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SUSY decays to Higgs bosons and their implications

® |ntroduction: EWkino searches at the LHC
¢ ﬁ;’gg production
® bounds after LHCS8

®* Higgs effects
® Realistic bounds

® Projection to LHC13/14
® (CP-violating couplings

® Summary
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EWino searches OLHC

® Largest production cross sections at the LHC: colored particles

* Direct Y*/x" production: LHC sensitive to lower masses

® Golden EWkino channel: wino-like )2%)28 — 3 leptons

| > |[Ma| > | M

* if my <mg= = most powerfull constraints (~ 700 GeV)
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EWino searches OLHC

® Largest production cross sections at the LHC: colored particles

* Direct Y*/x" production: LHC sensitive to lower masses

® Golden EWkino channel: wino-like )2%)28 — 3 leptons

| > |[Ma| > | M

* if my <mg= = most powerfull constraints (~ 700 GeV)

* it my>mgy: = most W Z/Wh + E™5 3 body decays
o |Ms| > |u| > [M| WZ/Wh + EMss 3 body decays,
° ‘M2

M| > || : compressed spectra
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EWino searches OLHC

® Interpretation of bounds

* specific models (CMSSM, GMSB, etc.):
Bounds on x* /%" reflect searches for colored particles
interpretation of results with more general assumptions
difficult/impossible

* Simplified Model Spectra (SMS) analysis:
Derive bounds on maximal production cross sections X BR
as function of particle spectra

Allows interpretation of exclusion bounds in different
models

However, assume 100% BR to WZ or WH
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EWino searches QLHC: (ATLAS, W Z, 3/ + E™)
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Simplified Model Spectra analysis: interpret carefully
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EWino searches OLHC

e~ ~0 rr ~
PP — X1 X9 — WXI1Zx)

Assume:

= Mg Mgy

— heavier sleptons
Exclusion limits for:

— gaugino-like Xlij{g

— bino-like Y

— including (X9 — X h1)

[Bharucha,Heinemeyer, FP]
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Simple expressions for decay widths [for > My, My, tang > 1]

2 .
L — EMZ Py
C>~<(1)>28Z ~ 2 exp( 5 > :
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1X2 2 u 7 tan 3 2
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tree ~ 2 2 2 2 1
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with K(X) x B*()Zl,XZ,X)
® Higgs-neutralino C~0 Oh depends on relative phases & tan 3

® o), =T = p-wave suppr. — thresh. dependence on relat. CP

Federico von der Pahlen, SUSY 2014 — p. 8/24



Effect of including the Higgs channel (ATLAS limits)

BR=1, M;>0, M;1<0

[Bharucha,Heinemeyer,FP]

® Dramatic reductiion in sensitivity for mgo — mgo > my,

® Effect stronger for small tan 3 and M; > 0
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Recent updates
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Recent updat

CMS@8 TeV, 19.5/fb
CMS-SUS-13006
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Recent updat

CMS@8 TeV, 19.5/fb
CMS-SUS-13006

tan 8 = 6,M; > 0:

® CMS 1 — 20 excess
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Recent updates

CMS@8 TeV, 19.5/fb
CMS-SUS-13006
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Recent updates

CMS@8 TeV, 19.5/fb
CMS-SUS-13006

100

tanp = 6, M1<0
S‘ 200 | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ]

O ~  CMS (95% CL CLs NLO Excl.) Vs=8TeV, L =195t <
(D 180 — 0t ] Eb(H

— - ———e— Observed 21203l [BR( - ZX) = 1] : A
— 160 — — N
Eﬁk - - = %= = Expected22j03 [BR(X, - ZX)=1] - 1 %

140:— _________ m;s-m?fmz, m%-m&?{i:mh —: I8

_ X

120 :— 5

80

60

40

—

150 200 250 300 350

400 10-2

m§k=m§p [GeV]

GCMS obs

Federico von der Pahlen, SUSY 2014

- p. 13/24



Recent updates

CMS@8 TeV, 19.5/fb
CMS-SUS-13006

tanp = 20, M1>0
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Recent updates

CMS@8 TeV, 19.5/fb
CMS-SUS-13006

tanp = 20, M1<0
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Recent updates

tanp = 20, M1<0
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EWino searches: Projections for LHCQ@13TeV

pp — )2%568 — WxVZxY Naive projection (L;,; = 100 fb™ 1)
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EWino searches: Projections for LHCQ@13TeV

pp — X1 X9 — WxZx? Naive projection (L;,; = 100 fb™1)
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e ATLAS & CMS projections @14TeV 300 fb~1:
95%CL exclusion up to 800 GeV very optimistic.
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EWino searches: ATLAS Projections for LHC@14TeV
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M, [GeV]

Constraining the phase of M
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® For larger tan 8 complementarity of EDM limits on ¢y,

* Outlook: x; X7 hy couplings — determine relative CP-phases
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Summary

Electroweakino searches @ LHC: no realistic bounds &
discovery reach projections

Neutralino decays to Higgs bosons potentially most sensitive
channel

use SUSY — Higgs interactions to constrain CP-phases

similar issues for to — t1h/Z (relevant for light 1),
ba(72) — bi(71)h/Z (relevant for large tan f3)
)Zét > Xlih/Z (heavy gauginos)
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backup transparencies
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EWino searches: ATLAS exclusion limits
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* Complementarity of x5 and X3 decays (opposite CP behaviour)

* higgsino-Z couplings unsuppressed: larger BR to Zx!
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RH stau-coannihilation scenario

Neutralino decay BR
~0 Z h ~0 ~
Xo —7 { ) 1}X17 T
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[Bharucha,Heinemeyer, FP]
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Scenarios

Scenario || )y, L4 tan 8 | Mgyusy M-x,
SATLAS 0 1000 6 2000 | Msysy
Siriag || 0.7 1000 6 2000 | Mgusy
sl 0 1000 | 6...20 | 2000 | Msysy

SPM g 1000 6,20 | 2000 | M|
Stow—p 0 [100...400| 6 2000 | Msusy

[Mi]| =0...200 GeV, M, = 100...400(500) GeV, Mz = 1.5 TeV

SPM: stau-coannihilation region, 7| ~ 7r
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