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State of the art of CMS searches for EWK-inos in Run2 ()

- EWK-inos are expected to be in the few hundreds GeV mass range based on naturalness and

unification arguments = extracting the signal from the background is challenging
- EWK-inos are produced via EWK production = sensitivity up to ~10 fb (compared to ~1 fb for

gluinos) in simplified models
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State of the art of CMS searches for EWK-inos in Run2 (ll)

* Sensitivity strongly depends on EWK-inos composition, affects cross-sections and BRs
« Wino into Bino mode via Wh (when kinematically allowed) and not WZ

- If focus on WZ decay, sensitivity suppressed by reduced higgsinos xs

Branchnng Ratio N

1 =N, h
* N,z
| ........ .61w C1, N2 mass Wino Higgsino
W B W D W S S _.N,1 ) (') CiN2c (fb) C1N2 o (fb)
HEHEEEBEE 100 22670 3277
Behn B § 200 1807 244
EEEEEEEEN. 300 387 51
o I o0 B A R it 400 121 16
“1 1111111 [ 500 46 6
mmEEEEEEER ¢ 600 20 3
= N,y
100150200 250 300350 400 450 500550
( (M1 =50 GeV)) u [GeV] DGnoSL_TB10 https://twiki.cern.ch/twiki/bin/view/LHCPhysics/

SUSYCrossSections#Cross_sections_for various S _AN2

Courtesy of Borge Gijelsten m

2= Fermilab



State of the art of CMS searches for EWK-inos in Run2 (lll)

- Interpretation of analyses in (more) realistic scenarios is essential to assess actual sensitivity of LHC
- higgsino expected to be at low mass
- for decoupled winos, no exclusion beyond LEP

- for low mass winos, sensitivity to higgsinos only up to 160 GeV
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Spectra with low mass sleptons and EWK-inos (l)
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Spectra with low mass sleptons and EWK-inos (ll)

CMS Frreiiminary 35.9 fo' (13 TeV)
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EWK SUSY at HL-LHC and HE-LHC?

- The HL-LHC dataset has the potential to increase the sensitivity to EWK SUSY by 3000/36 ~ 80x

« assuming no deterioration in the performance of the detector

- The HE-LHC at 27 TeV can lead to a ~2x increase of signal xs for sub-TeV EKW-inos
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Key ingredients for EWK searches at HL-LHC

- Discovery potential of the HL-LHC critically depends upon the

performance of the upgraded CMS detector

Essential to the success of the EWK searches at HL-LHC:

Excellent MET resolution

Triggers with low and sharp turn-ons

« e.g. Run2 SOS analysis based on MET > 90-120 GeV trigger and
MET & soft muons trigger

Excellent performance of lepton reconstruction over a broad pT

range

- to also probe (highly motivated) compressed scenarios

Efficient and pure b-tagging

Efficient reconstruction of boosted bosons

- to maximize sensitivity at high mass EWK-inos in non-

compressed scenarios
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CMS PAS SUS-14-012

Search for Wino-like C1N2 decaying into Wh 1Lbb (l)

- Signal and background shapes are determined using Delphes 3.0.10

« objects efficiencies and resolutions corrected using a preliminary Full Simulation of the Phase 2 detector

« PYTHIA 6.4 used for generation of pile up events (<mu>=140)

- signal and background events generated with MADGRAPHS5, including up to 4 extra parsons from ISR and
FSR, matched to PYTHIA 6.4

« NLO xs used for both the signal and the background

- systematic uncertainties assumed to be 1/2 w.r.t to that measured in 8 TeV analyses

- MET and MCT are the essential observables to discriminate signal from background
14 TeV, 3000 fb™”, PU = 140
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CMS PAS SUS-14-012

Search for Wino-like C1N2 decaying into Wh 1Lbb (i)

Sample | EXS > 200GeV | EZSS > 300GeV | EXS > 400 GeV | EZSS > 500 GeV
25% Background Uncertainty
WH signal (200,1) 2.8 1.9 43 5.5
WH signal (500,1) 1.4 3.0 7.6 6.9
WH signal (900,1) - 0.4 2.5 4.7
Natural Model 2 0.6 1.3 29 24
12.5% Background Uncertainty
WH signal (200,1) 5.8 3.8 6.7 6.8
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Natural Model 2 14 2.7 4.7 3.0
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Potential Improvements to the Wh(1Lbb) search

Improved MET resolution

with timing information

14 TeV 300/3000 fb PU 50/1 40

—~ 1000———F——
> i CMS Phase I Delphes Simulation -
0 [ e 2012 Observed 95% CL Exclusion Preliminary _
= _ 800} " 3000 fb' 95% CL Exclusion —
gx - —— 3000 fb" 50 Discovery -
[ 300 fb™ 95% CL Exclusion 7
-1 . 7
600 — 300 fb™ 50 Discovery ]
B ~x~0 0 0 et e -
: X1X2 - Wi1 F&1 “““““““““““““““““ —”
s00- T e
200

1
600

-,
400

8orgr>Lo ( GleV(;oo
Improve acceptance to
e boosted Higgs bosons
through double-b tagger?
double-b

11

Misid. probability (multijet)

107"

1072

10°°

CMS Phase-2 Simulation preliminary PV =200 2
© 451 no MTD 3
e ¢ MTD 13
¥ 40 — —— Qudratic difference (GeV) e
£ | —  — Relative difference (%) .
= g * T
330 4 T‘*j:+i+* .
e} + —e— ]
25 ;F -
- ]
20 — =
E /// — - .
15 /// - — E
. P .
10[- 7 -
5 - ~ ]
5 :—// .~ =
7 -~
0 2 S W R S NN NN SN SR SN AN TN TS TR T NN N S N N
0 0.5 1 1.5 2

Line density (events/mm)

CMS Simulation

- = Subjet CSVv2, minimum among two subjets
++AK8 jet CSVv2 "
AK4 jet CSVv2, AR(AK4 jet, AK8 jet)<0.4 ;7 .
- double-b L

1712.07158

.
.
o

ot
.
.
A
)
.

.
o
.
.
o
.
.
ot
.

AKS jet
50 <m < 200 GeV

300 < P, < 500 GeV
L i

04 06 08 1
Tagging efficiency (H—bb)
2& Fermilab

02

o [



12

Plan for SUSY studies at HL-LHC - Yellow Report

Core program including searches for natural SUSY scenarios and spectra with low mass
sleptons

Results interpreted in simplified models and within realistic models
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Search for Higgsinos (l)

- Search for events with Higgsinos produced in association with an
ISR jet

+ boosted system leading to relatively high momentum leptons

 search inspired by Run2 search https://arxiv.org/abs/1801.01846

- SRs based on low pT leptons (up to 5GeV in Run2), MET and dilepton 14
invariant mass
CMS 33.2-35.9 fb (13 TeV) CcMS 35.9 o' (13 TeV)
p— 50 ) __102 ‘(e 7_L|1Ht]tllzl!r]HI!]HH]HH[Iln]lnr]lnr]”l'_
~0 ~=+ w ~0 ~= . ~ - — | - C miss 7
> PP X% %o > L Ao X = WY, 1 8 9 - =\D/§ ) :’:Dt>25°GeV .
O 45| —= ] — g6~ mVVv ata =
: =ObS€l’V6d + 1 Otheory i S E =}\lwonprc)mpt ep --TChi150/20 E
3T 40 =2z Expected = 10 imen . 5 5 mRares ~ [Total bkg. unc. 7
S ' @ n .
™ 3sh \ 4 <10 7 P [P =
~ “Caveat: Wino-xs 1 3 8 - -
S - = a - o 3:_ _:
< S0F 41 & : :
25w v 4 1 E .
E E —1 o
20— — 3 8.
& al Qo
- ] : > 0: ‘ ]
15— - 6’ g 4 Total bikg. unc. E
i 1 L S OF E
10 et i - L w2 -
iAo sl |‘Y'| e AR RN RN BN SN BN B RN AN BN R 10—1 m D 1: I I =
100 120 140 160 180 200 220 240 260 0 2 ‘ A . . ‘ 1 N
5 10 15 20 25 30 35 40 45 50
myo o- [GeV] M(££)[GeV]

2’ M

2= Fermilab
13


https://arxiv.org/abs/1801.01846

CMS Delphes Phase Il Simulation Preliminary, PU 200, 3 ab” 14 TeV
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Additional search for Natural SUSY
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Search for Wino-like C2N4 decaying into same signh Ws ()

- Signal and background shapes determined using Delphes updated to the latest Phase 2 Full

Simulation

- using very tight requirement on lepton identification (derived from Run2 search in SS final states)

« Delphes yields of V+HF scaled by 25% to include contribution from LF and conversions

- Systematic uncertainties assumed to be the same as in the Run2 search

* 20% (50%, 20%) on prompt (fake, signal) yields ~ _ .C.M.S] Phase-2 ISi{nqleftiqnl — 14 TeIVI, ?QO. PU
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Search for Wino-like C2N4 decaying into same sign Ws (ll)

- Baseline SR binned into 7 MTmin based regions

. [0, 90), [90, 120), [120, 150), [150; 200), [200; 250), [250; 300), and [300; inf) GeV

Search sensitive up to ~900 GeV scale for both assumptions on N1 (150, 250 GeV)

Events
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Searches for Staus

Staus expected at low mass scale in selected SUSY
models (e.g. co-annihilation scenarios)

Very challenging search due to low xs for producing
stau pair (~few pb @ 100GeV), and low acceptance
HL-LHC is critical to probe for this process

Both searches currently based on Full Simulation
of the Phase 2 detector

« expect significant improvement from timing information,

not included yet
Developing two searches based on the Run2
experience
« CMS-PAS-SUS-17-003, CMS-PAS-SUS-17-002
MET and MTsum exploited to discriminate signal

from background in both final states

18
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performance (not included yet)
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Searches for Staus

Staus expected at low mass scale in selected SUSY
models (e.g. co-annihilation scenarios)

Very challenging search due to low xs for producing
stau pair (~few pb @ 100GeV), and low acceptance
HL-LHC is critical to probe for this process

Both searches currently based on Full Simulation

of the Phase 2 detector
« expect significant improvement from timing information,

not included yet
Developing two searches based on the Run2
experience
« CMS-PAS-SUS-17-003, CMS-PAS-SUS-17-002
MET and MTsum exploited to discriminate signal

from background in both final states
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Events/50 GeV

CMS Preliminary 35.9 fb™ (13 TeV)
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CMS phase it Simulation Preliminary 3 ab™', 14 TeV, 200 PU

Searches for Staus in 11 final state
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Searches for Staus in the pTt final state

- Additional sensitivity provided by search in the lepton-t final states
« Events selected if they contain one tight tau with pT > 40 GeV, one tight muon with pT > 25 GeV,
no additional leptons, no additional b-jets

- Expect sensitivity up to 500-600 GeV for current assumption on PhaseZ2 detector

CMS 3ab' (14 TeV) CMS 3ab’ (14 TeV)

— Phase2 Simulation Preliminary (PU = 200) n ~ Phase2 Simulation Preliminary (PU = 200) n

b TF =500/ b TR = 20001

b TR =300/1 -|— BKG

b TF =500/ b TR = 20001

b TR =300/1 -|— BKG

Entries /30 GeV
)

Entries /30 GeV
)

e = e E
Rest-1.2 % L i :!. ............ - e _
10 s i eeeeeeeens = 107" =
- SO g s |
107 E 107 E
10—3 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 10—3 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIiI|JJILlJILI.
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Plans for the Studies of SUSY at HL-HE with CMS ()

The Run2 based searches for EWK SUSY set the foundations for searches at HL and HE-LHC

- The current sensitivity to most promising models is at ~200 GeV scale

Both HL-LHC and HE offer unprecedented opportunities to explore the EWK production of SUSY
- electroweakinos (higgsinos, gauginos)

- sleptons

The Technical Proposal includes searches for wino like C1N2 in WZ / Wh decay modes

« achieved sensitivity to the ~TeV scale at HL-LHC with preliminary detector simulation

The current plan for the Yellow Report is to develop targeted and complementary searches

for Natural SUSY scenarios and for low mass staus

« search for Higgsinos-like C1N2 in the final states with one ISR jet and soft leptons
« search for wino-like C2N4 in the final states with two SS leptons

- searches for staus in both the lep-th and thTh final states

« Results will be interpreted in both simplified models and realistic models (RNS)

2= Fermilab
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Plans for the Studies of SUSY at HL-HE with CMS (ll)

- Additional promising searches for SUSY
* higgsinos-like C1N2 in the VBF topology
- wino-like C1N2 in the Wh(1Lbb) with timing information at object level reconstruction & final
states with boosted Higgs bosons
* N1N1 in the 4b final states (GMSB models)

- single stop in the mono-top final states
Higgsino-like (u1=100GeV, M1lg=2TeV)

35.9 b (13 TeV)
LANLARLEN DL BN A=

CMS Preliminary ’
L L ' LI l L L I L J I~l _I T L l~ o . 1 [ . . ?ﬁ'—’ tanﬂ=10 4
pp = X5 X = X)X+ Xy— hhGG + X, 10} . Py 1
= 10° My, =~ My, = Mz Mg =1GeV : . 0 T T, anp=s0
=, : " = 10°} R R L ?Li-‘l,tamp=1o1
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Additional Material
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CMS PAS SUS-14-012

Searches for Wino like C1N2 decaying into WZ and Wh

 Projection of sensitivity based on selected 8 TeV CMS searches
» results included in the Technical Proposal for the CMS Phase 2 detector upgrades
« assuming no deterioration due to HL condition and detector aging
« expected sensitivity e.g. for C1N2 in Wh up to 900 GeV

] 1 Ll |l T I 1 Ll |l T I 1 T Ll T I

— Summary of CMS SUSY Projections with SMS

B 5o discovery: 14 TeV, 3000 fb™

50 discovery: 14 TeV, 300 fb™
7~ Wi _
X%y 1% | 95% CL limits: 8 TeV |

~t0 00 |
% Wiz, | R |
~— 00 |
5 - %, [ N
~— 00 | T
§ > qqadl,%, | B

I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
500 1000 1500 2000 2500

Probe *up to* the quoted mass Mass scales [GeV]
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CMS PAS SUS-14-012

Results from SUSY Searches - Full spectrum Models (I)

- Natural scenarios (NM1, NM2, NM3)
- strong interaction sector and decay BR of the gluinos
similar in the three models
- NM1 (Bino like LSP)
- NM2 (Wino like LSP)
- NM3 (Higgsino like LSP)
- Stau co-annihilation model (STC)
- light stau1 almost mass degenerate with bino-like
neutralino
- Stop co-annihilation model (STOC)
- light stop1 almost mass degenerate with bino-like
neutralino
- stop decays into charm-neutralino
» gluino-gluino & gluino-squarks cross-sections are

smaller but not negligible
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CMS PAS SUS-14-012

Results from SUSY Searches - Full spectrum Models (ll)

Analysis Luminosity Model

(b1 NM3
all-hadronic (Hr-H'S) search 300
3000
all-hadronic (Mt,) search 300
3000
all-hadronic gl search 300
3000
1-lepton t; search 300
3000
monojet t; search 300
3000
my+¢- kinematic edge 300
3000
multilepton + b-tag search 300
3000
multilepton search 300
3000
ewkino WH search 300
3000

< 30
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CMS PAS SUS-14-012

Search for Wino like C1N2 decaying into Wh 1Lbb
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Extend the search to Higgsinos produced via VBF (l)

: : q
- The importance of vector boson fusion
P ¢ / .
signatures has been long recognized and it X1
. . |44
has become a well established experimental 70
technique W G
— 1
. EWK-inos can be produced via VBF with a q T~
: : . q
signature of forward jets and missing SUS-14-005
transverse momentum Seloction Coy il ol T
. : : pr(n)|GeV] | >30 >30 —
Searches for VBF production of winos ol fe”)‘% éGf,\]/] >15(e), >10(0) — @ —

: : : - pr(Th)[Ge — >20 >45
decaying via staus has been carried out in o) | <21 551 o1 *
Run2 (SUS-14-019 - OL, SUS-14-005 - 2L) New® |0 0 0

_ _ pmisS[GeV] | >75 >75  >30

« 2L: dominated by tt and DY/W+j pr(jets) >30/50 >50  >30

. 0l - - - 71 (jets)] <5 <5 <5
OL: dominated by Znn, W+j A7 (jets)| ~49 o402 w49 *

mmn2 <0 <0 <0
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Extend the search to Higgsinos produced via VBF (ll)

. Strong interest in theory community as well (1210.0964 - 2L, 1304.7779 - OL, 1502.05044 - OL)

VBF, Higgsino

6 | | | . ; .
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with soft leptons are included

\_

(Sensitivity may improve significantly if timing information
IS used to suppress PU induced background and channels
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1501.02511

Searches for Sleptons

neutralino1 mass(GeV)

31

o0
)

LEP2 excluded

] (Sensitivity from re-interpretation of the\

search for higgsinos in the final state
with one jet and soft opposite signs and
L same flavor leptons y

Current limit ~350 GeV, but still
limited to DeltaM ~ 100 GeV

ATLAS excluded

140 160 180

slepton mass(GeV)
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Long Term Plan CMS Preliminary _

35.9fb" (13 TeV
RN R RARELRARAA B
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- Extend the program to full EWK-inos g o)

spectrum % 17E

* e.g. pair production of N2N3 leading to final states § 10‘

with multiple bosons (hh, Zh, Z2) sk

* new signatures with b-jets (usage of double b-tag?) 2050

- Explore the 3rd generation section

* single-stop production to probe compressed stop- I
higgsinos scenarios 100§r
- search for heavy states (e.g sbottom decaying into 10_15
stop+W) when low mass ones are experimentally _ 10_:
invisible g ::r
10'4:g
10°}

Higgsino-like (u1=100GeV, M, ,=2TeV)

. —— 1 H, tanp=10 i
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