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Why electroweak SUSY?

*  Most of SUSY searches look for strong SUSY production

v Larger cross section
» No evidence of signal
» Set exclusions up to m(gluino) < 1.3 TeV

0-g production, g—tt ’;Z?
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Why electroweak SUSY?

* If there, squarks and gluinos must be heavy
» EWK SUSY models may be favoured

v' Direct production of charginos, neutralinos and sleptons
v Charginos and neutralinos decay to sleptons, or W/Z /h® bosons
v Low hadronic activity
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Electroweak SUSY searches @ CMS
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p CTH netitutefor
Electroweak SUSY with h°® boson

hW + ETmiss
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hh, hZ, ZZ + E,™ss

Higgsino = NLSP

Neutralino = LSP Gravitino = LSP
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Diverse final states are explored, depending on the h® decay:

r » h® — bb, WW, ZZ, yy, Tt 1

* Di-leptons + di-jet
e yy +di-jet

* vy + lepton(s)

* 4b’s

* Single lepton + 2 b’s
* Same-sign di-lepton
* Multi-lepton
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hZ to (bb) + (ll)

as discovery variable

* Higgs reconstruction ¢ UseET
» Two most b-like jets » Bins to maximize sensitivity

v’ with 100 < M, < 150 GeV

miss

» Agreement with SM prediction
* 7 boson reconstruction

» Exactly one e*e” or W'y pair CMS Preliminary L =19.5f" (s=8 TeV
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normalized to data w/ ET . < 50 GeV 1
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v" Flavour symmetric (tt, WW, tW, 1)
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hZ, hW to yy + 2 jets

* Select events with no isolated leptons
* No events with 2 b-jets & 95 <M, < 155 GeV
 Z/W boson reconstruction
» 70 <M.< 110 GeV
* Use E;™** as discovery variable
» Bins to maximize sensitivity

Estimate SM background from M,, sidebands
> E;™ template from M, sidebands
» Normalized by fit of M, sidebands

» Observation consistent with SM background
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CMS L 195fb‘ FSTev

* Include hh, with one h = WW, ZZ, or Tt 8 yy+p bom -
g Non-higgs SM bg
S : [ sM higgs ]
* Select events with <1 b-jet to avoid overlap T o i 13068V
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1
» =1 s R e vy rry I T
> NOp&&=>1e 8 E
v' 93% of events have only 1 e or 1 s cwe 0 )
M, [GeV]
. . H“‘(‘DI‘VI‘SH‘ L—195fb‘1 ‘ \F—8Te\‘/“
* Use M; as discovery variable 3 v se § ou
. 8 121
v" Transverse mass of leading lepton + E™ E -:;nhETSMbg,
'-% r Signal 7
8? - hW, m_=130 GeV'|
* Estimate SM background by fit of M, sidebands ol — 1m0 oV
YY __hz, m =130 GeV.
4 ////// 7
. o o o 2 / ///7/// 1
» HM-channel in agreement with SM prediction ]
» e-channel shows an excess of 2.10 g
v" Consistent with background fluctuation W e i i)

My [GeV]



P e
hh and hZ: GMSB intepretation

e GMSB scenario where neutralinos and o oS Prelminay L-195%" fs-8Tev
. o . 2 my; mg=1GeV Individual expected __
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* Single lepton final state * Same-sign di-lepton final state
> h(bb) W(lv) > h(WW) W(lv)
v’ Events with 1 lepton + 2 b-jets v’ Events with SS lepton pair, no b-jets &
v' Large E;™** (bins) exactly 2 or 3 jets
v" Background from MC v' Large E;™i*¢, M; and M,
O Scale factors from data v" Data-driven/MC background
v’ Use M, as discovery variable v’ Use M,;; as discovery variable
CMS \s=8TeV L=19.5f0" CMS Vs =8TeV L=19.5f0"
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* Single lepton final state * Same-sign di-lepton final state
> h(bb) W(lv) > h(WW) W(lv)
v’ Events with 1 lepton + 2 b-jets v’ Events with SS lepton pair, no b-jets &
v' Large E,™¢ (bins) exactly 2 or 3 jets
v" Background from MC v' Large E;™*5, M; and M,,
o Scale factors from data v' Data-driven/MC background
v’ Use M, as discovery variable v’ Use M, as discovery variable

* Multi-lepton final state
O Re-interpretation of arXiv:1404.5801
» h(WW, ZZ, tt) W(lv)
v’ Events with > 3 leptons
O Including e, L and T,
v' Data-driven/MC background
v" Bins in lepton and b-jet multiplicity, E;"** and H;



1) T tiute for
Xli XZO production to hW
~ CMSPAS SUS-13-006, arXiv:1405.7570

» Exclusion limits on production cross-section
v" Combination of all the channels
o Single lepton final state
O Same-sign di-lepton
o Multi-lepton final state
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Xli XZO production to hW

» Exclusion limits on production cross-section

v" Combination of all the channels
o Single lepton final state
O Same-sign di-lepton

O Multi-lepton final state
v Addition of h(yy) final states from CMS PAS SUS-14-002

CMS Preliminary \s =8TeV L=195fb"

CMS Preliminary Vs =8 TeV L=19.51b"
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Summary

’)ZZXT production

New

. . = 900
* Wide spectrum of analyses searching > :IIHlHHlHHlHHlHHN
) o f iminary " % %, = (H L)W 7)™
for electroweak SUSY production = goof- CMS Preliminary S N G-
P ) —\/* TeV Xp Xy = @A )W %) o
. < - \s = 8 e 2 M 1 o
v Only a selection presented today! £ o[ ICHEP 2014 — %% (L.Br01)=05)
@ = — E & (1., BF(I'T)=1) E
. . . - - —_ %, % (W) ]
* Many new searches with Higgs tagging 600 — SUS-13-006 19.5 fb” iﬁ (Lot
. - A -1 Sl RITTE T ]
v' Complementary to previous results f o SUSA14-002 19517 o E
500 R .
[~ Observed &4;," gc(o"’,/' ot 7]
- ST S ]
. . 400 [ =~ - Expected x»" ((\’Jrv'/x,;/'&(":« .
* Neutralino & chargino mass probed up - ' T .
to 700 GeV 300 =
. 200~ -
* No evidence for SUSY, yet -
100F2 7 5
> LOOking forwqrd 1‘0 20] 5! | . |"i""|'..|-|:| ! : 1o | 1 11 | | LY [ | Iy | | | [ I:
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hh to 4 b’s

* Exploit largest branching ratio for Higgs boson decay
v BR(h = bb) = 56%

CMS Preliminary L=193fb" {s=8TeV
T e —

Select events with

> F i
8 12_— Data ]
v’ Exactly 4 or 5 jets = o Ezon.a E
%) r ]
v’ > 2 b-jets (tight ID) s & |l | my; =250 GeV)
w 6: — m,o = 400 GeV |
* Double Higgs reconstruction 4
v" b-pairs with minimum AM, 2 :
v |AMbb| < 20 GeV 0750 40 60 80 100 120 140 160 180 200
(m ) (GeV)
v 100 < (M,,> < 140 GeV 5
CMS Preliminary  L=19.3 b Vs =8 TeV
. o H o ofe Swvier bin - Sver range 5 [ ® Data
d BlnS |n ETmISS SlgnlfICGnce, SMET ¥ 910:_4bsample —zalkgroundestimate—:
1 30 — 50 A Signal, m, = 250 GeV
2 50 — 100 |_q>|j 8; — Signal, mi; =400 GeVé
* Data-driven background s o _ :
> _ =
2—% ................... E
> Agreement with SM I: :

Syerbin 1 Syerbin2 Sy bin3 Sy bin4
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Three-lepton search /"« <«
CMSPASSUS13.006, o 4057570

* Select events with exactly 3 leptons

v" Including e, L and (< 1) T, » Observation consistent with SM
prediction in the full phase-space

NO events with b-jets L
CMS Vs=8TeV,L=195fb
v Reiec'r tH chkg I‘OUhd M, < 75 GeV 75 <My, < 105 GeV M, > 105 GeV

Channels:
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| . Zy”
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* Large E;miss (> 50 GeV)

M, > 160 GeV

100 100

150 20
EM [GeV]

* Bins (3D) in E;™*5, M;, M,

W

Events / 50 GeV
n

Events / 50 GeV
Events / 50 GeV

* Exploit multiple final states
o 3 e/l with(out) OSSF pair
oSS pair + T,

o OSeu+r,

120 < M; < 160 GeV

100 150 20
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(.

150 20
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a
o
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] - - - (150,100) GeV
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* Background data-driven estimation
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Same-sign di-lepton /<<
CMS PAS SUS-13-006, arXiv:1405.7570

* Three-lepton final states not sensitive to cases with one lost lepton
» Not sensitive to small mass splitting, because of soft leptons
» Recover events with same-sign di-lepton search

. = =19.5 o' CMS = , =19.51b"
Select events with exactly 1 SS %209“"?, s=BTeV, L =1950T CMS  We=8TeV. L -195M7
2 ¢ Data 7 o + Data ]
o (O ] == 1
|ep’ron pair (ee, eM, |.l|.l) o8- =ggz;z;°$izt|§ptons 1 L3 = gﬁzrg;onn:gtl loptons
L= [ Rare SM 4 2 ¢ [ Rare SM
= . Wz = . Wz
. . oy o <|>')1 4 [ ] Total bkg. uncertainty 25¢ [ Total bkg. uncertainty B
NO events with OSSF pair within i bV : FE=--- "
105 m, =300 GeV; m, = 100 GeV ] 20_ ]
15 GeV from Z boson mass i3 — = B V=05 0
B my: = 300 GeV; mi? =100 GeV 1 7 I
6 * 7 15 ol
. 4 - B ]
Large E;™s (> 120 GeV) B E ERT: |
50 — [
. . . . €15 E |
Bins in E;™** (plus hadronic veto) &, |
0.2 o Lo b L ET*®>200 GeV ET*°>120GeV ET* >200GeV ET*>120 GeV I
150 200 250Emiss G \3;;)0 EP= < 200 Ge\l 3° lepton Veto ET™ <200 GeV |
. e N = Neis =0
MC/data-driven background i ) Fomves |

Agreemeni W“'h SM predicﬁon For combination with three-lepton search
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X,~ X, production
CMS PAS SUS-13-006, crkiv:1 4057570

* Results are interpreted in diverse scenarios ¢ m=xm_+(1x)m,
* And with different mass splitting x i"(/;} —_—7Z
P l /’ﬁ I 'Z
. . / X \Ke x(0-1)
» Only a selection is presented today! ’ _ 7

CMS Vs =8 TeV L=19.51fb" CMS Vs=8TeV L=19.5fb"
1 1 1 1
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. o Ccms (s =8TeV L=19.51"
* Select events with a Z candidate % PO T
O N 7% > 80 GeV Z+Jets
v Exactly 2 leptons, with Z — || & 2000 " I
8 [ wzszz
E 150 I Rare sm n
L

* And > 2 jets, consistent with a W /Z
v 70 <M, < 110 GeV

i
. . 50
v Reject Z+jets background :
2
° No events With b-iets Eo A + \\a\\*\‘\\\\\!\\\\5\\\\\\\,\;
. 40 60 80 100 120 140 160 180 200
v Reject # background Dilepton mass [GeV]
i CMS  {s=8TeV  L=195fb"
: 3 E L e+ omn ]
o Lqrge ETr\’\'ss (> 80 GeV) g 10* B1<M<101GeV a7 icrs é
: ] Flavor symmetric b
9 10° ] wzezz E
. . miss M M £ 102 -Rmsmo) o ]
e RinheiminkEMSs sy ™w»w n1EE ey % Ze— (W Z7) (300,0) 5
BII’IS II"I ET ’ T, " u ,----G‘Mzsszz»:s,"‘":(szo) ]
10

* Background data-driven estimation

Ratio

> Observation is consistent with SM
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1) T tiute for
Xli XZO production to ZW

* From the combination of Z + di-jet and three-leptons searches

CMS Vs =8 TeV L=195fb"

— 240 p=r=— e e et
, % - p— I')ZO 7 95% CL CLs NLO Exclusions E
220 | == Observed 22 ® 3/ =10, —]
\JZ o d:fi - R O, = 21 == =: Expected 2/2j ® 3! :10;::::?:%”;
e _ 200 — 70 .7 3{0 2w Expected 212/ @ 8/ -20, oo
S g wmp Cbeemed s oy ]
Py - ot ~ - j 3 3
W 160 |- 1_>WX1 ------ Moo =My =Mz - 10

95% CL upper limit on cross section (fb)

Three-leptons
dominated

Z + di-jet
dominated
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OS di-lepton /-

X1
0
o X1
P, ~F el
/ Xt .\\V

Select events with exactly 2 OS
lepton pair (ee, el, HK)

NO events with OSSF pair within
15 GeV from Z boson mass

NO events with b-jets
v Reject # background

Large E;™s (> 60 GeV)

Use M., , as discovery variable
v Binned max likelihood fit
(bakcground only hypothesis)

Data-driven background

» Agreement with SM prediction

CcMS Vs =8TeV L=195f""

T T T
eteT/utut { Data EEE Rare SM
3 Top =l 7y
/3 ww =3 Non-prompt

[ 4 ---- mg: =500 GeV
C32Z .. mg =300GeV
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"% 1.0 == ;_L T
Tt
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0.0 1 1 1
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ety § Data EEE Rare SM

=3 Top |l 7y

3 Ww 3 Non-prompt
-l Wz === mg: =500 GeV 7
—zz oo Mg =300 GeV
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£ 10 B 2

1 1
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Chargino/slepton pair production
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1) teor
miss ¢ £ _
E.™** significance — S, ¢,
S24 |

° X2 of observed E.;™* wrt. null hypothesis (i.e., E;"*= 0)
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Bin 0 Bin 1 Bin 2 Bin 3 Bin 4

ET s (GeV) 0-106 106-133 133-190 190-250 250-
MET 0-30 30-50 50-100 100-150 150-

* Bibliography: arXiv:1106.5048
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Phys. Lett. B 129 (1983) 273-282

* Projection of the mass M on the - A
transverse plan T AT
> 43 Events
3
MT_(ET,1+ET,2) (pT,1+pT,2) §°T
0
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= End-point at parent mass Discovery of W boson at UAT (1983)
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* Generalization of transverse mass M; to case of two decay chains with an
unobserved particle each

_ : (1) pnp2)
IVITZ(mc) - nﬂw Amiss[maX(MT 'MT )]

pr+Py =Py
v" If all masses are known, M., will have an endpoint at the parent mass

* Division of events into two massless pseudo-jets

* Bibliography: arXiv:hep-ph/9906349, arxiv:ihep-ph/0907.2713
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* New variable derived from the transverse mass M;

» Parity transformation: p, — P(p.) = M. = (E$,1+E$,z) - 511 —51'2)

* Division of events info three systems U:Ur | [Vi:(m,pir)

» U; — All upstream objects

» V. (i = 1,2) — Composite visible particles

* Projection of M; on the direction of U; Va : (ma, Por)
> Mqy

» M, is insensitive of the upstream momentum

» And has end-point at the parent mass

* Bibliography: arXiv:0910.1584




