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Introduction & Motivation

Overview of Analyses

SUS Code | Title Data Sample
SUS-13-006 Search for electroweak production of 19.5 fb! 8 TeV
charginos, neutralinos, and sleptons using
leptonic final states in pp collisions at 8 TeV

SUS-13-017 Search for electroweak production of 19.5 fb! 8 TeV
o o o /@ BRAND
charginos and neutralinos in final states NEW
with a Higgs boson in pp collisions at 8 TeV

All results available via CMS SUSY summary twiki:
https:/Awiki.cern.chAwiki/bin/view/CMSPublic/PhysicsResultsSUS
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Introduction & Motivation

Intro/Motivation
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Introduction & Motivation

Intro/Motivation
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+ “Strong SUSY” — large o, jets, E;™ss, (leptons)
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Introduction & Motivation

Intro/Motivation
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+ “Electroweak SUSY” — small o, lepton(s) + E;™Ms®

NLO(-NLL) o(pp—> SUSY) [pb]
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SUS-13-006: Searches in Leptonic Final States

Models & Signatures

xx° with light sleptons

2
X 5(2//20

32, same-sign 22 v
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SUS-13-006: Searches in Leptonic Final States

Models & Signatures

xx° with light sleptons

2
X 72(2)//20

32, same-sign 22 v

x:x° with decays to W/Z

PN
Vi x\v\’/‘

30, Z@O)V(jj)
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SUS-13-006: Searches in Leptonic Final States

Models & Signatures

xx° with light sleptons

N\ 7

32, same-sign 22 v

x:x° with decays to W/Z

X ke ffffcf

30, Z(02)V(jj)

GMSB higgsino ZZ+MET

y,z }zlc’ff_»é

4Q 39, ZQO)V(ji)
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SUS-13-006: Searches in Leptonic Final States

Models & Signatures

x=x° with light sleptons x:x° with decays to W/Z GMSB higgsino ZZ+MET

X 5(2 """ \ ‘Jjﬂzftf \’ "JfG
n 5{1 _____ \j(f /} Zf*\kzé

32, same-sign 2Q SQ Z(2)V(jj) W 49, 32, Z(2Q)V(jj)

x*x with light sleptons

> 2

direct slepton production
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opposne sign 22
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SUS-13-006: Searches in Leptonic Final States

Models & Signatures

x=x° with light sleptons x:x° with decays to W/Z GMSB higgsino ZZ+MET

X 5(2 """ \ ‘Jjﬂzftf \’ "JfG
n 561 ..... \ff /} Z}q\&z@

32, same-sign 2Q 3{2 Z(2)V(jj) W 49, 32, Z(2Q)V(jj)

x*x with light sleptons

opposne sign 2¢

» Broad array of searches targeting variety of final states
» Analyses are exclusive — combined to improve sensitivity

direct slepton production
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SUS-13-006: Searches in Leptonic Final States

31 : Overview

Z
S0 '/-/1/ S0 (K’IJ
P, LR R IR 2
i

's=8Tev,L =1951fb"

- Event selection — iiansasve
= LN
— Exactly 3 leptons, up to 1 1, .4 (059 oo WA e
— MET > 50 GeV — suppress Z+jets E'T'_ RS M
1501 P I B B E
— b-veto — suppress ttbar N .
— Classify events based on lepton flavors, 1%°F 3‘?:;' ;;’."“,' '-:-'..‘..'.A . E
My, M(2,MET), MET ol CENTESEE e L T
ERNACLY.  + bR R
- A, ow me B, . b
- Dominant backgrounds: AT N
— WZ: MC with data-driven E;™ss corrections o e
) T My, [GeV]

— tt+fake: data-driven fake rate methods



SUS-13-006: Searches in Leptonic Final States

3l : Results

high M+
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Data consistent with bkg
over range of kinematical
regions, lepton categories
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SUS-13-006: Searches in Leptonic Final States

£x" Models with Light Sleptons

“flavor-democratic” (3¢)
light (2,,%,)

CMS Preliminary L,=185M" E=8TeV

“tau-enriched” (22+t)
light 25, small tan

2
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SUS-13-006: Searches in Leptonic Final States

SS 2l channel

CMS Preliminary ool fo=8ToV L = 1951b"

> = @ Ovserved
q; S Single Fakes
: O vt
» Event Selection e B e b )
B 15 Charge MisiD
. - Total Uncertainty
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T p ) |
] ) - 3 no excesses!
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SUS-13-006: Searches in Leptonic Final States

Z(I)V(jj) channel

Event Selection

— Z—eelpp candidate

- =22 jets with M; ~ M,/M,
— b-veto — suppress tt

w

ratio

o
n

Dominant backgrounds

> . R

8 1ok oo s — Z+jets: model fake E;™** with
2 @ oo events [ — y+jets data control sample

» [ wzszz .

% . B o — tt: from ep data control sample
o

* Results

— Data well-described over ~4 orders
of magnitude — no excesses

150 200 250

ET'*° [GeV]
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SUS-13-006: Searches in Leptonic Final States

YEx? — WZ + EI*s Interpretation

CMS Preliminary me =195f" {s=8TeV
T T T T q —~
< [ 707 95% C.L. CLs NLO Exclusions | £
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» Results based on Z(22)W(jj) and 32 searches
— Complementarity: improvement from combination
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SUS-13-006: Searches in Leptonic Final States

4] channel

5 i
i -
S _ « Event Selection
/3 % ﬁ;::' G — 49, upto 1 7,4
! Z — Classify events by #OSSF pairs,

0vs. 1 Ty EMs

o

E™ (GeV) | Observed | Total Bkg
1 OSSF, 0 7 ;
0-30 T [ 2306 + Dominant backgrounds:
30-50 3 12403 . .
50-100 2 15+ 04 — ZZ: from MC, with data-driven
> 100 2 0.8+ 0.3 :
TOSF 17 MET corrections
0-30 33 25+ 12
30-50 11 11431 * Results
50-100 9 9.3+ 1.9 .
> 100 2 2.9 £ 06 — Data agrees with SM background
2 OSSF, 0 7
0-30 142 149 + 46
30-50 25 28 + 11
50-100 4 4.5 £ 2.7
> 100 1 0.8+ 0.3
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SUS-13-006: Searches in Leptonic Final States

GMSB higgsino ZZ + E}"** Interpretation

low p
Ieptor:s/ == 1.7 % (higgsino)

quarks

z

—_G (gravitino)

Ve f{‘

20 jj

int

CMS Prellmlnary Vs= 8TeV L = 19 5 fb'
0

95% C.L. CLs Limits
— observed 212§ + 4 + 31
------- expected mediant 1o
observed 2/2j
= observed 4/ + 3/
oMot 1c
PRD 62 (2000) 077702
JHEP 05 (2010) 105
arXiv:1103.6083

TP T

95% CL upper limit on ¢ [pb]

F GMsB zz+ET=
[ tanp=2 O
L M=M,=1Tev

1 1 1 1 1 L
150 200 250 300 350 400
higgsino parameter p [GeV]

+ Results based on Z(22)V(jj) , 32+4£, and combination
— Combination of complementary channels — exclude p 110-330 GeV

* Probe p in interesting range for Higgs naturalness
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SUS-13-006: Searches in Leptonic Final States

OS dilepton channel
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g N Tww { o+ Strategy
= — Search for excess at high “Mqy, ™
S ET B M Mgy <My, for WW—202v processes
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SUS-13-006: Searches in Leptonic Final States

Chargino-Pairs and Slepton-Pairs

Use ee+p | and ep lepton pairs

CMs Preliminary

L, =195M" is=8TeV

500 T T
PP=Y X,

% - T, v

Observed £10,,,,,

21 Expected10,

T 13, Vo)
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Use ee+}| lepton pairs only
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REvvEE|
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SUS-13-017: Searches with Higgs Bosons
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SUS-13-017: Searches with Higgs Bosons

WH + E'* signature

WZ+E s WH+Emiss

(/—Zfﬂ ‘:-II/H

” )

R G ¢ x @ e @

7 ﬁt“:\;_\__ 0 7 li _____ @
W ﬁv\v\

« New / unexplored final state: WH+E™Mss
- Novel effort: “Higgs-tagging” in SUSY searches

= -
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SUS-13-017: Searches with Higgs Bosons

— W H + EJ¥s* Signatures
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SUS-13-017: Searches with Higgs Bosons

xix? — WH + EFss Signatures
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SUS-13-017: Searches with Higgs Bosons

xix? — WH + EFss Signatures

events in 20 fb
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SUS-13-017: Searches with Higgs Bosons

xix? — WH + EFss Signatures

—_

LA B AL

%) x BF [pb]

o(pp— 1
5 3

—
o
&

10

events in 20 fb
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— W(iv)H(bb)
— W(v)H(WW)
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— W(v)H(Z2) ;
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>
Go
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E 41000
-1 o * 12 exclusive:
3 —2_10 « SS 20 pomblne to
F 8TeVNLO ] improve
e P A A S| e =30 sensitivity
150 200 250 300 350 400
m.=m., (GeV] reinterpretation of SUS-13-002

1 2

inclusive multilepton SUSY search
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SUS-13-017: Searches with Higgs Bosons

X=X — W (lv)H (bb) + Ejiss

- Strategy

— Suppress SM backgrounds with
E;mss and related quantities

— Background from MC, corrections &
uncertainties from data

— Search for peak in Mj;—/——> *
2

Event selection

— Exactly 1 high p; e/p
— Exactly 2 jets, both b-tagged
— Moderate E;™ss

Events / 50 GeV

Results

— No evidence for a peak in My,
— Data agrees with bkg in signal region

signal bin
i

16""'\"”I":"l""l"”l_._M il
[ oMs Preliminary -m:p 1
14 Vs=8Tev [lat=195®"  gug 1it0p -
[ Er">125dev B vz o ]
12 v — ]
E [ wHiight jets 4
10F [ Rare A
r 7/ Total Uncertainty ]
s %z, > WEHT) (2001) o
F [ %7~ Wiz 2501) |

r [ 157, - Wi} 0oty ]

=]

50 100 150 200 250 300 350 400 450 500

M [GeV]
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SUS-13-017: Searches with Higgs Bosons

YO = W(w)H(WW) + Efiss with SS 2l

+ Event selection x .
. 550 H,ﬁfi~W=>ij ;Mﬁu
— Exactly 2 SS e/p leptons 2 “f{o
S 7

— 2or 3 jets, b-veto
— Moderate E™ss

+ Strategy
— Suppress SM backgrounds with

Y
R
=
=

N

[
(=
1

GMS Preliminary —4— Data
Vs =8TeV,[Ldt=19.5b" [ cenunesmss

Events /20 GeV

miss e 1 ) [ Fake Leptons
E;™ss and related quantities signal o croserins
_ D ta- riV nf k | ton 5 H 5§ Total Uncertainty ]
ata-driven fake lepton estimate, zeg!llon S e
o (130/1) x5

prompt SS 2¢ bkg from MC

— Search for bump in My~ My D

* Results
— No evidence for a bump in My;
— Good agreement in signal region
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SUS-13-017: Searches with Higgs Bosons

X! — W(lv)H(WW) + EF*$ with multileptons

reinterpretation of SUS-13-002: inclusive multileptons

3%, 0T, N0 OSSF pair,

+ Event selection :
0 b-jets, low Hy

- 23 |ept0nS, 51 Thad CMS Preliminary T5=8TeV, Lot =195 16"

— Classify events based on e

number/flavor of leptons,
#b-jetS, ETmissy HT

+ Strateqy

— Extract limits from signal regions
with exactly 3¢, 0 b-jets, low H;
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SUS-13-017: Searches with Higgs Bosons

Interpretation

CMS Preliminary \s=8TeV, [Lar=19.51"
]

%, > WE(HE), combined
= observed 95% CLs Limits
Theoretical uncertainty

------- expected 95% CLs Limits

B expectedtic

T T [ T T

of
Oty
<1

rexcluded

AR S T NS T SN T AN ST SN S NN SO S ST S NN Y
150 200 250 300 350
Mo =1GeV M. = M., (GeV)

* 12 best at large m,, SS 22 and =3¢ contribute at low m, (backup)
+ Combine 3 channels — probe up to m, ~ 200 GeV
» Large improvement in 14 TeV data expected
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SUS-13-017: Searches with Higgs Bosons

x5 tod + Z/H

Py ‘ %1_ ““““ Zlo

. 5(3 _____ 7!
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() 200} %27, 0] expetted b5% CLs Limits g
= : N = observed 95% CLs Limits B
oWy 10° Theory uncertainty (NLO) 1 8b
o s 4 4
éx 150 . EXpeCtEd I, v

8
B S

10°

95% C.L. upper limit on cross section (fb)

900 150 200 250 30 350 D 150 200 250 300 350 400
probe up to m=m. (GeV) probe up to =My (GeV

1 XZ
m, ~ 300 GeV m, ~ 200 GeV
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SUS-13-017: Searches with Higgs Bosons

Conclusions
CMS Preliminary Vs=8TeV,L =19.5fb"
S' 900:--.-“,”1“H[HH|....|..‘.,‘HH:
©  gook —ppai“i (vialv) —— Observed limits =
(_D‘ F —pp—>,{ Ty (vlal/\) 3
X vttt ;
E ——pP 3,14, T |
600 —ppe%f%je(zz?)(wz‘f) E
500E —— PP %%~ HIIWE) 3
E suUs-13-006 . E
400? SUS-13-017 -3
300F =
200F =
1002 =
72 B T W RN SR SR
100 200 300 400 500 600 700 800
m7-05m>‘ +05ml:, T rn)zc [GeV]
1 2

SUS-13-006: decays to Higgs SUS-13-017: leptonic final states
* probeuptom,~200GeV - probe gauginos up to m, ~ 300-740 GeV
* probe sleptons up to m, ~ 280 GeV
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Additional Material

CMS SUSY Results

PMLC2013

Summary of CMS SUSY Results* in SMS framework

St
Goagls 1)
agwgfﬁfﬁ"»
G qa > WE )
Fo1T>17)

T @ o 1)
9 aa-27)
o aqT- W)
a»wgevﬁﬁw;&’»
Fo a1
b - 7 > W)

glino production

squark

sop
T
v
H
jach

5ol
Fow
ek

sbottom

o’y
CMS Preliminary

For decays with intermediate mass,

EWK gauginos

Motamodiato = XMy g, (1X0 My,
PR T T e T T L L
H 300 500 300 7000 7200

. 0 200
“Observed limits, theory uncertainties net included

Onlya selection of available mass limits e|ectroweak SU SY

140
Mass scales [GeV]

Probe ‘up to* the quoted mass limit
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Additional Material

3l Results

32, no OSSF pair same-sign 22 + T4 opposite-sign ey + Ty 4
CMS Preliminary (5=8TeV, L, =19.5fb" CMS Preliminary Vs =8TeV, L, =195fb" CMS Preliminary {5=8TeV, L, =19.5b"
M, <100 GeV M,,>100 GeV M, <100 GeV M, 100 GeV M, <100 GeV M, >100 GeV
> 4 > >
KK K 3. 58 N & AN
82 dge EEE NN B R 2 4 S
23 A\ ERER NN EN T 5 A\ Channels:
N S i Ly N L e,
1| 0‘ ) S S : N
[t ST G Gt s e+ Da
- B 1G] - B2~ (GeV] B 1GeV] - o3 rG=V1> 516V [ Higgs
A g3 x g5 G\ =
g2 ERd 2 R gy
Lz AN N E vz E
L 71 5 s WEIE [ NZ
50 Y 5 i g 2 \ 4 « [ Non-prompt
s ! b s b = Y ’ [ Rare SM
g G omaw LTy S el g e I el T e
B IGev BTGV 1G] Y 1Gev) B GV 1G] g ot bk
= . A\ int
L B EZ N Zz N § L B uncertainty
&2 SN 8 2 = 4 8 Zasif
R e S 34 RS i
V. 5 i T8y % g ., 3150
LT o = ! N 7 RS Y
[ o el s [ el 2 e e [ el o e
By [Gev] By (Gev] B [GeV] B [GeV] B 1G] TGV
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Additional Material

xFx? — 37 Interpretation

[1] Carena, Gori, Shah, Wagner, Wang

arXiv:1205.5842 [hep-ph] CMS Preliminary L, =195Mm7 {s=8Tev
S 7 T T . T ; = 10* 5
X %Y (wino) o B0 ppoxT, 95% C.L. CLs NLO Exclusions | 4 “if
[C] E _ 1 5
T, Vq l, light stau . 300F - = Observed 3/ t10,,, 3 =
~ = - (o]
— i é | . em B cted 37 £1 N »
Tr Increases as0f- Lo = = = Expected 3/ 10 gy E - 10°
T BF(H=vy) [1] F 3 3 ¢
——— %/ (bino) 2001 = 5
T 2 £ E
150 1 510% =
- T E 31 7 [}
P LN I I o = £
T S Xa sob 2 i
: ~ \ . ' = (6]
- X0 E Y ' 1210 >
Py ot e T< = £ 1 I NURSTDN | L el %
X1 T 900 950 200 250 300 350 400 450 500 ®

m;=05m. . +0.5m., me=ms (GeV)

v %, %, 4 2

» Assume light right-handed sleptons leading to 3t signature
— x+ couples to 25 through higgsino component: x* — 7v
— For high tan B, x° couples to 2 through higgsino component: x° — tt

* Results from 3¢ analysis probe m, up to ~340 GeV
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Y X" = 2 + 7 Interpretation

CMS Preliminary L =19.5f" {s=8TeV
—_—— 75 % (wino) = — : T . =10° &
i - =

> 600 PPOLT, 95% C.L. CLs NLO Exclusions | 3 =
2, v, ©] E o, — 1 5
~ = F X Z— Observed 3/ +1q,,, ’ 2
_ S 500 50 s ze % = v 3
R éx [ %, — ee it e 2

0 ZIZ Expected 31 £10, o 2
Q l , ok B -T1)=1 ==* e 10 8
X (bino) E =8 S
C 7(\\& 4 1 s
300 7 9 =
14 R W T
F Q% > o - o
B e <« ¢ e R I R
P 2 . <o E o J 1 g
. < F ' ] ]
L f X1 100 i == i
T - i B | — R
Py e < ! £ | I I I Lo 15 )
X1 T Q00 200 300 400 500 600 700 800 ®

m;=05m. . +0.5m., me=ms (GeV)
v X x, 1 2

+ Assume light right-handed sleptons leading to 22+t signhature
— X+ couples to 25 through higgsino component: x* — zv
— For low tan B, x° couples to 25 through bino component: x° — 22

* Results from 32 analysis probe m, up to ~640 GeV
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xFx" = 3l Interpretation

CMS Preliminary L =19.5f" {s=8TeV
—_— 7 3" (wino) = — T o . =10° 5
i - =
v l > 600 PPOLE, 95% C.L. CLs NLO Exclusions | 3 <
o F % ov v k=
P e ~ . = F X2 & ™ —— opserved 31 410, E 2
—_— 9 500 %0 e T Y 3
g el 133 Expected /10, e 1,. 0
2, v, F B —T7)=05 ==- {1 310° g
~ . 4 o
——— %! (bino) 40 E g E 5]
E 1 ] 5
/ ¢ : e %
F 0| @
o0 f E == Q
P X2 .. <« = 3J =
S0 E | ] >
a0 f X1 E s —| i
_ ~ i O
.30 C H s = °
Py ot e ’€< X [& | 1 I i | [ G %
X1 Y, Q00 200 300 400 500 600 700 800 ®
m;=05m,_.+05m, ms=m.o (GeV)
v i % %, TR

» Assume light left-handed sleptons/sneutrinos: 32 signature
— Both x* and x° couple equally to e, |, T
— 50% branching fraction penalty for > — vv — 3 vv

* Results from 3¢ analysis probe m, up to ~740 GeV
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X! = WZ + MET vs. Z(I)V (55)

d:Z’JJ)
I X3 ...€- 0

TTe-Xa
3¢, no Ty,,4, ON-Z, high M+
e -0
DL ot gemmm =T
‘ I P& t\\\ X1
S 100 150 200
B2 [GeV] w
Unrs preiminary L, =1950" {s=8Tev ovs Preminary L =1950" §=8Tev
s F T T r T T
3 F ppﬂ'iz"f 6% C.L. CLs NLO Exdusions % o x % 96% 6L GLs NLO Excusions
S F == Observed 8/ only )
= <. 2ol B-zE = Observed 21/ only 3
& ENV = Ex ed s
. B E +
£ 10° T‘sz? pected 212/ 10 ,ppimen 108

Z(M)V(u)

95% C.L. upper limit on cross section (fb)
95% C.L. upper limit on cross section (fb)

Qo0 150 500 20 00 350 400 it 150 200 250 00 350 400
m.=m_ (GeV) m_.=m_ (GeV)
A Lot

~20 deviation between 32 observed vs. expected
Good agreement in Z(22)V(jj) channel
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X=X — W(lv)H (bb) + MET

Preselection

exactly 12, 2 jets (both b-tagged),

E;Mss > 50 GeV

=
¢ ]
s o
> T T T T
Sa000F. cHspretminay o
0 [ \=8Tev,jLdt =195t
&
#2500
£
e
Tpooof-
F e
15001 [t i ooy 0

1000F

500F

50 100 150 200 250 300 350 400 450 500
Mg [GeV]

+ The M,, shape is well-reproduced in preselection region
» Good agreement in signal region outside the M,,, mass window

Signal region with M, mass
window requirement inverted

s 25 T
%) cms inary
E [ {s=8TeV,[Ldt=1950" H
© GR-M,,. all.other.cuts-applied
[a]

15

05

[0}

>50 >75 > 100 >125 >150 >175

ET"® Threshold [GeV]
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Additional Material

X=X — W(lv)H (bb) + MET

Preselection: exactly 12, 2 jets (both b-tagged), E{™ss > 50 GeV

i

]
-
]

f il
I [ =% Sha =

venig/25 GeV  DatalsM

2000]

T
0

Evenls /25 GV Data/SM

example
signal model
scaled by x10

S w10 20 20w %0

‘ETmiss [GEV]

i

Evenis/25Gev  DataSM

Bai et. al.
JHEP 1207 (2012) 110
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X=X — W(lv)H (bb) + MET

Sample EF's5 > 100 GeV | EF™ >125GeV | EPSS > 150 GeV | EF™s > 175 GeV
Dilepton top 28+12 23+1.0 1.7+£07 12+05
Single lepton top 18+11 0.9 +0.6 05+0.3 02+0.2
WZ — fvbb 0.6+02 04+02 03+0.1 03401
W +bb 1.5+09 1.0+0.7 09+£0.6 02£03
W-light jets 05402 03+0.1 0240.1 02+0.1
Rare 04+0.2 0.3+02 0.3+0.2 0.240.1
Total SM 7.7+1.9 54+13 3.8+1.0 23+06
Data 7 6 3 3
Xi)('g — (WxD) (HxY) (130/1) 9.0+12 75+ 1.0 6.0+08 45+0.6
Xﬁg — (Wg0)(Hz?) (150/1) 73+1.0 62+09 50+07 36+05
Xﬂ% — (Wgd)(H. "E) (200/1) 73+1.0 6.0 + 0.8 49407 36405
o - (Wx0)(HY) (300/1) 55407 52+07 46406 41406
A - (WD) (HRY) (400/1) 34404 33404 3.0+£04 2.7+£04

« Sliding E;™ss cut: >100, 125, 150, 175 GeV
« Good agreement in all regions
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Events /50 GeV

E,™s* > 100 GeV

Events /50 GeV

E,"ss > 150 GeV

Additional Material

X=X — W(lv)H (bb) + MET
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E,™ss > 125 GeV

E,Mss > 175 GeV
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Interpretation

100
10* E — 1L expected E
10°k ——

10?

CMS Preliminary ~ \s=8TeV, [Ldf =105 fb"

%, %, = WR(HY)

=== combined observed
----- combined expected
—— Theoretical o,

N - - - 8S 2L expected
. R . o 23L expected

E_excluded

N IR IR RN BRI B
150 200 250 300 350 400

M~o = 1 GeV Mt = ,VLo (GeV)
% % %,

« Probe up to ~200 GeV

» Large sensitivity
improvement in 14
TeV data expected
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Neutralino decay to Z vs. H

(a) (Ny = hlNy) 5oo(b) (N3 — hNy)

0.05

. wnsoto ] |
- %//// A,

M, [GeV] M;[GeV]

Gori, Schwaller, Wagner
arXiv:1103.4138
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EWK SUSY mass spectrum

mass

higgsino (ﬁ)
~0 ~+ ~0
X3 X2 Xa

wino (\TV)

S+ ~0
15X

bino (B)

Xi

G gravitino
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MSSM Higgs Bosons!

mass spectrum in the

° “decoupling limit”

@

€

Mp>> M, =+ —— HO A% H*, H-
physical Higgs bosons in MSSM:
h, H°, A° H* H
<135 GeV — RO
AN

can be “SM-like”

* [1] Ch. 8 of Martin’s SUSY primer http://arxiv.org/abs/hepph/9709356 and
references therein
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GMSB higgsino ZZ + E}"** Model

Matchev, Thomas, Phys. Rev. D 62 (2000) 077702 hep-ph/9908482
Meade, Reece, Shih, JHEP 05 (2010) 105 1o

’ ]7 (;> lanﬂ:‘ﬂ -~ \(z 2
Ruderman, Shih arXiv:1103.6083 :

W* or Z* 7= %2, %0 (higgsino
mass  O(1 GeV)E X1 Xo» X (higg )

L L
-10  -05 0.0 05
~ .. tan™!(u/M,)
G (gr aVltan) Figure 1: Branching ratios of the lightest neutralino Br(¥0 — G +,h,Z)

as a function of the neutralino mixing angle tan~!(/M,), for a fixed mass
My = 160 GeV and my = 105 GeV for (a) tan 8 = 3 and (b) tan 3 = 40

chargino-neutralino

chargino-chargino
z* * Z
>/ ----- c N/ N
XN

neutralino-neutralino
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The Mo, Variable

@ Konstantin Matchev and Myeonghun Park: L. Schutska
© Phys. Rev. Lett. 107, 061801 (2011) (hep-ph:0910.1584) EPS2013

| U0y | |V (m,puir)

@ for P»VC, where V - a visible
particle:
Mz =m?(V1) + m?(V2)

+2[Br(V1)Er(Va) + pr(V1) - pr(Va)]

@ an endpoint:

2 2
max _ m-(P)—m*(C)
MCT - m(P)

@ if PP are not at rest, use E and pp
components normal to Ur:

U = —Egiss—pr (V1)—p1 (V2) 5, |

Pr = —pir —por — Ur
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