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EWK SUSY Searches

> Smallest SUSY production cross-section
“\

| ® Very challenging analyses

Events

1000 ® Need to optimise for specific scenarios

100 ® However, analyses with T in the final state are
10 still very important for the LHC programme
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EWK SUSY Searches

\ » Smallest SUSY production cross-section

®
®

—

Very challenging analyses

Need to optimise for specific scenarios

However, searches with T in the final state are
still very important for the LHC programme
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¥ . Search for T-leptons pair (had,leptonic) and pr™iss (SUS-17-003)

PRINCET

UNIVERSITY

CMS-SUS-17-003, arXiv:1807.02048 VI ¥y

Tt T v
5 T - / T
p 7T ,/ ~0 p X3 4/ p X1 o .- -:—0./
=" - X1 T T30 T XY
- X1 X1
- ~0 ~0
S~ =~ X1 = R &1
- .. 0 . T . .. T .
~_ ~a . - ~+ .. - - . -
y T \ X b % \'\T b X7 '\'\T
v v

. . ) indirect s-th production
direct s-th pair production CiN2 C1C1

| The analysis is the combination of
~ CMS-PAS-17-002 & CMS-PAS-17-003

covering both direct and indirect stau production

Covered final states : ThTh, UTh, €Th, €U
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ooy 3€arch for T-leptons pair (had,leptonic) and prmiss (SUS-17-003)

UNIVERSITY

Lepton Selection

Selection requirement ey eTh UTh ThTh
Electron pt [GeV] >24(13) >26 — —
Electron |7] =25 <21 — —
Electron |dy,| [cm] <0.045 <0.045 — —
Electron |d;| [cm] <0.2 <0.2 — —
Electron I <0.1 <0.1 — —
Muon pr [GeV] >24(10)  —  >25 — +Veto3rdleptons
Muon || <24 - <24 —
Muon |dyy| [cm] <0.045 — <0.045 —
Muon |d;| [cm] <0.2 . <0.2 —
Muon [, <0.15 — <0.15 —

Th PT [GeV] — >20 >20 >40
Th|7| - <23 <23 <2.1
Th, isolation working point — Tight Tight  Very tight

Baseline selection

Selection requirement ey eTh UTh ThTh
|Ap(41,42)] <15 <15 <15 <15
|Ay (41, £2)| <2 <2 <2 —
AR (4, 4p) <35 <35 <30 —

. T > 20GeV, T > 20GeV, T > 20GeV, T > 30GeV,
Betagged jebveto rrtzledium Csv rr;ledium CSsv Ir;ledium CSv ploose Csv
Additional jet veto >ljet, pr >20GeV  >1ljet, pr > 20GeV  >1jet, pr > 20GeV —
|Ay(jet, 4) | (1-jet events) <3 <3 <3 —

AR (jet, T,) (1-jet events) — <4 <4 —
m(4y,4) [GeV] 90-250 >50 >50 —
e/ y pr upper bound [GeV] <200 — — —
. .
Ymr [GeV] — >50 >50 —
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".» Exploited variables

e 12.9fb™ (13 TeV)
] 3 45000F
DYJets TTJets,WJets (signal) S oo00f. CMS. —— Observed
b= g Preliminary —J Z_—> Tt
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! \ 3 i : (] Misidentified e/u
| Pzws 25000 [1Bkg. uncertainty
\‘ - » > 20000
‘ PC s \ 15000f
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DC —PC,mis_a'PC,vis E
— — 0
P . — — X . P i — — — . Q 12
¢mis = PTmis - ¢, Povis = (PTe +P7,0) - € R ey
{ — bisector between the direction of the Tl b Lo Lo L L
200 -150 -100  -50 0 5o 100
electron and that of the muon D, (GeV)

o = 0.85 (optimized value)

Z=> 1T : V's from t-decays tend to be collinear with the emitted lepton :

| » D(tends to peak around zero

’ » tt/signal : The direction of the v is more random, so D( gives longer tails

] mT(q/ mlss \/2}7 ’qpmlss [1 — COS A‘P(ﬁT,q/ ﬁTrpiss)]

. 2
| M = min [max (m% ),m% ))] |
=X(1) |, 2X(2) _ =miss
pT,, +Pr =Pt
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... - Signal regions

ThTh : Three SR optimized for direct production :

i
\

» SR1 : mt2 >90 GeV targeting high Th masses

)

» SR2, SR3 : targeting lower masses w. mr2 [40,90] GeV and high (>350 GeV)
or moderate (300-350 GeV) Zmrt

1-22 : Signal regions are formed in [pr™iss, mr2, Dz, Njet] bins,144 in total

CMS 35.9fb™" (13 TeV) CMS 35.9fb™" (13 TeV) CMS 35917 (13 TeV)
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% Background estimation

¢ mis-ID Th: Dominant when a jet is faking a Tn , QCD (W+jets) for 02 (12); taken from data.

» ThTh: Looser isolation w. both twth SS; estimate the rate that non-prompt or mis-ID t» pass
the tight selection (~25%). Final result as a function of Tv’s (pr,decay mode ;1-3 prong).

» 1-20: Estimating a Transfer Factor R from a sideband region in (pt,n) of the Th, in a W+jets

enriched CR (60 < mT < 120 GeV, pTmiss > 40 GeV). R~ NGga(T) = Njie now(T)
Ngzia(L&!T) - Nl\(/:l% noW(L&!T)

» Finally, the estimated events in the SR are taken from

NSR(jet — T) = R (Ngdeband _ Nideband (gonyine 7)) in L & IT

CMS 35.9 1™ (13 TeV)
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e 10 L L I B L e e B
O o0 —+- Obse;)rved . - Top quark 3 \ —4— Observed - Top quark
o ~t ~ . 10 . — .
Z 0 %,/ %, (400). 7, (1) [ DY+jets 5’107 * FI%(400). %.(1)  [] DY+jets
2 10° X,/%,(400), %,(175) et ==, £ % /%.(400),%(175) [ Jet — T,
7 ~ ~ c
& 10 7,.(90), %, (1) [ Other SM = %,.(90). %.(1) 7] Other SM
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[%2]
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Background estimation

- CMS o ThTh “‘359"*""(‘1@‘9“’:} _  Cms I"lu 359fb (13 Tev)
gms —+—Observed .Top quark E ?109 —+—Observed .Top quark E
e DY+jets : Mainly originating from} g & [Jovses  Elie—r, 1 2F [Joveis [ otersm
. € 104 _ 517
Z-1T. Shape is taken fromj & Eoersu Thh 3
simulation and normalization from} " "7 =
data from high purity CRs. Results} ™5 = 1 T ee. -
are validated in MC. or ol
1EI...I 1
§i+ T Syst ne. S5 eesssssss WL Systune
£ 4060 80 100 120 140 16?)'1’23?200 BOSE g5 §5"50 95 100 105
m(z,7,) [GeV] m(u,u) [GeV]
ep
CMS 35.9 fb™ (13 TeV)
: . : 6 0 bserved | B Top quark
e QCD : Dominant for Thth (see previous slide). For S 10 M/iir(:zo) ) -V;quf‘a:
. . S L E * XX X +jets
1-22 from a matrix method; shape is taken from #12 . 7/)(6(400)X(”S)DQCDMW
inverted isolation and normalization from 0S/SS SO AO Bl Other SM
ratio. 1o*
10°
102
10 E
1
107"
. . LED 2 ‘e 1 Syst. unc+ +
e Other backgrounds : Taken from simulation T o it e
8 -0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2
d,(w) [em]
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Results (SUS-17-003)

CMS eTh 35.9 b7 (13 TeV)
Z 107 =
S o0 il —+ Observed I:Ithjets I:ISingIe t+jets
= F eT, * TR@00)7(1) [ ] DY(uwee)+iets [ Jet—-r,
10°
- w00 (1) []oYo+ets [l other sm
6|
10" ¢ 70400)52(175) [ Wwaiets [ ] Bkg uncertainty post-it
10°
- 0-Jet 1-Jet
10*°
1072
Q .
=
3
SRisssssizasgedresdizrzadld
" CMS e u 35.9 b (13 TeV)
12 |
s 107F . . .
2 = — Observed I:I tt+ets I:I Single t+jets
a 10"
C ew * 7R4000%°(1) [ DY(uwee)+ets [ | QCD multijet
S|
E w002 [ ovesets [ other sm
6|
10° £ . 5@/%2(400),%‘1’(175)|:| WW-ets I:IBkg uncertainty post-fit
10*
10?
1
107
Q15
=
~ 18
v
8 0‘5 PR R B ' . I i I I 1 I I 1 | .'...
SR:-Z'—,-E—%%%E:‘????E:iii—’i—?i?????ﬁ
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Events

Obs./MC

CMS u Th 35.9fb" (13 TeV)
102
L —+ Observed I:I tt+jets I:I Single t+jets

10
0oF wt, * R@0071) [ DY(uwee)+iets [l Jet—r,

8 | —
10 il TL(QO),X1( ) DY(tt)+ets - Other SM
10° :: ¢ X17(400)72(175) ] WW-ets [ ]Bkg uncertainty post-fit

41
10 C 0-Jet 1-Jet

ThTh

SR1 SR2 SR3
Nonprompt and misidentified 7, ~ 0.68 7050 2.49+1.83  <1.24
Drell-Yan+jets background 0.8010:37 <0.71 <0.71
Top quark backgrounds 0.0219% 0734031 1.76 £0.68
Rare SM processes 072+£038 020+0.15 0.20 752
Total background 22241 435117 3701138
Left (150,1) 1254040 291+£059 153+0.33
Right (150,1) 1.09+£0.26 127+£020 074+0.17
Mixed (150,1) 1.04£022 139£027 092+£0.15
Observed 0 5 2

10



InterAPreAtations - direct production

CMS 35.9 b (13 TeV)

L L s B s B B B B s S s B B B A
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. 68% expected

=== Oy osnL = 1 8.d. «=aen 95% expected
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o [fb]

o [fb]

o [fb]
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R e e B A e
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C1N2 in multllepton final states (SUS-16-039)

CMS-SUS-16-039, arXiv:1709.05406, JHEP 03(2018) 166

C1N2 w. W/Z/H boson mediated decays C1N2 w decays mediated by &,v

V/ H ¢
4
’JJJ’/ .7 / / / v
~ s 30
p X2 € 0 p XooL.e 0 p X3 & p X2 . ‘17——0/ -
~ . ~0 . X0
... 0 ... 0 Y] X1 v . 1
p ~4 - Xl p ~+ . Xl - .. _t . p ~4 - -
Xi ‘\_\_\ Xi ‘L\ p 7 \.\z Xi \'\y
W= W= v l

| Events are categorlzed accordlng to
“ ﬂavour/na/nT(up to 2), Njet, me'SS mT, Mee, P22, SS or OS

L
104C‘M‘S‘ SE— 359fb‘ (13TeV) 104CI‘VI‘S‘ ‘ B . 359fb (13TeV) - 10° 9M§ _ 359fb ‘(13Te\/)
% SR C OSSF +7T 3 %_) SR F e/u + 1T E [0 = SR A OSSF E
(5 —— Data 7 (D —— Data - (5 C —— Data ( X .
L PP Yy —lkv(400/350) | S T e =TTV (250/150) o e x “—lllv(500/450)
e 10 — %“;z‘—»uw(noom) E Q 3% rrev(600/1) ® 10°E — % —lv(1000/1) _|
- Wz 3 g 3 oWz _ > E oWz E
) [ Nonprompt e/u/t n n 10 [ Nonprompt e/w/t 3 -+~ e [ Nonprompt e/w/t 7
e 102 mm ZZH _ = B ZZH 3 S - B ZZH :
q>, | S\C;r\}versions 3 q>) | Ser\}versions ] Lﬁ s B = Ser\}versions b
. ] [ = —
L H ttX 4 L ttX 7 10 E X E
10 223 Total bkg. unc. — 102 23 Total bkg. unc. — C 23 Total bkg. unc. .
. 102
1 - =
10 E
10 3 10
-2
10 1 1k
O = Stat bkg. unc — Total bkg. unc. o E [ Stat. bkg. unc. [ Total bkg. unc. o £ [ Stat. bkg. unc. [] Total bkg. unc.
@ 4 o 4t o s
a 3 a3t @ 2F
~ ~ E ~ E
£ 2; £ zr g 1
‘ ‘ ‘ o E ‘ s ‘ ‘ o . S
= O0 50 100 150 200 250 300 %0 100 150 200 250 300 00 20 40 60 80 100 120 140 160 180 200
miss
Mp(L,1) (GeV) Py (GeV) M, (GeV)
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o Background estimation

IIIIIIIIII

e WZ or Wy™* : Dominant with 3 2 w. a OSSF pair. Taken from a CR w. 75<Mz2<105
GeV, mr< 100 GeV, 35 < ptmiss < 100 GeV.

¢ Non-prompt e,u,Th : Depending on ne, this is dominated by WJets/DY/1tt.
Greatest in 32 SR w/o OSSF and those with a tn. Estimated from “tight-to-loose”
ratio in CR from data.

e Conversion : W/Z radiates a y which converts. Present in OSSF pair and when 2SS
2. It is estimated in a CR comparing the Z= 22 with y* = 22 where12 is out of

acceptance compared to full prediction from simulation w. [Mge-Mzl > 15 GeV

e Charge mis-iD : When one £ from OS pair is mis-iD’ed (bremsstrahlung in tracker).

Relatively small background in SS. Estimated by reweighing OS events w. mis-iD
probability (obtained from simulation); relatively small overall.

e Rare w. multiple 2 : SS ¢s or > 22 from rare processes (VVX, ttH). Can be
suppressed by a b-jet veto and it is estimated from simulation.
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Results andmterpretatlons (SUS-16-039)
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Summary

CMS has in place very rich program for SUSY searches
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

PP — X9%F — w99
PP — X9XF — 0rvR9%Y

PP — X3Xi — T7TTUX

SO0
1X1
PP — ¥8%7 — WHRL?

PP — X3%i — WZXX9

pp — X8Xi — WZ/HXPXY
PP — X8XT/X9XT. X4 /X8 — (WH/Z)R8

PP — i NG, X — W2
pp — i XT — w8
PP — XiXi — TvTrRIRS

pp — lurlu/w. 0 — (X
pp — (nle, { — (X9
pp — lrlr. 0 — (39

f, Unfortunately, no signs of SUSY, not yet!
‘.‘ First CMS combined Run2 SUSY T result sets strong limits

CMS (preliminary)

July 2018

Overview of SUSY results: electroweak production
36 fb~! (13 TeV)

PP — X9X1

3¢: arXiv:1709.05406

> 30 + 2¢ same-sign: arXiv:1709.05406

> 3¢ + 2¢ same-sign: arXiv:1709.05406

30/ arXiv:1709.05406

3(/m: arXiv:1709.05406

3(/mn: arXiv:1709.05406

> 3(/ma: arXiv:1709.05406

= 3(/m + 2¢ same-sign: arXiv:1709.05406

1l+jets: arXiv:arXiv:1706.09933

h — 99 arXiv:1709.00384

combined: arXiv:1801.03957;1706.09933,1709.0038

2(¢ opposite-sign: arXiv:1709.08908

3¢: arXiv:1709.05406

2( soft: arXiv:1801.01846 AM =20 GeV

combined: arXiv:1801.03957;1709.08908,1801.01846

combined: arXiv:1801.03957

2( soft: arXiv:1801.01846 higgsino simplified model, AM = 15-20 GeV

7 dominated, = = 0.5

BF = 50%

PP — Xi X7
2(¢ opposite-sign: SUS-17-010 Mg =1 GeV

2¢ opposite-sign: SUS-17-010

JTh, ep: arXiv:1807.02048

BF(#v) = 50%, « = 0.5
ThTh, €Th, 7 dominated, x = 0.5
pPp — o
ete , utpu:
ete™, utp: arXiv:1806.05264
arXiv:1806.05264

arXiv:1806.05264

eter, utpu=:

flavour democratic, x = 0.95

flavour democratic, x = 0.5

flavour democratic, x = 0.05

7 enriched, = = 0.5
7 enriched, = = 0.05

7 enriched, = = 0.95

660
mass scale [GeV]

200 400

Alexis Kalogeropoulos - 24/07/2018 - SUSY18

"

Stay tuned

1200

16



Backup

17



2016 Data taking performance

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV CMS Integrated Luminosity, pp
Data mcluded from 2016-04-22 22:48 to 2016-10-27 14:12 UTC Data |nc|uded from 2010-03-30 11:22 to 2017-08-24 04:50 UTC
45 60 ; 60
- LHC Dehvered 41. 40 ! T" — 2010 7TeV 45, Opb 1
[ CMS Recorded: 38.27 fb ' 40 ) 5o — 2011, 7 TeV, 6.1 b lso
2 m— 2012, 8 TeV, 23.3 b
35 n m— 2015, 13 TeV, 4.2 fb *
| CMS Offline Luminosity (Preliminary) 30 .g aol 2016, 13 TeV, 40.8 b~ {a0
g e 2017, 13 TeV, 17.9 b !
25 - |
5 30 30
3
20 s
o 20} 120
4115 8
£
— 10} 1
10 = 0 10
e
{5 |2 x 50
o‘ o \Y X sxl c‘ 0
) ‘ . . . . 0 \)& x\I\"“‘ AW AW ‘p.\"?' xc,&q &o" AN 4 9%
3\ X
N RS N - - Date (UTC)
Date (UTC) Detector Active Fraction

pixel [N

Strip |
B+EE

Very successful data-taking 2016 :

m m
m @

m
w

Data collection efficiency > 92%
Subdetectors active fraction > 95% (2016)

oI I I X
- O " mm

RPC
CsC

o
=]
©
N
(3]
©
(3]

97.5

=]
S

Currently taking data, already ~100 fb-1 and counting!
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g . SUSY Interpretations

IIIIIIIIII

No excess ? — Set upper limits on the cross-section x branching ratio with the
use of Simplified Models of Supersymmetry (SMS)

SMS are :
v A bottom-up approach : more emphasis on the experimental signature
v Very practical due to small number of free parameters (usually 2-3)

Example :

® Core process produces a pair of SUSY-particles (other s-particles are decoupled)

® Use of a single decay chain producing a well defined final state/topology

2'free parame;ers

Alexis Kalogeropoulos - 24/07/2018 - SUSY18




".» Systematics - SUS-17-003

Uncertainty (%)

Signal Misidentified e/u/7, DY+ets Top quark backgrounds Rare SM

Ty efficiency

Electron efficiency (ey, et;,)

Muon efficiency (ey, 1)

Isolation extrapolation (eTy,, YTy, ThTh)
Misidentified T, correlations (7, )
QCD multijet normalization (ey)
T, energy scale (eT,, YTh, ThTh)

Jet energy scale

Jet energy resolution

Unclustered energy

Electron energy scale (ey, ety,)
Muon energy scale (ey, ut)

b tagging

Drell-Yan mass and pr
Background cross sections

Fast vs. full simulation

Integrated luminosity

5-11 0.1-5 5-10 4-10 0.1-10
3 — 3 3 3
2 — 2 2 2
— 15-35 — — —
— 8-13 — — —
— 50 — - -
0.1-23 — 1-34 0.1-24 0.1-33
0.1-45 — 0.5-24 0.5-39 0.1-67
14 — 29-61 3-10 11-31
0.141 — 242 0.141 0.1-100
0.1-22 — 0.5-5 0.1-13 0.1-100
0.1-11 — 0.1-18 0.1-11 0.1-100
0.5-3 14 0.1-3 4-20 0.1-2
— — 0.5-29 — —
— — 2-20 5-20 10-20
1-30 — — — —
25 — — — 2:D
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SR C, SRD - SUS-16-039

SR -C, OSSF+Th

’ p%uss (GeV) ‘ 75 < Mgg < 105GeV ‘ MTz(fl,Ez) (GeV) ‘ Mgg < 75GeV ‘ MM > 105 GeV ‘

50 —100 | 3700 +=1100 3427 440 £ 130 420 | 231 =65 223
100 — 150 83 £ 14 97 30+ 38 22 | 41+£11 32
150 — 200 194 £3.1 18 85+t26 2 11+4 6
200 — 250 0—100 19+08 2 |27+£11 1
250 =300 146 £ 2.6 17
300 — 400 32407 0 1.1+0.6 1 |29£10 3
>400 1.5+ 0.6 1
50 — 200 8.8 £20 10
>200 =100 19+07 1

SR D, OSOF+Th

[ Mra(f1,02) (GeV) | pis (GeV) | My, < 60GeV | 60 < My, < 100GeV | My, > 100GeV |

50 —-100 | 140 £40 126 | 117 £32 102 3210 21
100—-150 | 4112 37 | 35+10 24 11+4 7
0 — 100 150 —200 | 8.7+27 7 |78=x25 4 3715 7
200—250 (2711 2 |29%£12 1
> 250 2309 1 |14+06 1 30+12 0
>100 50 — 200 14+£0.7 1
>200 0.06 = 0.05 0
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Systematics -

SUS-16-039

Source Estimated uncertainty (%) Treatment
e/ u selection 3 normalization
Ty, selection 5 normalization
Trigger efficiency 3 normalization
Jet energy scale 2-10 shape

b tag veto 1-2 shape
Pileup 1-5 shape
Integrated luminosity 2.5 normalization
Scale variations and PDF (ttZ and ttW) 15 normalization
Theoretical (ZZ) 25 normalization
Conversions 15 normalization
Other backgrounds 50 normalization
Monte Carlo statistical precision 1-30 normalization
Nonprompt leptons (closure) 30 normalization
Nonprompt leptons (W /Z bkg. subtraction) 5-20 shape
Charge misidentification 20 normalization
WZ normalization 10 normalization
WZ shape 5-50 shape
ISR uncertainty 1-5 shape
Scale variations for signal processes 1-2 shape
Lepton efficiencies 2 normalization
Signal acceptance (pi5* modeling) 1-5 shape

Alexis Kalogeropoulos - 24/07/2018 - SUSY18
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2 Results - SUS-16-039

Model Categories used Figure
Xi X3 production, flavor-democratic, my =gz +0.5- (m 0 mﬁ) A 14

Xi X3 production, flavor-democratic, my = mzo+0.05 - (ng — mﬁ) SS, A 15 (left)
X1 X5 production, flavor-democratic, m; = m 70 +095- (m 2 mxv(l)) SS, A 15 (right)
XiX5 production, T-enriched, my = mzo+0.05 - (m;zg — m???) A, C 16 (left)
)Ef)?g production, T-enriched, m; = Mo + 0.5 (m Qo m X?) A, C 16 (center)
Xf)fg production, T-enriched, m; = m 2t 0.95- (ng — mg?) A, C 16 (right)
X1 X5 production, T-dominated, m; = my+0.5- (mXQ — mg(])) B-F 17

)’(Vli )’Eg production, heavy sleptons, )’(Vf )’Eg — WZ A 18 (left)
)’Zli )fg production, heavy sleptons, ;’(Vli )’Eg — WH SS, A-K 18 (right)
X?X? production, X?X? — 77GG A-K 19 (upper)
X?}Zg production, X?)’{? — HZGG A-K 19 (middle)
X?X(l) production, X?Xv(l) — HHGG A-K 19 (lower)
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