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Electroweak SUSY introduction

@ Why should SUSY be

electroweak? cMS Moriond 2021
.. Overview of SUSY results: gluino pair production
e Limits on coloured 1970 (13 TeY)
i pp — &8
gauginos an d & — 1479 06: arXiv:1909.03460;1908.04722,2103.01290

16: arXivi1911.07558
2( same-sign and > 3(: arXiv:2001. 10086

sparticles stringent
° Coannihi|ati0n & — bb{9| 0f: arXiv:1900.03460:1908.04722

& qai?| 0 arXiv:1909.03460;1908.04722

scenarios of EW & qa({i/3) — aa(W/2)1 Uf s:xmsomlzz - BEGGERY) = 21, 2205
gauginos or sleptons -
cosmologically :
tempting, though
often compressed

@ General motivations for SUSY:

o Lightest stable particle (LSP) consistent with observed relic dark
matter when R-parity conserved
o Amendments to the hierarchy problem

o All analyses covered use £~! =137 fb~! corresponding to the full Run
2 sample at /s = 13 TeV
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Electroweak Run 2 combination

’ CMS Run2 electroweak combination SUS-21-008 ‘

Compressed Intermediate High mass
SUS-18-004 SUS-20-001 SUS-21-002
20r 3/ 2/ on-Z & W-+[W,Z,H] hadronic
(soft) 2 ¢ non-resonant (boosted)
SUS-19-012 SUS-20-003 SUS-20-004
20 (SS) & 1 ¢ and 2b 4b
> 3¢ (resolved or boosted) | (resolved or boosted)

@ Table summarizes channels of the combination paper relevant to EW
parameter space, only

@ Overlaps between signal regions have been accounted for
@ Improvements on the parametric signal extraction have been made

@ 2 or 3 / (soft) optimized binning for each compressed scenario
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https://cds.cern.ch/record/2853345
https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/ 2205.09597
https://arxiv.org/abs/2106.14246
https://arxiv.org/abs/2107.12553
https://arxiv.org/abs/ 2201.04206

Combination signal contribution overview

gaugino GMSB higgsino-bino sleptons

Search Wz WH | ZZ HZ HH | WW HH WH AN/
2/30 soft [17] all 2/ soft
2{ on-Z [15] EW EW EW
2/ non-res. [15] Slepton

Ss, SS, S5,
>3¢[18] ANN)  A-F all all all AT
142b [16] all all

3-b, 4-b,

4b [19] all 2-bb
Hadr. WX [20] all b-tag b-veto b-tag

@ Various models considered for interpretation
@ Individual channels assigned for combination to where they have reach

@ When possible, highest contributing channel per parameter space
point will be indicated
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Gaugino WH: {7 — W* and {3 — H

pp — Eﬁ% June 2023
S S e o e e
H & [ CMS preiiminary 137 fbl (13 TeV)
= 1801.03957, 11+bb, 36 fo* (WH) weExpected
P. e 53¢ 800 _5106.14246, 21 SS '+ 231 (WH) bt
2 7 E —2107.12553, 1++bb (WH)
~ s —2205.09597, 0l (WH)
Xg Y S >0 4001~ _5US-21-008, Combination
Tt X1
300

>0 20

S}

S
<
’_'H':

'

4N

+ 0 I AR | R | I A
W 2(‘)0 4(‘)0 6(‘)0 8(50 10‘00 1200
m@:m;g‘[GeV]
< SDOCMS‘Pvehm‘mavy : 137 fb™ (13 TeV)
. 3 R
o Complementarity of decay S oo e
e SO - wi,

channels improves reach 10

@ WH and later WZ model are of 20
the Wino-Bino type 20

Most sensitive analysis (expected)

@ Boosted hadronic channels

dominate high—mass exclusion 0 200 300 400 500 600 700 800 900 1000
my. = my [GeV]
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Gaugino WZ: ¥ — W* and {3 — Z

pp - Eg % June 2023

S 70O T T

7 3 [ CMS preliminary 137 fot (13 Tev) J

= 6001 1801.03957, combination, 36 fb™* (W2) —

P B¢ L _2012.08600, 21 OS (W2) —Observed 1
2 £ [ —2106.14246, 2| SS + 231 (W2) 1
~0 5001 —2205.09597, 0l (WZ) -

X @ ... >0 [ —SUS-21-008, soft 2/3-lep (WZ) 1

2 L. e X1 [ —SUs-21-008, Combination ]

N 400 3

300 4

AR S0 i ]

>+ Y O X1 200F 4

X1 [ ]

P, 1 100, 4

j: H
100 200 300 400 500 600 700 800 900 1000
mg = my. [GeV]

137 fb™ (13 TeV)

@ Soft lepton reconstruction
challenging

@ 2/3l soft: dedicated soft
multilepton trigger

@ Combining SS+0S and ¢ i Hadr. WX
mUItIPIICItIeS Improves mass 900 200 300 400 500 600 700 800 900 1000
reach and off-shell Z corridor MM

Most sensitive analysis (expected)



Direct slepton pair production

g— CMS  preliminary 137 fo™' (13 TeV)
pp =TT 177
==Observed = 10y, NLO+NLL excl.

2252 Expected £ 10,

riment

T k)
>y, )
1 \
= !
) =
rer:.[GeV]
,{\ﬁ =
ol vl vl

95% CL Upper limit on cross section [fb]

500 600 700

m;[GeV]

CMS  Preliminary 137 b (13 TeV)
@ Slepton masses of 210 GeV at S T %% g
. O 40| ez opserved = 10, NLL exc 2 g
mass splittings of 3 GeV can be = e ren I | -
achieved in the compressed edge - .. I
in the combination § =k 13" ¢
E 3 £
. 20 3 ] =
@ 2 / soft dominates compressed B 11 &
. E 3 =)
section 103 E 3
g 11 s
@ 2 / non-resonant drives high R R A

mass exclusion power ms[Gev] 7/12



GMSB neutralino pair production

CMS Fpreiiminary 137 fb™ (13 TeV)

~0 7

PP - KX,

8 - 28=1-8( - HO)

------ Expected

= Observed

= = 23| (obs)

s — + 2lon-Z (obs)
S\ ---- ab (obs)

b N ke NN L

Z 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

R [GeV]

CMS preiiminary 137 fo (13 TeV)

@ In case the Gravitino is the LSP
in GMSB models, direct
neutralino production can be
probed

B&EﬁHé)

@ Sensitivity depends here on the
Higgsino vs Bino nature

Most sensitive analysis (expected)

@ Combination improves the equal
200 300 400 500 600 700 800 900 1000

branching ratios scenario my [GeV] /
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W H H
) oy f’fﬂx ) Wy B8R«
N )?I .‘\ﬁ b >?2 RO %, P ?]i "L\\L\ﬁ
W+ : H W
0 . SOCCMS Preliminary 137 fb* (13 Tev)
@ Xj stays LSP, but in context of g - K% B R 6 - w=i, - wr=|] .
. . . 2 bserved £ 10, + I El
mass-degenerate Higgsino triplet 2 St o omhee :
o Considering WW, HH, and WH 400 10

final states

e > 3/, 142b, 4b, and 200
W+[W,Z,H] contribute 100)
@ Best reach towards higher mass )

splittings

ST T T T

f | | 1,1 1 S ]
200 300 400 500 600 700 800 900 1000
mg =my [GeV]

95% CL Upper limit on cross section [fb]
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Disappearing track search - electroweak results

Z wt e
p . QB « I P ?f o« ) A i’li o« ®
p e 0 b CRRET VT ? N 2 ;lf .........
: rt : L3
o PAS-SUS-21-006 uses disappearing tracks of long-lived charginos with

A m of O(100 MeV)

This leads to decays into pions or an off-shell Z boson inside of the
tracker

Search for one (> two) disappearing track(s), at least one jet

Aided by machine-learning-based classifier for genuine disappearing
tracks

Conducted in hadronic and leptonic search categories
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https://cds.cern.ch/record/2859611

Very compressed EW limits from disappearing tracks

Z*
4
d
//
0

p X.2. ) o« .. X(1J
: CMS Preliminary 137 fb? (13 TeV, =
% Eopp - %%‘«ﬁ’?j NLOMLLexcusion]| § B
. ~0 Q o Expected £ 10,,0. am’=2am* 4| 1 s
P >~<it . .\\ ...... X 1 62_4 o : Observed + 10, — rad currenlonsé ;10 g
S F ok E g
4 1 =
s E
2
@ Limits set on pure Higgsino dark matter 310" 5
[¢]
model (predictions indicated by green 5

line)

@ Mass splitting given by radiative
corrections only

@ Chargino and LSP masses can be
excluded up to 200 GeV
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Summary

o Electroweak SUSY is being
hunted in every corner CMS can

access pp - Qg% June 2023
S PR

- . — P -1 —|

@ A combination of electroweak  § **®°[ CMS preiminary 187 " (13 TeV)
. . e, | =SUS-21-008, Cambination (W2) - Expected |

analyses and their combined g sus 21008, Combint E;“W otwr

1200 —SUS-21-008, Comblna\noggl

—2106.14246, 21 SS +2 31 (X2 - b1l BF(II) 0.5, x=0.5)

results for winos, binos,
higgsinos, and sleptons was
presented. The complimentarity
between search channels and 600
their parameter spaces drives 400
improvements in limit setting,
even without new data

1000

RO

800

200

0 I PRI Vi L Y & A
200 400 600 800 1000 1200 1400

mg=mg [GeV]

@ Results on Higgsino dark matter
in disappearing tracks was
presented, setting limits in
extremely compressed scenarios

12/12



SUS-18-004 SR definitions

Variable 20-Ewk 2(-Stop 3(-Ewk
Low-MET Higher-MET Low-MET Higher-MET Low-MET Higher-MET

Niep 2 2 2 2 3 3

pr(01) [GeV] for e(p) (5,30)  (5(35),30)  (5,30)  (5(35),30)  (530)  (5(35),30)

pr(2) [GeV] for e(y) (5,30)  (5(35),30)  (5,30)  (5(35),30)  (530)  (5(3.5),30)

pr(43) [GeV] for e(u) — — — — (5,30) (5(3.5),30)

1 OS pair ' ' ' ' ' v

1 OSSF pair v v v - v v

AR(G) i, =1,2,3,i # J) — >03 — >03 — >03

Msros (£0) (MBing(£0) in 3¢) [GeV] (4,50) (1,50) (4,50) (1,50) (4,50) (1,50)

MZL5(£0) (AS=any sign) [GeV] — — — — < 60 —

Msgros(£€) (MZn.(€¢) in 3¢) [GeV] veto (3,3.2) and (9,10.5)

pr(€0) [GeV] >3 >3 —

Leading jet “Tight lepton veto” v v —

(G, PSS [GeV] (i = 1,2) <70 — —

Hr [GeV] > 100

piiss / Hy (2/3,1.4) (2/3,1.4) —

Ny (pr > 25GeV) =0

M. [GeV] veto (0,160) veto (0,160) —
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SUS-19-012 SR definitions Part 1

Category Requirements

2055 Two light leptons with the same sign

3(A  Three light leptons including one or more OSSF pairs

3(B Three light leptons including no OSSF pairs

3(C A pair of light leptons forming an OSSF pair and a 7, candidate

3(D A pair of light leptons of different flavor and opposite sign and a 7, candidate

2(SS : two light leptons of the same sign

M (£6) (GeV) _pr(ff) (GeV) 60 < piiss < 100GeV 100 < pifss < 200GeV__ pifi™s > 200 GeV
<70 S

3(E A pair of light leptons of same sign and a 7, candidate

3(F  Alightlepton and two 7, candidates

4G Fourlight leptons including two independent OSSF pairs

4H  Fourlight leptons including one or less OSSF pairs

41 Three light leptons and a 7, candidate

40 Twolightleptons and two T, candidates, including two OSSF pairs

4K Two light leptons and two T, candidates, including one or no OSSE pair

0 >70 5502 [ 2%3 Ett; z:gz :ff;
0-80 <30 2232 :il; 5509
=30 SS10
R =
R

3(A : three light leptons with at least one OSSF pair, 75 < M;; < 105GeV

3(B: three light leptons without an OSSF pair
min(AR((,£)) <04 04 <min(AR({,¢)) <1 min(AR({, () >1

BO1 I B02 I

3(C: ity orete + 1,

BO3

PSS (GeV) MR (GeV) Mp < 80GeV 80 < Mp < 120GeV My > 120GeV

My (GeV) pii** (GeV) Hy < 100GeV 100 < Hy < 200GeV Hy > 200GeV
50-100 A23 A36 A49
100-150 A AT
150200 A% A3
0100 300250 A% A3 A0
250-350 A51
350 Az A0 52
50-100 A% ALl A%
T00-150 A% AL A5t
150200 A30 A A55
100160 55750 A56
250-300 A31 Ad4 A57
300 A58
50-100 A% AT A5
100-150 A33 Ad6 A60
150200 A A7 A6L
2160 00350 A62
250-300 A35 A48 A63
>300 A6d

50-200 >0 Co1 T 02 C03
200-300 >0 C04 [ C05 C06
0-250 Co7
>300 250-500 08
>500 €09
3(D:efpT + 1,
Mra(£6) (GeV)  piris® (GeV) My < 60GeV 60 < My < 100GeV My > 100 GeV
50-100 DOL D06 DI1
100-150 D02 D07 D12
0-100 150-200 D03 D08 D13
200-250 D04 D09
=250 D05 D10 but
50-200 D15
2100 >200 Di6
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SUS-19-012 SR definitions Part 2

3(F: 27, + light lepton

3(E: same-sign light lepton pair + 7, Mra(6,70) (GeV)  piiss (GeV) Mg < 100GeV My > 100GeV
Mra(6,1)(GeV)  pihiss (GeV)  Myq < 50GeV ‘ 50 < Myg < 100GeV My > 100GeV 50-100 FO1 F07
50-100 E01 E04
— 100-150 F02 FO8
0-50 QS Eu’oi;{ E05 0-100 150-200 F03 F09
50-150 E06 [ 08 200-250 Fo4
>80 150-200 EO07 250-300 F05 F10
>200 E09 >300 F06
4(G: 4 light leptons with 2 separate OSSF pairs =100 56—200 F11
= =200 T2
MTZ (ZZ) (GeV) Mzz > 60 GeV MZZ < 60GeV
0-150 GOl 4/H-K : 4 leptons with one or more T, or without two light-lepton OSSF pairs
150-250 Gz | Go3 Mgz (GeV) ARM <08 ART >08
250400 Go4 0-60 X02
>400 GO05 —=%0 | X03 x0T
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01 SR definitions

Strong-production on-Z search sample (86 < my, < 96 GeV)

Region nj n, Hr[GeV] M (£0) [GeV] PRiss bins [GeV]
SRA b veto 2-3 =0 >500 >80 [100, 150, 230, 300, o)
SRB b veto 4-5 =0 >500 >80 [100, 150, 230, 300, c0)
SRC b veto >5 =0 — >80 [100, 150, 250, o)
SRA b tag 2-3 >0 >200 >100 [100, 150, 230, 300, o)
SRBD tag 4-5 >0 >200 >100 [100, 150, 230, 300, c0)
SRCb tag >5 >0 — >100 [100, 150, 250, c0)
EW-production on-Z search sample (86 < my, < 96 GeV)
Region j (nboosted) gy, ][)C?: \;]m ass Mr; [GeV] pRiss bins [GeV]
Boosted VZ <2 (>0) =0 — - [100, 200, 300, 400, 500, 0o)
Resolved VZ >1 =0 my < 110 M (€0) > 80 [100, 150, 250, 350, o)
HZ >1 =2 1y < 150 Mrz(fbfb) > 200 [100, 150, 250, c0)
Edge search sample (20 < my; < 86 or my > 96 GeV)
Region 1 n, Mo (00) [GeV]  piss [GeV] 1myq bins [GeV]
Edge fit >1 — >80 >200 >20
b veto >1 =0 >80 >150 [20, 60, 86]+[96, 150, 200, 300, 400, co)
b tag >1 >0 >80 >150 [20, 60, 86]-+[96, 150, 200, 300, 400, co)
Slepton search sample (20 < myy < 65 or myy > 120 GeV)
Region j n,  pi/ph M [GeV] PSS bins [GeV]
Slepton jet-less =0 =0 — M, (€0) >100 [100, 150, 225, 300, c0)
Slepton with jets >0 =0 >12 M (£€) >100 [100, 150, 225, 300, o)
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SUS-20-003 SR definitions

pIiss > 120 GeV and HISS > 120 GeV (2016-2018)

0= p(e) with pf > 25(30) GeV, || < 2.1 (1.44)

Lepton (e with pf PSS > 170 GeV (2016)
P < 0.1 py, pp™ < 5GeV
Vetolepton 0T With pf > 5Gev, 1| < 24 Isolated y(e) with p§ > 24 (25) GeV (2016)
PR <029 Isolated p(e) with p} > 24 (35) GeV (2017-2018)
Veto track charged PF candidate, pr > 10GeV, |y7| < 2.4
P < 0.1 py, pR™ < 6GeV Lepton Single e or  and no additional veto lepton, track or tau
Veto 1, hadronic 7, with pr > 10GeV, |57] < 2.4 vaall-R jets 2 < Niets <3,Np =2, P?On_b < 300GeV
7, MVA isolation P >125GeV
Jets anti-kr jets, R = 0.4, pr > 30GeV, || < 2.4 My 90-150 GeV
anti-kr jets, R = 0.8, pr > 250GeV, || < 2.4 mr >150GeV
b tagging DEEPCSV algorithm (1% misidentification rate) mer >200GeV
H tagging mass-decorrelated H tagging discriminator Ny I\]] e p-[rniss [ GeV]

PR cone size { relative isolation: AR = min[max(0.05,10 GeV/p}),0.2]

0 2,3 [125,200), [200, 300), [300, 400), [400, o)
1 2,3 [125,300), [300, o)

veto track, and ¢ absolute isolation: AR = 0.3
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resolved topology

AK4 b-jet b-jet 75(1] bjet A4 Dt i fake AK4 b-jet
Y I
ARy, K ¥ el ARy = >
AK4 bjet g7y & AK4 b-jet  AK4 brjet © bjet s b—JZ:

boosted topology

=0 .
' X1 b-jet axg bb-jet
AKS bb-jet  Pjet

fake AK8 bb-jet

X
b-jet fake AK8 bb-jet
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2 SR definitions

Region Requirements
>1 V-tagged jet
b-veto SR >1 W-tagged ]et W boson candidate Higgs boson candidate

7 . W tagged notW tagged bb tagged notbb tagged
>2 V- or W-tagged jets WHSR 1 - >1 =
0V p W SR >1 - 0 —
-ta t: HSR 0 — >1 —
b-veto 0-tag CR g8¢ J.e s WH antitag CR 0 >1 0 >1
0 W-tagged jets W antitag CR 0 >1 0 0
H antitag CR 0 0 0 >1

1 V-tagged jet

b-veto I-tag CR 0 other W-tagged jets
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