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Introduction

Electroweak production

@ strong SUSY production has large x-sections and spectacular signatures:

@ gluinos probed up to 1.4 TeV, squarks up to 800 GeV

I Introduction @ high luminosity gives access to rarer SUSY processes: with 19.5/fb possible reach in
@ chargino/neutralino up to 800 GeV
@ sleptons up to 400 GeV
@ need to look as broadly as possible:
@ various number of leptons in the final state:
@ specifically target signatures with Higgs boson:
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Introduction

Overview of the searches in CMS-PAS-SUS-13-006

} 3¢ and Z+dijet
” o \'\\ @ /H R RZ'\"" G

o Broad array of searches targeting variety of final states

@ Analyses are exclusive = combined to improve sensitivity

opposite-sign 2/
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X1 X2 — sleptons

% Standard Model Backgrounds:
. OSSF: (00 (¢ = e/p) oft-Z

((v) (41} (irreducible, dominant):
_ v (0)
] Y
x T D(f) RS T CMS Preliminary  (s=8TeV,L =195fb"
V R Fr T
with 3 © () ol Lt e :e‘iue E
\ t(v) Mee Foe .Hm ]
150 E
Selection: oo X ]
@ 3leptons (upto 1 ) 17,_ . 7
@ b-jet veto 03640 6080 100120 "140- 160 180 500
© My > 12GeV i
° E%liss > 50 GeV @ corrected MC: calibrate using Z+jets data
Search strategy: Q (ZZ/ttV/VVV and Higgs!): MC
simulations and NLO x-sections
@ break into categories by _ .
N (OSSF) and NV (1) () (tt, DY +jets):
data-driven techniques
@ form search regions (SR) in
My, Mt, and EMss (7] conversion: data-driven (from £ £~ ~)

Frank Golf and L Sh S the Near Ene ntier November 11, 2013 41726



with 3¢
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with 3¢

“Flavor-democratic”

Q Ir heavy and decoupled from

50% penalty due to )'Zg — v
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search with 3 light OSSF / off-Z
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with 3¢

(?‘) heavy and decoupled from IR
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search with 2 SS light £ and a 7,
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me= O.Srﬂ;\ + O.Sm;n 9 ‘
Sensitivity is reduced significantly:

@ acceptance suffers from 7 BR:
27 — e, and 7 — hadrons
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X1 X2 — sleptons

Search strategy:

/;//
@ “Compressed spectra” @ aim to recover sensitivity in compressed spectra

@ 3" Jepton (e/pu/7) veto = exclusive wrt 3¢ search
one £ is lost, 2 - reconstructed

@ searchin
v EMS € [120,200] GeV, Nigs < 3, Nojes = 0
R D e @ and Ef"™ > 200 GeV
%0 vt
with 520 7 T N < SM backgrounds: similar to 3¢
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Selection: Z(ee/pp), two jets with Mj; € [70, 100] GeV, b-veto, 3*¢ lepton (e/p/T) veto
3¢ on-Z and Z+dijets

7
\ ] ;’rr @ Search strategy

2 b y\ g @ bins in ETmiSS: 80-100-120-150-200. . . GeV
W

sleptons are heavy and decoupled

Interpretation with Z+dijets

SM backgrounds CMS Preliminary L =195f% s=8TeV
with Z-+dijets - 5 @ ; r T T T - T T e =
© Zijets from ~+ets in data e PP~ EZ% 95% C.L. CLs NLO Exclusions | 7 =
Jeis S o L J— . i <]
. . 200 ;P . z;) —— Observed 212j only _ =
Q@ flavor-symmetric from ey in data B3 F 2 B I ] 8
) IS C 3wy SolExpected 202 #1000 | | 5 O
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150 = = . 5
L 1 7 c
C 1 ] S
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L B 1 | @
s B . g
9] i _ =
S ' 1 —10% -
> A 4 710 o
@ Y | 1 1 X
H | I A L )
200 250 300 350 400 °

m?:m;p (GeV)

indistinguishable from SM WZ
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X1 Xy —WZ

Z(£2) + dijets combined with 3¢
Interpretation with 3/

CMS Preliminary L, =195f" {s=8Tev
< Py T T T T I =
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F 7wy’ =, Bxpected 81 20ppumen 1 4408 @ ..
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C - 7 S
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r 1 g
r — =3 . o, .
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XX —Z2Z

3-4¢ and Z(¢£) + dijets

4/ on-Z, 3¢ and Z+dijets
Py “ CMS Preliminary Vs=8TeV, L =19.5fb?
\ 9, "J{—é ey 10:";‘\H‘w‘r‘y‘w”‘w”w‘w””\:
S ) =3 : 95% C.L. CLs Limits
RO S <} . — observed 212} +4l + 3
/P’ K%‘\ ° s g = expected median+ 10
interpret in GMSB SUSY g E) N - observed 212j
= === observed 4l + 3|
. . 1S 1 oOt 10
Selection: 4¢ including Z(ee/fu ) = E
SM Backgrounds: as in 3¢ o r
L _— o
3 XX —ZZ o r
with 3-4£., Z+jj EN'™ (GeV) | Observed | Total Bkg 3 Fo RN NG e T,
1 OSSF, 0 7 O e
0-30 1 23 £ 06 - 10
30-50 3 12£03 S F omss zzsEms
50-100 2 1.5+ 04 & [ w2z | ONm
> 100 2 0.8 4+0.3 [ M=M=1Tev
1 0SSF, 17 e e
0-30 33 25 £ 12 150 200 250 300 350 400
30-50 11 11 £+ 3.1
50-100 9 9.3+ 1.9 p [GeV]
> 100 2 29406 The region ;1 < 330 GeV is excluded at 95% confidence level.
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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7

Non-resonant OS dileptons: SF

Same flavor

SM backgrounds fitted with

McT templates obtained for:

o

Flavor-Symmetric from opposite

flavor control sample
Non-FS diboson from MC
non-prompt from CS in data
Z/~* from corrected MC

Selection: 2¢ (e/p1) off-Z, b-veto, EM > 60 GeV
Strategy: employ shape of M ¢ variable:

@ has an endpoint for processes with WW— £vlv: ~ My
@ SUSY processes have flat distribution
@ construct Mo templates:

@ fitthedatain 10 < McT < 120 GeV
@ perform search in McT > 120 GeV

CMS Preliminary L‘m =195fh% (s=8Tev

10%

’9 T T T T T T T
~ ~ Il i
g 300 pp - &8, EL [ 95%C.L. CLs NLO Exclusions
=~ — Observed+ 10,
B _ -
g 0 Br(l, ~ 1 ;S) =1 222 Expectedlo, .o b
200 )

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

L L L
350 400 450
my (GeV)
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Opposite and same flavor | Selection: 2¢ (e/ 1) off-Z, b-veto, EX** > 60 GeV
5 / - /»u Strategy:

- S X

i R @ can have both same flavor and opposite flavor

v

@ do not rely on OF control sample => employ b-tag CS

@ use M, templates

SM backgrounds fitted with

McT 1 templates obtained for:

@ Top from b-tag CS in data
. CMS Prelimi L =195fb" {s=8TeV
@ non-prompt from CS in data retminary int s=gTev
’9 500 T 99 T T T T T - &l 10
@ Z/y * from corrected MC 8 [ PP - X X, 95% C.L. CLs NLO Exclusions 7|~ -
: = Foge Ty, b —— Observed +1o,,,,, 1 1
@ diboson and rare SM from MC Pyt 400 )_rt Ty, b theory q 1
= e = [ = - Expected £10, 1
sxExE oM Prlminary V5 =8V, Ly~ 195> E o, B vy oo Bxpectedt o 1]
with 0524 —

10

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

L L L L
Y00 200 300 400 500 600 700
mg (GeV)
%

my=mp= O.SmE, + O.SmQ, (I=en1)
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X*EXY

with Higgs tagging

WH+ENiss signature: CMS-PAS-SUS-13-017

probed for the first time with 20 fb~* @ 8 TeV

150 200 250 300 350 400

mx: = mxg [GeV]

Shchutska the Near Ener

@ brand new!

Novel effort: in SUSY searches
Z
Py / I3
ﬁ ...... X0 )?3 739
0 ...... <0
/ g / S
Py Py
W+ W+
8 TeV NLO ti . . .
AR T T e g Explored 3 signatures in exclusive
E — total E
ok — W()H(bB) | analyses:
R W(iv)H(WW)3 _
L — W(iv)H(t) @ 14 :H—>bb
— W(iv)H(Z2)

@ SS20: H— W(fv)W(jj)
@ brand new!

@ >3¢:H—> WW/rr/ZZ
@ SUS-13-002 reinterpretation
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http://cds.cern.ch/record/1596278

XTX]  1€+H(bb)

iiig - W (@u)H(}bB) + E’lll‘liss

Selection: Search strategy
. ing i miss . - _ -
o exactly 1 high-pr e/p @ bins in EF"*°: 100-125-150-175 GeV
@ exactly two jets @ search for a peak in M3
(b-tagged) s LB [rrrr
@ additional track veto 8 L cMs Preliminary ; :a['a i
L op ]
3 14 (s=8Tev.fLdt=105" g0 —
b [ Er*>125Gev [ ] ]
- - L Er WZ - lvbb i
\Pz y H//L b 2 123%43 B w5 .
oY oo0CEoas0u0s et GC) FO I w+ight jets 1
e A > 10~ [ Rare 4
/91 - V&:\‘\— v w C < 777 Total Uncertainty ]
¢ }5 CIRR -~ witd) @oon)
Fo R~ withid esor)
FO [ 1%k - wi)HK) @oor) ]
SM backgrounds re X, DHX) R
’ ro
@ suppressed with ET™** and =
related quantities %
gl @ top from MC with corrections ro
from data r =
@ W-+bb and WZ(bb) from MC Cerec e o e L L =
with corrections from data 50 400 450 500

@ W+light jets from data
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XEX]  SS2¢
XEXS — W (£v)H(WW) + Eiss with SS2¢

Search strategy

Selection: .
@ EP>40 GeV

© exactly 2SS e/u @ search for a peak in Mpy;j; < 120 GeV region -

@ two or three jets proxy for a H mass
o b-VetO > 20 Frr o ‘ TT 1T ‘ L L ‘ L ‘ L TT T 14
W(ew) & “F oms Preliminary —4— Data ]
o . [ . 1
YQ " ,Zn- W(ij) q 18- (s =8TeV, [Ldt=19.5fb" I cenuinesmss
o z L 1
B el % ‘2 1652z [ Fake Leptons |
°C0uo. 30 ]
/P] X “}\r ”xJ E 14i® Charge Flips E
. rey § Total Uncertainty
12;_: T~ (W RNHT
SM backgrounds 10£° (1301 x5 H
[V i
@ use kinematical variables to 8;8 4
suppress top background i_qé)
@ SM processes with SS leptons 6;; §
from MC with NLO a0 g
x-sections re
‘ ) o=
@ non-prompt leptons from CS in C
data % 600 _ 700
@ charge flips from CS in data M;; [GeV]
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XEtXT =3¢

Reinterpretation of SUS-13-002: inclusive multileptons
Selection:

@ > 3leptons, < 17hag
@ break into categories by N (OSSF) and NV (1)

@ form search regions (SR) in Ny.jets, Hr, and Emiss

Search strategy
ware @ extract limits from signal regions with exactly 3¢,
\32 . {,\ W 0 b-jets, low Ht
w0 -
o o0 TFeGacuoo pet CMS Preliminary S=8TeV, [Ldt =105
e R £ | g |3 1optons: 0SSFO. o taus, 10 bjets, Tow ]
/3 A V::‘\,\— Y G +Y E my=my=130Gev —+-Daa E
: L TR - Wi 3
¢ [ mp=1Gev Total Uncertainty
102 [T pata-driven E
Z [ E
SM backgrounds E wz ]
L N zz _
@ non-prompt leptons from CS in 10 E @ E
data £ 3
@ t from MC 1 — 7
@ diboson and ttV from MC
0-50 50-100 100-150 150-200 >200
ET's (GeV)

Frank fand Li Shchuts S the Near Energy Frontier November 11, 2013 17/26



CMS Preliminary (s=8TeV, JL dt=19.5fb™

L L L B L ) L B B Y L B AL N N A A

77— W)(HT)), combined
observed 95% CLs Limits

C Theoretical uncertainty
e expected 95% CLs Limits
e | expected+ic

Axxxxxxlllll

15 e E
o g .
05 | observed: m, = 204 Ge\-
H ‘ egxpecteql: m, = %36 GeVi
0750 200 250 300 350 400
Mo=1GeV M. = M., (GeV)
1 1 2

@ 1/ best at large M, , SS2¢ and > 3/ contribute at low M,
@ combine 3 channels = probe up to M, ~ 204 GeV

@ expect large improvement at 14 TeV

Frank Golf and Le: hchutska S at the Near Ene ontier November 11, 2013

18/26



Summary

Summary

with full 8 TeV dataset

(s=8TeV,L =1951b"

CMS Preliminary
900

SUS-13-006
SUS-13-017

100 200' 300 400 500 600 700 800

m; = 0.5m, +0.5m, mg = me [GeV]
1 X2
For more information:
7 Summary
Frank Golf and Lesya Shc SUSY at the Near Ene

@ Performed a wide range of searches for electroweak SUSY production

@ tailored a complementary set of analyses to target various scenarios:

3¢, 4¢, SS2¢, 0S2¢, Z+dijet, 14
no significant excess observed

interpreted results in various SMS

e 6 o6 o

probe SUSY masses up to 740 GeV in the
most optimistic scenario: with light
sleptons

@ reach up to 200-300 GeV in more
challenging cases: with WZ and WH

@ just started to probe electroweakly
produced SUSY'!

ontier November 11, 2013 19


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS13006
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS13017

Projections

Outlook for the future: arxiv:1307.7135
Estimate with 300 fb~ ! @14 TeV based on 20 fb~ ' @8 TeV

o (pb)

@ Scenario A (pessimistic):

@ all yields and uncertainties scaled by
lumi and x-section

@ Scenario B (optimistic):

@ relative background uncertainty is

500 1000 1500 2000
reduced

CMS Preliminary

Based on SUS-13-006

< 500 T . . . . — 300 CMS ‘Pvehmm‘avy : : : :

() - 1 > C 3 bl

E’(ﬁ o K-z <weee- 14 TeV, 300 fbl(scsnarm A) o, 250 L-lepton channel d B
©owi -= - 14Tev, 300 fb” (scenario B) £ F baseaonsusazony  mnn Tesomieen) |

200

Estimated 50 discovery reach

Estimated 50 discovery reach N
WZ4- 705 15

100

50

St L | L |
?00 150 200 250 300 350 400 450 500
me = Mg, [GeV]

1 2

0 L L L I

100 200 300 400 500 600

mg = m [Ge'
e = mp [

i

<~
S bbb bbb bon b by
5

8 Projections

Drastic enhancement in discovery potential with 300 fb~! @ 14 TeV: up to

Frank nd L Shchu SUSY at the Near Ener ntier November 11, 2013 2


http://arxiv.org/abs/1307.7135v2

Projections WZ+E¥“”

Reoptimized WZ+EMS analysis: CMS-PAS-FTR-13-014

n]l\g
@ higher pileup = worse Bt CMS Simulation  15=14 TeV
resolution s
8 L Expected 50 Discovery
PR miss e & - 2=
L £0 mOore aggressive 1n (MT7 E ) Br F e Eh(gse |,z % mgruxu L=300 fb*
£ Phase I, <PUS=0, L=3000 fb”

@ estimate reach in several PU and £

Phase Il Conf3, <PU>=140, L=3000 [

scenarios B(;g — 7Y
. —1 3 .
@ with 3000 fb™ " discovery potential as
high as
E
(GeV)| 15
900 0 200 300 400 500 600 700 800 900 1000
mk‘t:m;, (GeV)
12 CMS Simulation {5 = 14 TeV T
s 70p
700 8 E Expected 50 Discovery
14 = 600 B - zX)=50%
Efx“ A Phase I, <PU>=0, L=300 fb!
9 C Phase |, <PU>=0,  L=3000 fb™
I oK —— Phase Il Conf3, <PU>=: 1A0 1=3000 fb*
£ - ~0
1 B(X3 — ZKS
400 6
3 drop in discover
300, l 8 13
1
—200f — —{g--= 10
T120[-— = - 7
—=r2-41- A | | | | |
£ 100 200 300 400 500 600 700 800 900 1000
M=o (GeV)
1K
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http://cds.cern.ch/record/1607141

Conclusions and Extra material (links)

o performed a wide variety of searches for electroweak SUSY in
many final states, including decays to Higgs

@ probe charginos/neutralinos up to:

o ~ 200 — 300 GeV if no light sleptons
o ~ 350 — 740 GeV with various sleptons, under various assumptions

@ probe directly produced sleptons up to ~ 300 GeV

@ electroweak SUSY program will benefit greatly from larger data
samples in future runs: chance for discovery!

° (19.5/fb EWKino search)
° (19.5/fb EWKino with Higgs boson search)

Frank Golf and Lesy ska SU the Near Enq rontier November 11, 2013 22/26
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CMS Preliminary L, =195 {5=8Tev
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Frank Golf and Lesya Shchutska SUSY at the Near Energy

More on compressed 3¢ and SS2¢

CMS Preliminary
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12 More on
democ

Frank

More on democracy

IR heavy and decoupled from (

chargino couples universally to all sleptons

4,

(gL) heavy and decoupled from Ir
L

wino component of chargino couples to sleptons through L-R mixing =

proportional to lepton mass

higgsino component of chargino couples with yukawa coupling —>

proportional to lepton mass

(§L> heavy and decoupled from ZR
L

neutralino is a mixing of wino, higgsino, bino (democratic) = coupling to
taus depends on the bino fraction

S the Near Ener;

Frontier

November 11, 20
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@ Konstantin Matchev and Myeonghun Park:

@
2

— _

° ( )

| v:0r | [Vi:(mipir)

@ for P—VC, where V - a visible
particle: p(p) P C
M&p = m?*(V1) + m?(Va)

13 Moty +2[Br (V) Br(V2) + pr(V1) - pr(V2)] p(p)

Va i (ma, Par)
@ an endpoint:
2 2
max _ m-(P)—m7(C)
Mgp* = m(P)
@ if PP are not at rest, use ET and pr
components normal to UT

Ur = —EWss —fr (V1) —pr (Va2)

nd Le: hutska N the Near Energy tier November 11 3 2


http://prl.aps.org/abstract/PRL/v107/i6/e061801
http://arxiv.org/abs/0910.1584v2
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