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@ Motivation
© Latest Color Searches (CMS-SUS-13019, CMS-SUS-14001)

© Electroweak SUSY Searches
@ Searches with a h — v Decay - (CMS-SUS-14002)
@ Probing SUSY with VBF (CMS-SUS-14005)

@ DM Exotic Searches (CMS-EXOT-14004)

© Summary
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Motivation
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Colombia

e The aim of the talk is to show some of the latest results from CMS
related to Dark Matter (DM) searches.
o A special focus in SUSY electroweak higgs-tagging searches and

VBF SUSY searches is placed due their physics motivation and
connection to DM:

@ SM-Higgs boson discovery.
@ Coannihilation and its relation with cosmology (7).

e For more information on SUSY-color searches please see (Oliver's
talk)

e The latest results from searches in Exotic channels will also be
presented.
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Universidad de
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Classic SUSY Searches Colombia

e |nitial SUSY searches focused
on the color sector.

e These type of signatures have

final states with:
EP'ss + jets + leptons(photons)
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Latest Color Searches (CMS-SUS-13019, CMS-SUS-14001)
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Latest Color Searches (CMS-SUS-13019, CMS-SUS-14001)
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test Color Searches (CMS-SU

301

CMS-5US-14001)
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Latest Color Searches (CMS-SUS-13019, CMS-SUS-14001)
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(CMS-SUS-14001 - JHEP, in press)
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Latest Color Searches (CMS-SUS-13019, CMS-SUS-14001)
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(CMS-SUS-14001 - JHEP, in press)
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Latest Color Searches (CMS-SUS-13019, CMS-SUS-14001)
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It is important to directly probe the electroweak SUSY sector
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Electroweak SUSY Searches
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e Searches in the color sector have not yield LPCCSUSY o WG
positive signs of SUSY until now.

e SUSY searches in the electroweak (EWK)
sector opens a different avenue to find new
physics:

#events in 20 fb”! 8TeV LHC data

NLO(-NLL) o(pp— SUSY) [pb]

v Smaller predicted cross sections but lower .
. .. 0200 300 400 500 600 700 800 900 1000
levels of hadronic activity SUSY sprticle mass [GeV]
v" Complements the color searches
e The discovery of the Higgs opens up new SUSY searches:

v Lightest neutral CP—even Higgs (h) expected to be SM-like, if others
are heavy.

v X and {9 decay to h+LSP (RPC models) or Vi z) + %3 (9 LSP)

v" Would provide evidence for SUSY solution to hierarchy problem.
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Electroweak SUSY Searches
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e Several new searches using Higgs Tagging (covered here)

v h— = several bh, hZ and hW channels cgve_red!
v h— bb= (h— bb)(Z — ée/uée/u), hh — bbbb

h
X X3 el -0 x
3 R — y
S S

we

e Previously released results (not covered here)

v' Final states with > 3 leptons, LS (OS) dileptons
v SUSY interpretations EWK i & LSP (G||%9) production with decays
through leptons and EWK slepton production.
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

. Universidad de
Searches with a h — v Decay los Andes
(CMS-SUS-14002 - PRD) Colombia
CMS Unpublished L=19.5f" (s=8TeV
e Search channels: 570"0‘ ',:’J”-., [ g ] |
v' v+ bb : targets hh, Loooo ; B A
V' oy +Jjj ¢ targets hZ & hW, %000 ; K N1 E
4000F - N3 = E
V' ¥y + Lejuley, targets hh, hZ & hW ook 1Y \ 1
e Common ~y selection 2000, N ]
v 2 9's with || < 1.4 (barrel) R \m_
\/ E’Y > 40 GeV & 25 GeV %0 80 100 120 140 160 180

 Common background (BG) estimation:

m,, [GeV]

@ Fit m,, distribution in sidebands, excluding tag region, with power law.

@ Integrate power-law function in Higgs tag region
(my,(120 — 130 GeV)) to normalize continuum BG (SM-non h).

© BG shape in discriminating variable (e.g. E7) taken from average of

upper and lower m,., sidebands.

© BG from SM-Higgs added to sideband-based continuum BG estimate.
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Electroweak SUSY Searches

cms?g

e Event selection criteria:
@ Veto isolated e or i

(h— ~v)(h — bb)

(CMS-SUS-14002 - PRD)

@ = 2 b-tagged jets, p’T > 30 GeV

@ AR(7,j) > 05

Q@ m,;(95 — 155) GeV.

o Discriminating variable: Sf = pT
o S# distribution for signal extends to high values

@ BG S’ distribution obtained from m.,.,

sidebands, averaged and normalized from m.,,,

SF fit (SM-Higgs negligible).

© Observed events consistent with BG prediction
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

CMS

(h =) (W/Z — Jj)

(CMS-SUS-14002 - PRD)

vent selection criteria:

© Veto isolated e or i

@ Veto events w/ 2 b-tagged jets in
my5(95 — 155) GeV.

@ ph > 30 GeV, AR(v,j) > 0.5

Q@ mj;(70 — 110) GeV

e Discriminating variable: E’T”"ss

v' Signal spectrum harder for larger NLSP -LSP
mass difference.

v BG EMss distribution obtained from m.,,
(sidebands, averaged and normalized from m. SB fit).

v" Small SM-Higgs BG contribution.

v Observed events consistent with BG prediction
ET™ (GeV) SM background Data hZ events, Mo =130 GeV

0-20 282+ 15 305 0.76 £0.03
20-30 180 =10 195 0.71 £0.03
30-40 89.0 £4.7 105 0.72£0.03
40-60 70.8 £5.0 82 1.14 +0.04
60-100 122+1.9 7 0.87 +0.03
>100 0.85 + 0.61 0 0.37 £0.02
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

CMS

hh,hZ, h\W — ~vv + (£

=
(CMS-SUS-14002 - PRD)

; The hh search includes one h to WW, ZZ or 77

e Event selection criteria: B
@ <1 b-tagged jet to avoid overlap with h — bb.

Q >1ul|>1e

© pr(ellpn) > 15 GeV & AR(Le)j,,v) > 0.3
@ Reject e miss ID's as «y by vetoing me, near mz(86 — 96) GeV.
e Discriminating variable: (e, ep) = | Jaemi= . plead (0)(1 — cos(na(t, E7=))
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

hh,hZ, AW — vy + (2,

(CMS-SUS-14002 - PRD)

Universidad de
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Colombia

o Excess seen in vy + e channel (2.1 o), consistent with BG

fluctuations:

v Efss shape for 47y + e consistent with BG.
v" Several checks of m., show it is robust.

0-30 46+1.6
30-60 231+£099
60-90 1.59 £0.68

Muon sample Electron sample
Mr (GeV) SMbackground Data hWevents SM background Data hW events
2 1.2+01 44+17 4 0.80+0.06
3 1.5+0.1 32+12 9 1.0+0.1
0 21401 1.44 +£0.85 4 14101
1 1.6£0.1 0.96 +0.58 1 1.3+0.1

>90 0.35+0.30

Andrés Flérez (Uniandes - Colombia)

Texas A&M Symposium

May 20, 2015 18 / 59


http://arxiv.org/abs/1409.3168
http://arxiv.org/abs/1409.3168

STV ENE VAT Searches with a h — v~ Decay - (CMS-SUS-14002)

(h— bb)(Z = Le/ules,)

(CMS-SUS-14002 - PRD)

e Event selection criteria:

© h: =2 b-tagged jets with m,;(100 — 150) GeV

@ Z: =1 lepton pair (eTeT || u*uT)
© Veto 3" lepton (e, u or 75)

o Z+jets BG estimate:

v E™ template from v + jets control region.
v Normalized by data yield in EF** < 50 GeV.

o tt, WW, 77 & tW BG's (flavor symmetric):

v E™ss template normalized from e sample.
e Other SM BG's estimated from MC.
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Electroweak SUSY Searches

CMS;

(h — bb)(h — bb)

(CMS-SUS-14002 - PRD)

o Largest branching fraction (h — bb is 56%)

e Event selection criteria:

V" Lepton veto, 4 or 5 jets (> 2 b-tagged jets)

e hh reconstruction:

v Combination with smallest m,; difference
v Signal box: [Amz| < 20 GeV, < m,; >

in [100, 140] GeV.

v E™s significance (Suet): better fake E's
rejection than plain E7".

e BG estimate (ABCD method):
v Two sidebands: my & Np_tags.

v Measure mass SIG/BG in 2b, apply in 3b and 4b.
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

CMS /i ( h - - Universidad de
i — bb)(h — bb)
los Andes
(CMS-SUS-14002 - PRD) Colombia
CMS  L=193f" (s=8TeV CMS  L=193fs" (s=8TeV
£ 25F 3 £ ]
2 T 3p sample $ Daa 1 2 [ 4bsample ¢ Daa 1
g L ‘—— Background estimate gio —— Background estimate -
v 20 oo, Signal, m_ =250 Gev ] 2 o ST, =250 GeV |
~ [ X q > 4 1
2 r ___ Signal, m_ = 400 GeV ] 28 ___ Signal,m_, = 400 GeV]
5 15 4 ] ] 4 9
> r ] > 1
w r ] w6 b
10 4 ]
£ ] 4 B
9 ] pleca s B
Syerbinl S, bin2 S, bin3 S, bind Syerbinl S, bin2 S, bin3 S, bind

MET MET MET MET MET MET MET MET

Observed data consistent with BG prediction

Sverbin  Swerrange SMbackground Data  SMbackground  Data
(@b-SIG)  (3b-SIG)  (4b-SIG)  (4b-SIG)
14410 0.8+05
1 30-50 67114410 4 29560 4
2 50-100 11671940 15 4911 7
3 100-150  244710840% 1 05903 0% 3
4 0

~064-035
+082-+0.64 +039+026
> 150 150705 0 0 040752 010
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

CMS/1 W)]Universidadde
é Searches with > 3 Leptons and ZZ — jj/ los Andes

Colombia

New interpretation of previos results are presented.
7 —)_j:jfe/ufe/u:
v" Discrimination variable: E?—”“
v mjj(70 — 110) GeV = also used for WZ interpretation.

requires two well reconstructed Z decays.

Multi-lepton: > 3 charged leptons including up to 1 74

Events categorized by Njep, Nossr, Np—jet, E?"ss, and Hr = > pr(jets).

Table shows the most sensitive channels for hh search with my, = 150GeV.

Excess of 2.6 o

N, Selection my  EP [GeV] | N, | data | background | signal

[3 [OSSF1Hy <200 BelowZ (30,100 | 0 | 142 | 130£27 | 7416
3 |OSSFOHp <200 NA (50,000 | 0 | 35 | 38+15 |2680.60
3 |OSSFO Hr <200 NA (030) | 0| 3 | 51411 |305+064 v Multi-lepton: PRD 90, 032006 (2014),
4| OSSF1Hp <200 OfZ  (50,100) | 0 045 +0.17
4 | OSSF1Hp <200 OfZ  (50,100) | 1 rg__ 21405 | 0.69 +0.19 arXiv:1409.3168

3 |OSSFOHr <200 NA  (50,100) | 1 80+14

4 | OSSF1Hy <200 Of-Z ©050) |1 ﬁ? 75+ z.ni 0.85 4 0.20 V' zz o jjir EPIC 74 (2014) 3036
4 | OSSFO Hp <200 NA ©050) |1 TEDS | 0.30 +0.11 '
4| OSSF2Hp <200 OFZ  (50,100) | 0 | 2 [018+0.13]02340.12 arXiv:1405.7570

3 | OSSF1 Hy < 200 AboveZ  (50,100) | 0 | 50 | 460+ 9.7 | 110 0.4 B
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

CNS /i mUniversidad de
é hh: GMSB / Interpretation los Andes
e GMSB scenario where {9 & )"gli are Higgsinos and nearly mass
degenerate (mi? R omyg & mfcf)
e The K7 is the NLSP and the G is the LSP (nearly massless).
e This slide, Br({? — hG = 1)
CMS  L=195f" Vs=8Tev
[ L R L L L I I I
g miZ:mi::mi;; mé=1GEV Individual expected _
o v O V' hh — bbbb is the most sensitive
L Ll L] channel above 175 GeV
- .-‘"‘h'—‘--' .
. N *\_~ v" Multi-lepton and v channels
S=~ most sensitive at low h masses.
XY - hehG V' Excess above 150 GeV (3 o)
1 . . . .
0 ;g:ser‘ve:l consistent with statistical
ected 10, .
- e Y0, fluctuations = mostly due to
ik T oML s, multi-lepton.
ol i

sl ol b b b b
150 200 250 300 350 400 450 500
Higgsino mass m, (Gev)
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STV ENE VAT Searches with a h — v~ Decay - (CMS-SUS-14002)

100% hh

CMS L:19.5fb1 FaTev
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(S IVEET R V) PRI ECI  Searches with a h — ~~ Decay - (CMS-SUS-14002)

Third Generation EWK-SUSY Searches

e The experimental sensitivity in
final states containing third
generation particles is limited,
especially in compressed spectra

r Universidad de
fL los Andes

Colombia
12

Lian Tao and Marcela Carena
http://arxiv.org/pdf/1205.5842v1.pdf

scenarios.
cMs =8TeV L=195"
= cMS__Gn8Te : : =10 g
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Q. 250 — —
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

Universidad de
Probing SUSY with VBF mlosAndes

(CMS-SUS-14005) Colombia

\ /”/ \ L

Forward tagging jets— ‘

T T .

O ® o ¢ MET + jj + leptons

mn

o Eight final states: ppujj, ewjj, purajj, Tatrij (OS & LS).

e For the pujj, epjj, prrjj channels we use an inclusive single muon trigger,
while for the 7,7,jj channels we use a di-tau trigger.
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

Universidad de
Event Selection Criteria los Andes
(CMS-SUS-14005) Colombia

Summary of the event selection criteria for the different final states considered in
the analysis. Note the selections for the pujj and epjj channels are presented in
one column (€(e/,y/4jj) as they are very similar.

[ Cut [ Lle/ p) Ml [ HThij [ ThThif
Central Selections
Trigger HLT _IsoMu24 _eta2pl HLT _IsoMu24 _eta2pl HLT_DMIPFTau35_Prl1
pr(1)[GeV] > 30 > 30
pr(e)[Gev] > 15 only epjj
pr(Tn)GeV] > 20 > 45
[7(pure,7p)l <21 <21 <21
Np— tag Jets (CSVL) 0 0 0
E™iss [GeV] > 75 > 75 > 30
T
;lyTéjets))‘[GeV] > 30/50 > 50 > 30
n(jets <5 <5 <5
AR(£L 2 ) >0.3 >0.3 > 0.3
e, TR Te,pu, Ty = Y =Y. =2 U.
AR(jet, ee,uﬂ'h) >0.3 >0.3 >0.3
VBF Selections
A'nf(iietl"ng) > 4.2 > 4.2 > 4.2
LA <0 <0 <0
mj, jlGeV] > 250 > 250 > 250

e We perform a shape-based analysis, using the mj; distribution as a
discrimination variable.
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CMS;

Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

Universidad de
Background Estimation Strategy los Andes

(CMS-SUS-14005) Colombia

e We use a common BG estimation methodology across channels:

2]
o

o
o

We obtain SFs in high purity CRs to correct for any mismodeling in
simulation, after applying central selections (No VBF selections).
When possible, we measure the VBF efficiency from data.

The contribution of a given BG in the SR, estimated with the method
described above, is performed using the following formula:

Data _ pyMC CR1 CR2
N N (Central) : SFcentral 6VBF(nﬂ'.l_/)

A closure test is performed in MC. The difference between the nominal
and predicted yields in the closure test, is taken as a systematic error.
When possible we also perform closure tests with data.

We check that the signal contamination in the CRs is negligible.

e If the BGs are small, when possible we first show that the VBF shapes
are well modelled in simulation and then simply correct the MC
prediction with a SF:

NData _ NMC(SR) . SFCRI

central
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

CMS /1 - ) ) Universidad de
é; tt Background Estimation For OS/LS pu los Andes

(CMS-SUS-14005) Colombia

e tt is the largest BG source for both uu channels (OS & LS)
e The estimation of this BG is done in a semi-data-driven way.
e Three CRs are used:

© CR1: SFCR1 | for central selections for OS events.

centra

Q CR2: SFCCR? for central selections for LS events.

entral

© CR3: measure VBF efficiency and dijet mass shape from data.

Top Pair imation & Validation/Closure Strategy
* 1
470, N(b) 1oNe)
i
i
i
1 1
05 ! os
Isolation | SIGNAL Isolation
w/iso wloiso 1 w/iso w/oiso
| - P S S
) N
i
i
:
s | 1 1
! LS
Isolation 1 SIGNAL Isolation
h
w/ iso wioiso ! w/iso w/o iso .
‘ m(j. §)
0 250
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

. L. . Universidad de
Combined mj; Distribution los Andes
(CMS-SUS-14005) Colombia
106 CMSPreliminary __19.7fb* (8 TeV)
% —¢— data
O 105L I oveets
3 [ wejets
N 10%: B oco HEL S T, TTy
FPEENE R
S 107 mmmmmm others
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

Universidad de
Final yields: OS Channels los Andes
(CMS-SUS-14005) Colombia

Number of observed events in data and estimated background rates for the OS
search channels. The uncertainties are based on the number of observed events in
the CRs as well as the statistics in simulation.

Process uEpTjj et utjj pET Th Th i
DY +jets | 43+1.7 | 3.7435 [19.94+29 | 123+ 4.4
W + jets <001 | 42433% [173+£3.0| 20+£1.7
vV 28405 |3.1+£0.7| 29405 | 0.54+0.2
tt 2404+ 1.7 | 19.0+33 | 11.7£2.8 -
QCD - - - 6.3+1.8
Higgs 1.0+0.1 | 11405 - 1.1+0.1
VBF Z - - - 0.740.2
Total 322424 | 31.144% | 51.8+5.1 | 22.9+5.1
Observed 31 22 41 31
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

Final yields: LS Channels

(CMS-SUS-14005)

Universidad de

los Andes

Colombia

Number of observed events in data and estimated background rates for the LS

channels. The uncertainties are based on the number of observed events in the
CRs as well as the statistics in simulation.
Process popj et | Tyl T Th i
DY + jets < 0.01 037 | 0.5+£0.2 <0.01
W +jets | 0.1£82x107%| 030 | 9.3+23 0.5+0.1
VvV 2.14+0.3 1.9:|:8:‘2l 1.1+02 | 0.1+6.5x 102
tt 3.1+0.1 35497 | 6.7+28 | 0.14+£1.2x1072
Single top - - - < 0.1
QCD - - - 7.6+0.9
Higgs - - - < 0.01
Total 5.440.3 54433 | 17.6 +3.8 8.440.9
Observed 4 5 14 9
Texas A&M Symposium May 20, 2015 32 /59
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

< i SUSY Scenario 1 — Compressed Mass Spectra rgzexﬁﬁg;
" & Large Mass Gaps Colombia

Slepton mass definition\

[ m(75)-m(l) = 5GeV ]

Large mass gap

i =0 ——

[m(icf) -m())= SOGeV]

Compressed mass spectra

. .
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

& Large Mass Gaps losé)ﬁ]ogmsig

(CMS-SUS-14005)

CMS;; SUSY Scenario 2 — Compressed Mass Spectra Universidad de

Slepton mass definition-\

[ m<i>=%m<;zf’>+%m<5cf)]

Large mass gap

J/

nT [m( x5 -m(x) = 50GeV]

LT

Compressed mass spectra

- .
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

CMS/! Universidad de
i Results - Combined Limits: Scenario 1 los Andes
(CMS-SUS-14005) Colombia

e No excess above the SM background

is observed.

o A combined observed upper bound . GusPreimnay 13700070
imi = -y, X - mp-my=5Gev
limit of 280 GeV and an expected ;'1035 uﬁmm%r Mg - mp= 5 Ge ]

Observed

limit on 295 GeV is set, for the large
- Expected+ ].am m= 50 GeV
_ Expected+ 10, m, = 0 GeV'

mass gap scenario where the mass - ]
difference between the chargino and 10— -5 §
the slepton is 5 GeV and the LSP i ]
mass is 0 GeV.

105
e For the compressed mass spectra ;

scenario, where the mass difference
between the chargino and the LSP is -
50 GeV, we set a combined observed Fe i b i L L]

100 150 200 250 300 350 400

upper bound limit of 170 GeV and an mg, = [GeV]
expected limit of 180 GeV.
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

(CMS-SUS-14005)

e No excess above the SM background
is observed.

e A combined observed upper bound
limit of ~ 300 GeV and an expected
limit on & 310 GeV is set, for the
compressed mass spectra scenario.

e We do not have sensitivity to exclude
any masses in the large mass gap
scenario, for this slepton mass
definition.

Andrés Flérez (Uniandes - Colombia) Texas A&M Symposium
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Electroweak SUSY Searches Probing SUSY with VBF (CMS-SUS-14005)

CMS

Universidad de

Latest Limits in the Electroweak SUSY Sector mlOSA"deﬁ

Colombia
§p % production
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DM Exotic Searches (CMS-EXOT-14004)

CMS /1 . Universidad de
| Exo DM Search: Razor Variabels los Andes
(CMS-EX0-14004) Colombia

e The analysis search for events with at least two jets and sizeable
E_,n_viss.

e The razor variables are defined as:

Mg = \/(!511! +1Pn))? = (p7 + p7)?

R = x—f where M? is defined as:

i J J. Emi: —J _J:
MR — | EF=(pr+p7)—E7™(P7 +P7)
T= 2

e Sensitivity comparable to monojet.
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DM Exotic Searches (CMS-EXOT-14004)

CMS,/ . Universidad de
! Exo DM Search: Razor Variabels los Andes
(CMS-EXO-14004) Colombia
e Study events with low values of Mg (unlike SUSY).
e Discrimination variables: R?
e Dedicated trigger based in Mz & R?.
e Event selection criteria:

@ > 1 high-quality vertex (|z| < 24cm).

Q pif >15GeV, |n,| < 2.4

Q@ P& > 15 GeV, [ne| < 3.0

@ Leptons must be well isolated (AR < 0.3)

© CVS b-jet algorithm (loose and tight).

Q > 2 jets with p/. > 80 GeV & || < 2.4

@ Events forced into a dijet+EF"* topology, with 2 megajets (J).
@ megajets are reco. with jets with p/-,- > 40 GeV & |nj| < 2.4
Q |Df(r, Jr)| > 2.5, Mg > 200 GeV & R? > 0.5
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DM Exotic Searches (CMS-EXOT-14004)

CMS /1 . Universidad de
Event Categories W)]Ios Andes

(CMS-EX0-14004) Colombia

e Events are classified in eight categories.

Sample b-tagging selection Mg selection

200 < My < 300 GeV (VL)

300 < Mg < 400 GeV (L)

400 < Mg < 600 GeV (H)
Mg > 600 GeV (VH)

O, 1p, and 2p | no CSV loose jet

0pbb > 2 CSV tight jets
Oub =1 CSV tight jets
1pb o
>
2 > 1 CSV tight jets
Z(pp)b > 1 CSV loose jets

Mg > 200 GeV

e The Ou, Oub and Oubb regions are searched for signal.

e The remaining regions are used as control samples.
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DM Exotic Searches (CMS-EXOT-14004)

Background Prediction - Ou

(CMS-EXO-14004)

Universidad de
los Andes

Colombia

e Ou samples: largest source of BGs result from W + jets & Z + jets.
e 1y samples are used to predict the W + jets & Z + jets contribution.

Wjets, 0 Z(vir)+jets,0 Z(£0)+jets,0
n(]y o (nlp _ Nti,ly _ NZ(M)+fets,1;4) Nl' et N!- (o) jetsOp + (n?_y _ NtE,Z;J) N,' () Hiets Oy
i T\ i i NWHets,l‘u i i NZ(EE)+jefs,2;4

Loose (L) - Mg

18.8 b (8 TeV)

Very Loose (VL) - Mg

18.8 b (8 TeV)

0 [} E
S CcMs —— R?data & 1600~ CMS —— R*data
32500 Preliminary e :>j E Preliminary ke
R? bkg. (stat. + sys.) 1400 R? bkg. (stat. + sys.)
2000 == RPbkg. (stat) 1200 == R®bkg. (stat)
1000~
1500 =
800—
10005— 600
400=-—o—
5°°=:-====ﬁ —,, | emmemms
& - 200~
TR | | ISR Il | ISR SRS ST U IS S S B
o o o3
2 2 < z?E
a £ [} UEE
05 0.6 0.7 0.8 0.9 1 11 12 8.5 0.6 0.7 0.8 0.9 1 11 12
R R’
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DM Exotic Searches (CMS-EXOT-14004)

Universidad de
Background Prediction - 0y los Andes
(CMS-EXO-14004) Colombia
High (H) - Mg Very High (VH) - Mg
18.8 fb™ (8 TeV) 18.8 fb (8 Tev)
@ £ 350
& 800 CMS —— R’data u ] E CMs —— R’data 1u
ﬁ Preliminary u>J E Preliminary
700 R bkg. (stat. + sys.) 3001 R? bkg. (stat. + sys.)
600 B R? bkg. (stat) 250 B R? bkg. (stat.)
500 200F
400 E
150
" .
200 | 10 E
o—
— |
o 3% o
8o 8
85 0.6 0.7 0.8 0.9 1 11 12 0.7 0.8 X 12
R? R?
Observed & Predicted Yields
Mg Z(vv)+tjets | W(lv)-+jets | Z(€0)+jets tt Predicted Predicted | Observed
category (simulation) | (data driven)

VL 6231 £ 37 | 4820 £ 33 49+ 2 555 £ 7 | 11655 & 50 | 12773 £ 899 11623

L 2416 £19 | 1513 £ 16 11+1 104 £3 | 4044 £25 4165 + 265 3785
H 1127 +£ 7 625 + 9 29+03 24+1 1778 + 11 1654 + 686 1559
VH 229 £ 2 103 £3 02+01 |31+£05 335+ 4 243 £ 156 261
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Searches (CMS-EX

14004)

Universidad de
Signal Region - 0y los Andes
(CMS-EXO-14004) Colombia
18.8 fb* (8 TeV) 18.8 fb* (8 TeV)
£i¢L cms B W jers cMs B W+ jers
< Preliminary T zww) + jets Preliminary 1 zw) +jets
w T+ jets B i+ jets
10 Rz, () + jets ZIy (I + jets.
Data —— Data

* Vu-DMm =1 GeV
Vd-DM m = 1 GeV

g E { g E |
2 | 5 |
S esfl S | 8 oo R ]
5 3 07 08 05 T TT 12 5 0% o7 08 05 T TT 12
K VH R
N 18.8 fb! (8 TeV) 18.8 fb™ (8 TeV)
1
2 cus B W jets 2i0F cwms W+ jets
S SF preimnay T zwv) +jets < Preliminary 1 Z) + jets
w B i+ jets Lot M titjets
7/, () + jets 0 | élvl(ll) +jets
Data —4— Data
Vu-DM m =1 GeV weeeees VU-DM M = 1 GeV
Vd-DM m = 1 GeV Vd-DM m = 1 GeV

Data/MC
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DM Exotic Searches (CMS-EXOT-14004)

CMS/! Universidad de
Signal Region - 0ub & 0ubb los Andes

(CMS-EXO-14004) Colombia

e Use similar data-driven technique to Ou
Oub

Opb o\ 2ub Z(£6)+jets,2ub Wjets,2uby N (tt);
n(tt)’ 7 (n(tt)i‘u — N, (£€)+jets2u — N; jets:2ub L
N(tt)

e Background contribution from W(— pv)+jets & Z(— v)+jets is

predicted using the Z(— uu)b sample.
e Closure test: uses the 1ub sample.

Expected & Observed events in the 1b sample

Sample | Z(vp)+jets | W(lv)+jets | Z(€0)+jets tt Predicted Predicted | Observed
category (simulation) | (data driven)

Z(pp)b - - 134 £ 3 17+£1 151 £3 - 175
1ub 0.2+0.1 2719 +£ 7 11+1 3038 £ 17 | 3328 £ 18 3405 + 544 2920
Expected & Observed events in the Oub & 0pbb samples
Sample | Z(vv)-+jets | W(lv)+jets | Z(00)+jets tt Predicted Predicted | Observed

(simulation) | (data driven)
Opbb 44 £ 3 14 £2 02+0.1 204 + 4 262+ 5 271 + 37 247
Opb 417 £ 8 216 £ 7 244+04 | 1480 £12 | 2116 £+ 16 2231 + 281 2282
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DM Exotic Searches (CMS-EXOT-14004)

CMS,/i Universidad de
Signal Region - Oub & 0ubb los Andes
(CMS-EXO- 14004) Colombia
Ou b Op bb
18.8 b (8 TeV) 18.8 b (8 TeV)
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DM Exotic Searches (CMS-EXOT-14004)

CMS/1 Universidad de
Results - 0u mlos Andes

(CMS-EXO-14004) Colombia

e The result is interpreted in the context of a low-energy EFT:
production of DM particles mediated by 6D and 7D operators.

e Operators generated assuming the existence of a heavy particle
mediating the interaction between the DM and SM fields.

e Two benchmark scenarios considered:

1 1
Ov = A2 (Xvux) (d79) 5 Oa= Az (Xvursx) (Frursq)

18.8 fb™* (8 TeV) 18.8 fb (8 TeV)

<~ 5000¢ < 5000f
3 E CMs 3 E CMs
( 4500 Preliminary O 4500 Preliminary
< 4000F- Razor-0p 90% CL limit: AV EFT operator Ry = 80% < 4000F- Razor-0u 90% CL limit: V EFT operator R, = 80%
E Expected limit g =1 Expected limit g =1
3500 + 10 expected limit ", 3500 + 10 expected limit ",
3000E- Observed limit Gen ™ 301 Observed limit Gt =
E A<2m, 9y =4 E A<2m, G =4
2500 A<my2m 9,y =41 2500 A<my2m g,,=4n
2000E- 2000E-
1500 1500F-
1000/= — — 1000F= — =
500F- 5005 ~
o il g i = o o d T
1 10 10% 10° 1 10 10° 10°
M, (GeV) M, (GeV)
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DM Exotic Searches (CMS-EXOT-14004)

Results - Oub & Oubb

(CMS-EXO-14004)

Universidad de

los Andes

Colombia

e Results are interpreted in a EFT scenario, considering a scalar

operator:
00 18.8 fb™* (8 TeV) 200 18.8 fb (8 TeV)
3 F CMS 3 F CMS
O 3500 Preliminary O 350F Preliminary
< E Razor-b limit: Scalar EFT operator R, = 80% < E Razor-b limit: Scalar EFT operator
300~ Expected limit o Expected limit
E + 1o expected limit + 10 expected limit
250[— Observed limit Observed limit
E A<2m, A<2m,
200F W A <my2n B A <my2n
150 150
100 100
50H= — 50F= —
B i i B L
10* 1 10 10t 1 10
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Summary

Summary

Universidad de

los Andes

e Several new SUSY electroweak searches have been presented.
e There are some low-significance excesses in some channels, but no

evidence of SUSY yet.

e Searches in Exo channels do not show evidence for DM vyet.

e Stay tuned for the next run of the LHC!
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e ABDC method.

CMS Simulation, Vs = 8 TeV
e

CMS Simulation, Vs = 8 TeV
S\1207 ) ,9120HH‘HH‘HH‘HH_H7
[ r tt (2b sample) [ r tt (4b sample) §
S 100F 4 £ 100F B
= 1 = F ]
£ sob 1 € gof B
=1 [ 17 =2 [ ]
60 B 60F E
a0 . a0 .
20F ’—‘ B 20F ’—‘ E
0’ LI AR R O’HH\H‘ AR RN
0 50 100 150 200 250 0 50 100 150 200 250
mn_C(GeV) n_(GeV)
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CMS;

Summary

(hh,hZ, hZ — ~~ + ¢) Electron Channel

e 18 events in signal region vs 10.0 + 2.3 from SM BG.

o Excess at low ET"*°, therefore no signal-like.

Universidad de
los Andes

Colombia

e Toy MC studies of fit show that it's stable and unbiased with properly

estimated errors.

"
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CMS Simulation L =19.3 fb* Vs=8TeVv

e SyEeT: X of the observed

1%] T T T T I
. . = L R R S \ genuine E'“s (SM) ]
Efiss with the null (no 2 e
A . r -E}-- EP, genuine E”“‘ (susy) ]|
true E_’I_"’SS) hypothesis. 1°5§ e S, gentine EV (SUSY)
. . 10° ;7 ---E-- EF, spurious E':: 7;
e Uses the covariant matrix > Suer Spurous
108 o
for each reconstructed
. . H 2: 5
object in the Ef'* sum: 107
10¢
- Bin 0 NB’inl Bir‘|2 Bir‘|3 Bin 4 -
ET™* (GeV) 0-106  106-133 133-190 190-250 >250
i g ET y 0 Syer 0-30 30-50 50-100 100-150 >150
U' = (1) o . _ .
0, ET U¢, e Distribution of simulated tt (genuine
. E7"™ (SM)), signal (genuine E7"*
H miss . .
e For details on the E (SUSY)), and QCD multijet (spurious
significance: E'ss) events using loosened selection

http://arxiv.org/pdf/1106.5048v1.pdf X
criteria in bins of Syer and ET'*.
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e Total of 64 channels, each with 3 E’T""SS bins, in > 3 analysis
(published in PRD [PRD 90, 032006 (2014)] -
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.032006).

e Excess seen in one channel, where:

© 4 leptons with one oposite sign electric charge, same flavor (OSSF)
lepton pair and one hadronic tau decay candidate.

@ myy of the OSSF pair is not near the Z mass.

© No b-tagged jets. ‘

Q Hr <200 GeV (Hr =Y p*)

e Probability to observe 22 or more events with 10.1 + 2.4 BG events
expected is about 1%.

e Taking into account that there were 64 independent channels, the
probability to observe one channel with such fluctuation is about 50

%.
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CMS - Universidad de
hZ — bble/yles, los Andes
(CMS-SUS-14002 - PRD) Colombia
e Observed data consistent with BG prediction
ET™® <25GeV 25 < EF™ <50GeV 50 < Ef™™ < 60 GeV
Z+jets bkg 56.7 £ 1.9 433+23 57+12
Flavor symmetric 04+03 04+£0.3 04+£03
Other SM bkg <01 0.1+0.1 01401
Total SM bkg 572+19 438+23 62+12
Data 54 47 7
ET™ > 60 GeV ET™ > 80GeV EF™* > 100GeV
Z+jets bkg 57+18 22409 06+03
Flavor symmetric 24409 1.8+0.7 1.6+06
Other SM bkg 0.3+0.2 0.34+0.2 02401
Total SM bkg 85420 43+1.2 24407
Data 8 2 0
hZ events
Mz = 130GeV 54+0.1 31401 17401
M = 150 GeV 53+0.1 33401 20401
M =200GeV 47401 42+0.1 33401
iz = 250 GeV 3.5+0.1 32401 28401
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>dleptons  myp EF® | Ny =0,Np=0 | Npy =L, Ny=0 | Ny =0,Ny>1 | N =1Np >1
Hy > 200 GeV (GeV) | Obs. Exp. Obs. Exp. Obs. Exp. Obs.  Exp.
OSSFO — (100,00) | 0 0.01°0% 0 0.0110%¢ 0 0.02+50% 0 0.11+0.08
OSSFO — (50,100) | 0 0.0040:05 0 0.01+{8¢ 0 0.00553 0 012£007
OSSFO — (0,50) 0 0.00:?;%; 0 0.0740.49 0 0.00+5%2 0 0.02£002
OSSF1 Off-Z (100,00) | 0 00175 1 0254011 0 0134008 0 012£012
OSSF1 OnZ (100,00) | 1 010£006| 0 050£027| 0 0424£022| 0 042£019
OSSF1 Off-Z (50,1000 | 0 007=006| 1 029+013| 0 004£004| 0 023013
OSSF1 OnZ (50,1000 | 0 023=011| 1 070+£031| 0 023+013| 1 034016
OSSF1 Off-Z  (0,50) 0 002438 0 027£012| 0 0.03+5% 0 031£015
OSSF1 OnZ (0,50) | 0 020=008| 0 13£05 | 0 006+004| 1 049%0.19
OSSF2 OffZ (100,00) | 0 001792 | — — 0 001 | — —
OSSF2 On-Z  (100,00) | 1 01558 | — — 0 0344018 — —
OSSF2 Off-Z (50,100) | 0  003+002 | — — 0 013£009| — —
OSSF2 On-Z (50,100 | 0 080+040 | — — 0 036+019 — —
OSSF2 OffZ (0,50) | 1 0274013 | — — 0 008+005 — —
OSSF2 OnZ (0,50) | 5 74435 | — — 2 080+040 | — —
>dleptons  mpp B | Np=0,Ny=0 | Ny =L, Ny=0 | N =0Ny>1 | Ny=1Np>1
Hr < 200GeV (GeV) | Obs. Exp. Obs.  Exp. Obs. Exp. Obs. Exp.
OSSFO — (100,c0) | 0 011+008| 0 017+£010| 0 003 0% | 0 004+004
OSSF0 — (50,100) | 0 001%0% | 2 070£033| 0 0.00t§§5 0 028+016
OSSFO — (0, 50) 0 0.01752 1 0 0007082 0 0.13+008
OSSF1 Off-Z (100,00) | 0 006004 | [3 0 002'5% | 0 032+020
OSSF1 OnZ (100,00) | 1  050+018 | 2 1 038+020| 0 021+010
OSSF1 Off-Z (50,100) | 0 018006 | 4 0 016+£008| 1 045+024
OSSF1 On-Z (50,1000 | 2 1203 | 9 2 042£023| 0 050+0.16
OSSF1 OffZ (0,50) | 2 046+0.18 0 009+006| 0 070031
OSSF1 OnZ (0,50) | 4  30+08 1 031+015| 2 1504047
OSSF2 Off-Z (100,00) | 0  0.04+003| — — 0 005+£004| — —
OSSF2 OnZ (100,00 | 0 034£015| — — 0 046+025| — —
OSSF2 Off-Z (50,100) | 2  018+0.13 | — — 0 002700 | — —
OSSF2 OnZ (50,100) | 4  39+25 | — — 0 050£021| — —
OSSF2 OffZ (0,50) | 7  89+24 | — — 1 023+009 | — -
OSSF2 OnZ (0,50) | *156 160+34 | — — 4 29+08 | — —
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hW (CMS-SUS-14-002) ZW (CMS-SUS-13-006)

® | — ~~ channels added. ®  — ~v channels added.

® Single lepton: h — bb, W — Iv ® Z4j:ZIIW—j

® Same-sign di-lepton: h — WW W — v ® Multilepton: Z — Il W — v

® Multilepton: h — WW /ZZ /17 W — Iv ® Combination is also shown.

CMS L=195f" Vs=8TeV _ E:BTetv L‘:19.5 bt _
< T T T T T s xclusions E
E 10 pp - R¥ 95% CL CLs NLO Exclusions 4 C obsened 31 B 5 - -
—_— + B d 212 (031 +
= P_np Observed +10,,,.,,, 4 Expectod 212 0 3 zlg:::ﬂe 5
&< 1201 % 1 Expected £10,,, Observed 3l only
100f K- W e 10° Qoservd 22 only 10°

40

— 10

95% CL upper limit on cross section (fb)

95% CL upper limit on cross section (fb)
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2D Exclusion Region and Analysis Sensitivity
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e Signal MC generation: MadGraph 5.1.5.4
e Up to 2 ISR partons allowed.

e Detector response from fast simulation, excess h — bbh — bb which
uses Geant4.

e Cross sections NLO-+NLL for GMSB hh, hZ, Z7.

e For GMSB, the two lightest neutralinos and lightest chargino are pure
higgsinos and mass degenerate.

v Any SM particle from {2 and ¥i are assumed too soft to be detected.

e Decays of GMSB NLSP use pure phase-space matrix elements.
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