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Motivation

® Higgs connection
- natural SUSY: light gauginos and Higgsinos
© DM connection
- neutralinos: DM candidate
@ Colored superparticle might be very heavy
- no indication from current LHC search: msq, Mgiuino > 1 TeV
- EW sector (+stop/sbottoms) might be the only particles
accessible at the LHC
@ Neutralinos and Charginos
- suffer from small electroweak production
- current search mostly focused on slepton assisted channels
- current reach of neutralino/chargino w/o slepton: limited
@ Connection to Lepton Collider
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CMS limits

dilepton/trilepton + MET

CMS Preliminary Vs=8TeV,L =9.2fb"

CMS PAS SUS-12-022

| LEP2 chargino limit
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Decay of heavy neutraline and chargino
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Decay of heavy neutraline and chargine
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A rich mixture of (W/Z/h)(W/Z/h)+MET final states!




Decay of heavy neutralino and chargine
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MSSM EW-ino sector 101

® Gauginos and Higgsinos o
- Neutral ones: Bino, Wino, H.?, H4°

- charged ones: Winos, Ho*, Ha —)l @ Neutralinos and charginos

® Parameters: M4, M, p, tanf
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Order of M1, M2 and y

Bino LSP Wino LSP Higgsino LSP
M1 <Mz, p M2 <My, p M < M4, M2
Bino Wino E— Higgsino
e.g.: e.g.: AMSB.,... e.g.:"Higgsino-world", ...
sugr.a, CMSSM, I(\:/I?)igi Ztt. le" Twee%_—il?w//%%loizz?s% Baer, Barger and Huang,
gaf.lg.mo .mass Gherghetta et. al., hep-ph/9904378 ArXiv: 1107.5581
unification, ... Bear et. al., hep-ph/0007073

canonical case Moroi et. al., ArXiv: 0802.3725




Six cases

LSP(s): usual LSP+degenerate states
NLSP(s): 2nd set low-lying (degenerate) states

Case Al: Bino LSP-Wino NLSP M1 <Mz <
Case All: Bino LSP-Higgsino NLSP M1 < p <M

Case Bl: Wino LSP-Bino NLSP M2 <M1 < p
Case BIl: Wino LSP-Higgsino NLSP M2 < p < M

Case CI: Higgsino LSP-Bino NLSP p < Mq < M2
Case ClI: Higgsino LSP-Wino NLSP p < M2 < M
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Six cases

LSP(s): usual LSP+degenerate states
NLSP(s): 2nd set low-lying (degenerate) states

Case Al: Bino LSP-Wino NLSP M{ <Mz < p
Case All: Bino LSP-Higgsino NLSP M1 < p <M

Case Bl: Wino LSP-Bino NLSP M2 <M1 <p
Case BIl: Wino LSP-Higgsino NLSP M2 < p < M

Case CI: Higgsino LSP-Bino NLSP p <M <M
Case ClI: Higgsino LSP-Wino NLSP p < M2 < M

Small NLSP production at LHC: unobservable
nearly degenerate LSP pair productions at ILC: Unique opportunity!
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Case AI: Bino LSP - Wine NLSP

Xg decay: M1< M2 <u
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Case AI: Bino LSP - Wine NLSP

(x1i decay 100% via on/off-shell W )

Xg decay: M1< M2 <u
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Case AI: Bino LSP - Wino NLSP

(x1t decay 100% via on/off-shell W )

@ below h threshold, decay via on/
off-shell Z

@ Xx2° on-shell decay to h dominate
over on-shell Z for y >0

.

® X2°decay to h and Z flipped for p <0

J

S.Su

Xg decay: M1< M2 <u




Case AI: Bino LSP - Wine NLSP

@ decay occur via mixing through Higgsino

® M2 >> M4, x2°— x1°Zdominated by the decay via Z. (goldstone mode GP°)
® h, G° as mixture of H.? and Hd°

h=—v2 (s3Re(HC) + csRe(HY)),

x; decay: M,=100 GeV, M,=500 GeV
— h

X4 £
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Br (o/o)

Case AI: Bino LSP - Wino NLSP

@ decay occur via mixing through Higgsino
® M2 >> M4, x2°— x1°Zdominated by the decay via Z. (goldstone mode GP°)
® h, G° as mixture of H.? and Hd°

h=—v2 (sgRe(Hy)+ cg Re(Hy)),

G° =2 (sgIm(HY) — cg Im(HY?)).

U

x, decay: M, =100 GeV, M,=500 GeV
N‘:’ h " 'A

[

xS Z
107} ]
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tanbeta

10°

‘ large tanP, [(M; + My)* —mjp] [ [(My — My)? — mi]‘

small tanp, Z channel relatively suppressed ‘
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Case CII: Higgsino LSP- Wino NLSP

FxfW_ — Fxl_ w+

=~ FX?Z —+ Fx(l)h ~ FXgZ + Fxgh

~ Fx(l)h —|— Fxgh ~ Fxcl)Z —|_ FXCQ)Z.

Xg decay: u< M2 < M1

10

large M2, Br(h) ~ Br(Z) ~ 1/2Br(W*) = 25%

S.Su
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Case CII: Higgsino LSP- Wino NLSP

X; decay: u<M, <M,

10 ' '
| % W, W
=107}
0
FXQW:FXQW:FXI_LZ:FX%%L1:1:1 ‘
‘Iar'ge Mz, Br(h) ~ Br(Z) ~ 1/2Br(W*) = 25% ‘
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300
M, (GeV)
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Productions

Dominant production:
@ Wino pair production: cha-cha, cha-neu
® Higgsino pair production: cha-cha, cha-neu, neu-neu
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Productions
Xi Xi
M @Wi
e Xj
(a) (b)

Dominant production:
@ Wino pair production: cha-cha, cha-neu
® Higgsino pair production: cha-cha, cha-neu, neu-neu
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Productions: Bino LSP - Wino NLSP
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Productions: Higgsino LSP - Wine NLSP
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Productions: Higgsino LSP - Wino NLSP
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Productions: Higgsino LSP - Wino NLSP
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Summary

oy = ZU(Xin) x Br(xix; — XY),

0]

XY =WW~, WEW=*, WZ, Wh, Zh, ZZ, and hh

® Br(WZ) < 100%, sometime highly suppressed

@ Wh complementary to WZ channel: new discovery potential
® Zh could also be important

@ hh usually is small
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Summary

NLSPs and Decay Br’s Production Total Branching Fractions (%)
WHW—\WEW*\W Z|\Wh|Zh|ZZ|hh
Case Al |xT — \IW+  100% X X9 16 | 84
x5 — xih 84%(96—70%)| X7 X1 100
Case All|x7 — XYW+ 100% XTxY 25 | 75
X3 = xh T5%(90-70%)|  xi X3 78 | 22
X3 — x{Z 78%(90—70%)| x{x; 100
X9X3 64|20 |16
S. Su 16




Summary

0%y =D olxixs) x Brixix; — XY), l

o
—lcur'r'en*r WZ+MET limit weakened

A

NLSPs and Decay Br’s Production Total Branching Fractions (%)
ww - \wEwE(w Awh|zn| 22| mn

Case Al |xi& — W+  100% X X9 16 | 84
X3 —xh  84%(96—70%)| X1 x| 100 \_/|

Case Al T — OWE  100% XX 25 | 75
=0 T5%90-70%)  vEX? 78 | 22

X3 =32  18%(90-70%)| x{xy | 100
X9X3 64|20 |16
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Summary

0%y =D olxixs) x Brixix; — XY), l

i,J

NLSPs and Decay Br’s Production Total Branching Fra‘:éons (%)

ww- \wEwElw Awn zn| 22| nn
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Summary
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Summary

tot

ZO(Xin) x Br(xix; — XY),

Oxy =
i
NLSPs and Decay Br’s Production Total Branching Fractions (%)
WHW = |\WEWE\W Z|\Wh|Zh|ZZ|hh
Case BI |x) — XfWﬁx?h,x?Z , 68%,27%(xx), 5%(xx), production suppressed.
Case BII x5 — x{W* 35% X5 X3 12 12 [ 33[23[10]9 |2
Xf =Xtz  35% XEXS 12 12 | 27129(11] 3|7
T — xR 30% X3 Xo 12 25 [21(21]12]9
X3 = EWTF 67% X2X3 23 23 231211722
xS — XV Z 26%(30—24%)
X3 — XiWF 68%
X=X 24%(30—23%)
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Summary

oXy = ZU(Xin) x Br(xix; — XY),

(2%

NLSPs and Decay Br’s Production Total Branching Fractions (%)

WIW—\WEWE\W Z\Wh|Zh|ZZ

Case CI |x§ — XEWT, X?,zza X(1)72h, 52%,26%,22%, production suppressed.

Case CIL|x3 — x§ ,W* 51 % X2 X3 14 14 | 2624|116
s = \iZ 26% X3 Xa 26 27 | 23 [12] 7
X;'E — th 23 %
X3 =i WT 54 %

Xg — X972Z 24 %

Goaleh 2%

Wh comparable to WZ channel
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LHC/ILC searches

Channel |Signal (LHC) Signal (ILC)

W*W- OS2L + MET hadronic (4j),

WEWE SS2L + MET semileptonic,
leptonic final

W2z 3L + MET states +MT

Wh 1L + bb + MET

Zh OS2l +bb + MET

LSP pair ISR photon + soft
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LHC/ILC searches

Channel |Signal (LHC) Signal (ILC)

W*W- OS2L + MET hadronic (4j),

WEWE SS2L + MET semileptonic,
leptonic final

W2z 3L + MET states +MT
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Zh OS2l +bb + MET

LSP pair ISR photon + soft

Wh and Zh channels comparable/complementary to WW, WZ channels!
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LHC/ILC searches

Channel |Signal (LHC) Signal (ILC)

W*W- OS2L + MET hadronic (4j),

WEWE SS2L + MET semileptonic,
leptonic final

W2z 3L + MET states +MT

Wh 1L + bb + MET

Zh OS2l +bb + MET

LSP pair ISR photon + soft

Wh and Zh channels comparable/complementary to WW, WZ channels!

Tomohiko Tanabe: Joint LHC-ILC Studies-Electroweakino Scan)
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