Denom HT475 noloptons ‘: :,: Denom (3927”51924 22) n24 Hr>600
12~ ~ Plateau efficiency = (99.3 +0.6)% ] _ 1.2 Plateau efficiency = (660153)« —200
N 98% of plateau at 963 GeV _1500 § r 98% of plateau at 237 GeV
e 1_ 209081 . 1;_ —— . N
g MMM 5 &
= 0.8 1 9 Jos- ] O
- F 1300 & o F ‘ &
2 0.6 78 Tosk 100 2
2 F 1 & = * ] §
S 04l 2003 2 o4 1 W
§ ] € >0
0.2f- 1100 @02~ :
800 1000 1200 1400 1600 200 300 400 500
Offline H, [GeV] Offline HT™* [GeV]
. 42 pb (13 TeV) 42 pb' (13 TeV)
A B T T T T T T T T T Ty T T
e Bg enricher control samples 3 e I
2 e & (77 mmwci :
example: Jets + MHT 10 I M W fts h -
.g -MC'smglel - MC: single t
Njets > 3 o 10E
@ 10
Hr > 500 GeV
MHT > 200 GeV 1 1
_ &)
Nlepton =1 = 15F S 15
g 10¢ = 10
(used for “lost leptons”) & 05} S o5
Q 20 S

(=]
N
w
.
42
<
~

SUSY DPS
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Commissioning @ 13 TeV @

CMS Prebminary 42 pb' (13 TeV)

. . CMS Pnhmmary
Lepton isolation § Electron charge - 10C
of third lepton in mis-identification S
I*'l control sample g“’:
E10?
10
; 1
g 1
1 1
B o 107
: 70 80 90 100 110 120 130 140
Th d Lept Isolatlon .
CMS Proliminary L= 42pb (13Tev) rateptn y  (CMSPreliminayy _42pb7(13TeV) HEORCHON hasS [GeY]
> [eData " ‘gacp o ZJ0 S B I I | 4o
& 30'——D§ 2e :?ue leptons mtv - w i o |
3 th 1true | plon HlOther i U S S AR S B
§ N - 8 P i o_gh :;‘:."*" .i.‘ : T = =
— L N b :
o 20 E T .
- B 06:+_- i - .
10f . -~} eticiencyindata -
- 1 Jet mass of 474N S S S S I S - ) . .
: : ) - | emcencymuc | Photon identification
- = AR=1.2 fat jets: 02| officiency from
o . X ._1 P (R S— R R SR , — I
= Study tails from | [oopener y
s . - 1 Tag & Probe
- [y TOSEUERINNILS AV IS § 600|SR 940 60 80 100120 140 160 180 200
M, [GeV] robe E; (GeV) SUSY DPS

C. Sander SUSY Searches at CMS SUSY 2015 - Lake Tahoe 46



Prospects for Run 2

Increase of Vs from 7/8 to 13/14 TeV
— Large boost of sensitivity to heavy new particles

Similar sensitivity on gluino mass expected after first
~ fb-'l

luminosity ratio

Similar sensitivity on light neutralinos/charginos/
stops after first ~5-10 fb"'

Challenge: Large pile-up <PU> ~25 ... 50 (2015-17 and
2019-21)

WJS2012

100 ———— e —

[ ratios of LHC parton luminosities:
[ 8TelV/7TeVand 14 TeV/7 TeV

[ ——99
- ----ZIqq
- . ——- qg .

T

CMS Preliminary

s B0 ———T—"T 1 ]
: .. : @ - F -0 -
Example: single lepton + multi-jet search for gluino-  S1eo |- PP~ 811, <
. . E%i400 - Based on SUS-13-007 E
mediated tOp'Sq uark prOd uction - Estimated 5¢ discovery reach :
120 —sgTev,20m" T e E
1000 |~ === 14 TeV, 300 fb' e E
800 |- =
600 |- —
400 |- -
200 —
f_ 0 - — 1 P IS S NI S S NN S R S S .

Snowmass report, arXiv:1307.7135 G0 PR T e e 1310; [Ge%/(ioo
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Conclusions

e Search for physics beyond the Standard Model, i. e. SUSY, is one of the main motivations
for the LHC experiments

e CMS covers a large variety of possible final states, closing in on challenging scenarios such
as compressed SUSY

e So far, no “significant” deviation from SM observed — stringent limits on many SUSY
scenarios (in particular natural SUSY is under pressure)

o Afirstlook at 13 TeV data shows promising performance — very interesting results
expected for Run 2

e For MANY more results, see the public result pages:
http://cms-results.web.cern.ch/cms-results/public-results/publications/

- - ________________________________________________________________________ _________________________________ ]}
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SUSY Production Cross Sections

LPCC SUSY o WG
_EIO' "l"'l"'I"'l"'l"'—glos:g
~ ~ - @)
> F E i
p 107 1 5
o F 31075
o, o =
B 102L 1 S
3 FE EL
‘Z] 35 viivi 1 5
< 107 & XX O
5 - E 10 £
210.4_.1...1...1...|.....1.. q
200 400 600 800 1000 1200 1400 1600
SUSY sparticle mass [GeV

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections arXiv:1206.2892
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Natural Supersymmetry

d1n m>
M2 (m? +34) — (m? +%,)tan? 8 , Alaj] = £, A = maxAlaj]
- = - QB—ul —m dln a;
an For each fundamental parameter
Tree level: light higgsinos a; (be aware of correlations)

e Forlargetanp — Mz = —2(mj, + |ul?) +---
e |u| <200GeV for A<10
— Light higgsinos

A Nawuralness

N. Craigh, arXiv:1309.0528

7V

1-loop: light top-squarks and winos + A n
e Stop masses below ~400 GeV

e Wino masses below ~1TeV

2-loop: light gluinos -+

e Related to naturalness of other scalars

, , SUSY mass scale motivated by
o Stop mass get correction from gluino

< t EW naturalness
— My S 2my ; :
: @ ' BUT: the “allowed” level of fine-
tuning is a matter of taste

g
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Inclusive Searches ...

o Multi-jets + MHT Hr =Y |pr]

SUS-13-012, JHEP
T = |— Z PT
E2nd E2nd

1st »2nd
\/QPTS p7 (1 — cos ¢12)
SUS-12-028, EJPC

e “The razor”:

Mr = \/(!5q1! +1Pqg2|)® = (Pz,q1 + Pz,q2)?

M$ — \/% (ET(Pﬁl-l ) — ET(D qQZ)) ) Mr

/

SUS-13-004, PRD

e Same sign leptons

SUS-13-013, JHEP
... a lot of complementary approaches
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If LSP is gravitino, NLSP is neutralino (or chargino)
General Gauge Mediation:
e “bino-like”: XX = v+ G

e “wino-like”: 2 = Z°4+ G or X5 - W+ G

Z+G

0200

1000

400 600 800
j 2 mp
7 L Neutral Wino Decays
\l 10 ————
0.8f_____\Cos'ow
\-Il) m' 06
| @ 0.4]
J G T
0.2} Silljfllz
a.0l Rudermann & Shih (2011)
0 200 400 600 800 1000
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Same Sign Leptons

Very clear and generic SUSY signature

Small SM backgrounds

e Rare processes (tt+ V, VV)

e Non-prompt leptons (“fakes”)

e Charge mis-identification

CMS

\s=8TeV,L =195 fb™!

Illl

Events / 25 GeV
X
| I |

IIIII

| ! |
Low-pT leptons
¢ Data
|| Rare SM processes
B Charge misID

B Non-prompt e/u

i

=N
L)
-
2
o
o
x
(o}
c
-
O
)
=3
2
=
<
lllllllllllllllllllll

non-prompt
%
C

% 150 200 250 @
ET™ (GeV)
SUS-13-013, JHEP 7%
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Low MET signatures:

qrL X5 () S G

e Compressed spectra; RPV SUSY ...

» Hidden valley models (additional singlet/singlino
field): signature depends strongly of LSP/NLSP
nature and mass difference: Am = mz — ms

1500 2000 2500 3000
S; (GeV)

500 2000 2500 3000
S. (GeV)

Senciti able: S+ — Fr o+ Photon + jets + MET:
* Sensitive variable: St=fr+ >  pr
8 TeV) all objects Selection Njets YT PT 72 PT Hr
e 19.7 ib! (8 TeV)
2 *_,_ Selection A CMS 2 [P  SelectionB CMS: A (G:;/ ) (Gi\é) (G;\é) 5
= Simulation, 2 2y >3 5 R — Data, 1y et > >2: >
g0 == ERLS = B >2 <75 —  >800
= - s s 3
o ' o . .
< ol ‘ 1 <ok I ) Take St shape in signal depleted
: :gigzz — 3 - :gigg | CR (lOW Njet = 3, St>1200 GEV) and
- 4jets 1 [ 4jets ® g I : S d b d
- -25jels 1 103 = 25]ets : normalise 1IN >t side banda:
m10'3:71“.1‘“1...1“.1“‘1“.1.“1“A1.“1“T: w w 'I'IOO < ST < 1200 Gev
B e s e e R | e
8 8
z z

SUS-14-009, PLB
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Stealth SUSY - Results

Vi P 19.7 fb™ (8 TeV " 19.7 b (8 TeV)
> 12 cMs | £ FCMS Obuges
q S,” (09, QIE s 5300 Gev S
-’ - —4-Data, 25 jets : T C3) Singlet+
...... . ey © 10 —— Expected background ] 10° 5:««* .
aL ?1) (flt ) § (:‘ -~ -Systematic uncertainty ] S; > 700 GEV «we. My =500 GeV '
— . . .“E’ (<] — Ma=900.M1,=4SOGeV - _
Similar analysis for final states with s B @ -
w

leptons:

Definition of various SR and CR:

Sample Leptons  Niets  Npjets

Search e*, ut >4 0 T

Top shape e*, ¥ =2 =2 1500 2000 2500 3000 2345627 2345627 2345627

Top normalization e*, u¥ <4 0 S; (GeV) Ny

Drell-Yan yi, }II >2 0 _ 19717 @ Tev) 19.7 b (8 TeV)

Non-Prompt er, u >2 0 Emoo_ :?pM—?qq SRR % ) 104~ CMS gp - qu 4
= 120U M = 100 GeV. M, = 90 GeV e © _ qL—>qx, -

Interpretation in SMS with Am =10 | iy 310°S 7o W §

GeV and ms =100 GeV 1000 T ot O 1 E 10° ol

- Exp. limit £ 10,, | - miio
Large mass difference of squark and 500 1oi\g 1 O 1 O
NLSP — boosted topologies and less 600 & 10°F §:0,d37%

isolated photons E M =12,
i,

ll[ll'['!ll‘ll‘[l

Exclude squark masses up to ~1050 10;_ M =100 GeV, M_ = 90 GeV

GeV (ys) and ~550 GeV (leptons 0 ST T
(¥s) (lep ) 200 400 600 800 100012001400 300 400 500 600 700M??& e\?oo
SUS-14-009, PLB M, (GeV) . (GeV)

m
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Require on fully reconstructed

S 1000p—
hadronic top quark (3jets_within 8 i,
cone with AR<1.5) — M2 T

From remaining jets (including 1
b-tag and up to 2 additional jets)
form further top candidate (with

L

19.4 b (8 TeV)
x10°

++. '€MS Simulation §

a.u

Hadronic Top-Squark Searches

19.4 b (8 TeV)
-3
ST ) ) [ — x107
> [ ..'-e'ogMS Simylation =
O] _';‘q_."", S X L T ) @
5 00007 anrp i 415
S [ -

, Rsys % 500 400 600 800 1000° %500 400 600 800 1000°°
loser requwements) — M+ M [GeV] M [GeV]
° ° ° ° ° -1
Discriminating variables: R — AL AL
© + CMS —— Data ]
O 120 S vy eatX
° MTZ 8 Bz e :
Pt # —— T 17 (500, 100)
o E T *qc-; a0l wessee T 13 (650, 50)
3 jet R 2 | :
o 05 * MT Je _|_ M—l—sys - 601~ -
. s ijets 40
Search regions >0 1 5 N
Multijet t-tagged search SM Pred. Obs. | SM Pred. Obs.
piss € (200, 350] GeV 148f§3 141 81fi§ 68
P > 350 GeV 334170 30 | 86735 15
SUS-14-001, submitted to JHEP
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Hadronic Top-Squark Searches

Background prediction: Results:

Background source  Npjs 200 < pT* < 350GeV  pT™* > 350 GeV Search regions Nb jets

T — hadrons =1 622+56+56 123+1.7+£26 | 20 l 1 | 2

Lost lepton =1 48 + 6711 7.0+24132 h:’fgeé '['585‘8;5‘(’, ]Sg;h 511“4;”33 ?:;- Shglljggd 06';5-

= F b — q+5.1 +3.8 T ’ ~24

Multllets =1 17+3+24 20+114+27 Di]et b-tagged search SM Pred. Obs. SM Pl’Ed Obs.
Rare processes =1 1.9+ 09 0.8+0.4 Mcr < 250GeV 1540+£100 1560 | 93+10 101
Tkl = 485 B4 Moy € (350,430] Gev W0 w01 | 65017 8

3 11 5 . , +10 cT € (‘ ’ ] + 541,

T — hadrons >2 415443453 434+ 14709 Mcr > 450 GeV 16.0+4.1 23 1.04+0.9 1
Lost lepton >2 32,6 4+ 51185 1.2+08+05 ISR 35641 359 | 26041 28
Z(vv) +jets >2 4.6 +0.673% 1.8+04710 Monojet search SMPred.  Obs.

Multijets >2 <05 <05 Py > 250GV 3590041500 36600

Rare processes >2 1.9+09 1.2+0.6 pT > 300GeV 1740049800 17600

T Y: P > 350 GeV 8060440 8120
Total 22 81712 86224 Pl > 400GeV 39104250 3900
Pl > 450 GeV 2100+£160 1900 W= qq
1 19.4f07 (8 TeV) 16 19.417@TeV) Pl > 500GeV 1100£110 1000
L ) Y— . 1
| CMS Slmulatlon — : CMS Slmulatlon __ Py > 550 GeV 56371 565

3
£
&

0

o 05 1 15 . 15
arctan(m_/m,,) arctan(m_/m,,)

SUS-14-001, submitted to JHEP
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Compressed scenarios: my ~ m
— Decay products (c-jets) very soft

Use mono-jet signature (as for DM searches)

Dominant backgrounds:

MET > 120 GeV
Leading jet pr > 110 GeV
& |nl<2.4

Niet (pr > 60 GeV) < 2
Reject events with e/u/t

e (Z — vv)+ jets
o (W* = 1) +jets

1 200

| | N\
estimated from 1and 2 o 100 |

= [ ] i :
lepton control sample gi= Seeeeseeteereeitueitinne, 4y ) R
5 - I\ ]
o S50 600 700 %Ssu%e\}f;m foo 200 300 4D 500 600 700
SUS-14-001, submitted to JHEP P m: [GeV]
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, 19.7 b (8 TeV) 500 19.4-19.7 1o (8 TeV)
10 [T T | DAL LI BRELEL N B B e
% CMS ® Data E % CMS
o 106 B Z-vy o Combined multijet t-tagged B(f =0\ _ 100%¢
W st & dijet b-tagged searches (t=1%) o
AN I 500 : ' . 0
- = Monojet search Bt — ¢ %) = 100%
@2 ?(E)xbs"”::f ]' O NLO-NLL exclusion
o 4002200 10w
> ,€~ '/‘Gf ."// —
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14
-0 €
p2 Xz EOTEL ARRAL / »
l T Xi
1 i sl .f\e

¢
v
. ST »
)Zi v T Xa
T PP ¢!
X 0\'\€
v
¢

~a | \o
1
0
1

>

Direct slepton
production

-

e.g.in GMSB

ZZ enriched models,
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~0 ~+, {Zf/ . ‘:)Z’(f
X ’ X . X )1(2) ----- X? \2 X - A
Direct decay o o
~0 ~- P1 ili —---- X1 >Z1 --=-- G
Am(X", X7) > mzw / " Y \/J BN y
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Multi-Lepton Searches

If coloured sparticles very heavy: possible dominant

direct chargino/neutralino/slepton production | (Z,/
x ig ~<\[ k {3 _____ 0
D1

Leptonic decay modes provide clean signature:

e Many leptons (up to 4) + MET / x‘\\ / x"\\;\\ %

e Possibly taus

e Possibly SS or OSSF lepton pairs with m;=m;

e Low jet activity
e |n case of WZ+ MET final state:

Mr = 2670k (1 — cos Ag(1, £1)) 150]
is discriminating (typically Mt < My for bg)

M [GeV]

100f

e Moderate MET cut, e.g. >50 GeV (suppresses Z + :
jet events) 50¢

e my >12 GeV (suppresses low mass resonances)

SUS-13-006, EJPC
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Multi-Lepton Interpretation

10°

10°

| [ | lllllll
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SUS-13-006, EJPC
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h(— bb)W (— ev/uv)

N WO W WL e
ol MM e

we  h(= yy)W(— ev/uv)
h(—= y)W(— qd’)

h(— bb)h(— bb)

O & &
h(— ~v)h(— bb)
1 e s T G
\ B R h(— yy)h(— ZZ/WW /T7)
h
h
. =) Z(= ee/up/TT)
Y SO

= )Z(= q9)
X1 -..,L::\-- G h(_> bE)Z(_> ee/lulu)

SUS-14-002, PRD
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VBF SUSY

=' El[lll]][[‘]]]]I][]]lll[ll[llllls =' Elllllllllllllllllll llllllllllllllllllllllllIIIIIE
: - ~t ot e . s - ol ot o .
© LYY - © F CLLEY ¥ A) -
1= —pp—>V+jets — 1 —pp—oV+jets —

: —PPOVVI] il —PPoVVi
107 —= 107 =
10.25_ = 10'2'5_ =
10'35— 10’35:
10 dea il v bbb ity 107 Luik i
0 00 2000 2500 3000 0 50 100 150 200 250 300 350 400 450 500
MG, , j,) [GeV] Leading Jet p_[GeV]

FIG 3 M;, ;, distribution normalized to arbitrary units for FIG. 4: pr dlstnbutlon of the leading jet normalized to ar-
XiX; pair production by VBF processes, V+jets background, bitrary units for Xi X pair production by VBF processes,

and VV background produced by VBF processes. V+jets background, and V'V background produced by VBF
processes.
Dutta et al., arXiv:1210.0946, PRD
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VBF SUSY: More Results

10° 197 fb!
g " e % % 10°F >
O 10°| mm—rr S O 10° 3
3 B oo 3 =4 o
N 10*) I ovie P Ovposio chuew Py & qo¢f TN ovems T, (Oppasite charge) Py
2 | Wi > -  Weps ~
G 10°) m— 2 Eiof e £
w 103 -t:-ql._-mow.'\.nuow.l::-oom 3 I.% 102 - ..':-q‘:.zmav.n\.-mav.m’,.o 3
1

10° 2 10°

S 10° O 10°

8 10¢} m orie § 10¢

210°} e i 2 40°
— ]

w 102 -’:-‘:-mow,-\.maw.-':.om w 102

AL v//,/: oLy ;// / ‘ %
1000 1500 mm !Gozvﬂl»

SUS-14-005
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RPV Stop

SR NL Nt 0 < St < 300 300 < St < 600 600 < St < 1000 1000 < St < 1500 St > 1500
obs exp obs exp obs exp obs exp obs exp

SR1 3 0 116 123 £ 50 130 127 £+ 54 13 189 £ 6.7 1 1.43 £ 0.51 0 0.208 = 0.096

SR2 3 >1 710 698 + 287 746 837 4+ 423 83 97 + 48 3 6.9 + 39 0 0.73 + 049

SR3 4 0 0 0.186 + 0.074 1 043 +0.22 0 0.19 +0.12 0 0.037 = 0.039 0 0.000 = 0.03

SR4 4 >1 1 0.89 + 042 0 1.31 £ 0.48 0 0.39 +0.19 0 0.019 + 0.026 0 0.000 + 0.03

SR5 3 0 - - - - 152 161 =51 15 210+ 86 10 345+ 1.77

SRé6 3 1 —_ —_ — — 193 150 4+ 37 14 128 £ 35 0 2.04 +0.79

SR7 4 0 - - e - 5 82+26 2 0.93 +0.36 0 0.18 + 0.08

SRS 4 1 - - - - 2 32+09 0 0.28 +0.13 0 0.08 + 0.05

cMs fs=8TeV, [Ldt =195 fb"

g st Search Region: SR1
a1 A —4— Observed

5] Bkg Uncertainties
[ Misid. leptons

10
1%
Label Kinematic region Decay mode 107 .
| | re 0-300 300-600 600-1000  1000-1500 >1500
A My < Mg, < 21y, Mo R t1 — _tvbb B S, (GeV)
B 2my < my, < Mo t; — tutb or tvbb
| | | , T b0 or b0
C Myo < My < My + Mo ty - fvbX3 (ir J{)b?(l
D mws +mge <my <my+ Mg ty - bWﬂ))(1
E My + Mgo < My, t1 — tx3
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Simplified Models

Full models (e.g. CMSSM) Simplified Model Searches (SMS)
e Good: realistic signatures e Good: as model independent as
e Caveat: fixed mass relation possible
mg : my, > mg~0:2:1 e Caveat: overly optimistic (assuming
e Caveat: hard to apply results on general models exclusive BRs); careful interpretation
200 is needed!
o
=
ég boor n —— ;z Example SMS with two free para meters:
00| =R m@), m(RY) dr

400 |- H?

H* . —
300 |-
A AN
o g Bt BR ~100%
IR —==o. 47 %us g
100 |- h° ) -Jl“??l) Q:_L; x

0

example CMSSM model, visualized by slhaplot
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Selection of pMSSM Models

Use Monte Carlo Markov Chain to generate ~20M pMSSM models according to preLHC data:

i Observable Constraint Likelihood function MCMC /
1;(0) DPeMS L(D?N5|u;(0)) | post-MCMC
1 | BR(b— s7v) (28, 29] | (3.55 % 0.23*% &+ 0.24F £ 0.09°") x 101 Gaussian [ MCMC
2a | BR(B, — pp) [30] observed CLs curve from [30] d(1 — CLs)/dz MCMC
2b | BR(B, — pp) [31] 32113 x 107? 2-sided Gaussian post-MCMC
3 R(B, — Tv)[32] 1.63 + 0.54 Gaussian | MCMC
4 Aa,, (33| (26.1 £ 8.0°P £ 10.0'") x 1010 Gaussian MCMC
5 my [34] 173.3 £ 0.5 £ 1.3%%( GeV Gaussian | MCMC
6 my(my,) (32 4.1‘)f3:f£ GeV Two-sided Gaussian MCMC
7 as,(Mz) [32] 0.1184 4 0.0007 Gaussian MCMC
8a my, pre-LHC: mﬁ"" = 112 1if my, > mﬁj"" MCMC
0if my, < mﬁ"‘"
sh mh LHC: mﬂ“’“' = 120, m,” = 130 1if mﬂl"“' < mp <m’ post-MCMC
0if my, < msf’“' or my, > m;:"
9 sparticle LEP (35 1 if allowed MCMC
MASSes (via micrOMEGAs [24]) 0 if excluded
10 prompt Xy er(xy) < 10 mm 1 if allowed post-MCMC
0 if excluded

Select randomly ~7300 models and do CMS detector simulation for 10k events each
—3TeV < My, M, < 3TeV

Sampling ranges:

C. Sander

0 < M3 <3TeV
—3TeV < u <3TeV
0<myg <3TeV
2<tanp < 60

0 < Q12, U1, D12,L12,E12, Q3 U3, D3, L3, E3 < 3TeV

—~7TeV < A;, Ap, Ar <7TeV,

SUSY Searches at CMS
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Magnet %

e The restart of the CMS magnet after LS1was more complicated than anticipated due
to problems with the cryogenic system in providing liquid Helium.

 Inefficiencies of the oil separation system of the compressors for the warm Helium
required several interventions and delayed the start of routine operation of the
cryogenic system.

e Currently the magnet can be operated, but the continuous up-time is still limited by
the performance of the cryogenic system, requiring more frequent maintenance than
usual.

e A comprehensive program to re-establish its nominal performance is underway.

e These recovery activities for the cryogenic system will be synchronised with the
accelerator schedule in order to run for adequately long periods.

e A consolidation and repair program for the cryogenic system is being organised for the
next technical stops and the longer technical stop at the end of the year.

e The Collaboration appreciates the priority being given to this issue by CERN's
Technology Department, which is responsible for the maintenance and operation of
the CMS magnet external cryogenic system.
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