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Brief outline

» Gluinos in natural SUSY: motivation and introduction
» Search signatures
» Backgrounds

» Analyses and interpretations:

Gluino-mediated sbottom production
0-1 leptons

Gluino-mediated stop production with stop = top+LSP
0-3 leptons
High jet multiplicity

Gluino-mediated stop production with stop 2 charm+LSP
O leptons
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Why gluinos?

» Naturalness

As you know (see yesterday’s
talks), gluinos are a key player in
the naturalness story

Constrained to 1-2 TeV in natural
SUSY scenarios

» High production cross section
Sensitivity to highest masses

Most dramatic signatures
Heavy SUSY parents—>lots of
(missing) energy in the detector

Searches for the heaviest

particles gain the most from

increases in CM energy

Compling Aited SUSY
| 300 r——h j

i b
Yoo _  ——— LR,
2

20 R \'\,

L

N. Arkani-Hamed

LPCC SUSY 6 WG NLO(-NLL) Vs =8 TeV, L =195 th?

|} 103 T T T T T T T T T T T T T T T T T T T T T T
o) ‘l \ \ T T T \ 107
— 2 [\ =
o 10 S
510 S
N} :
2_ ! ) qw =10*
& 10-1 E
: i tt" £ el
_2 .|
10 P 102

XX
3
10 \ 10
7 1 I IR BRI BRI B . . |
10 200 400 600 800 lOOQ 1200 1400 1600
SUSY particle mass [GeV]

. Thompson, Cornell 12 Nov 2013

#events in 2012 dataset



Decay topologies and sighatures

Hypothetical SUSY spectrum Typical decay chains
gluino A g — bb — bby!
sbottom Y mass {] - t{ - tb}fi
stop v g — bb — bty
0 Lgpy =2t X+ G — tF — Y
g — tt — tex?)
» What Signatures are we » Final states: 4 b-quarks and 0-4 W’s
looking for? S o
bbbb+MET Of> High jet multiplicity
ttbb+MET » Potential for many leptons
Et)tc-:l\l/\l/lEgT } LS>P efe(: ?geefn?sl?r?;e'c:;idsve rse energy (MET)
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Main backgrounds

» Signal signature: jets, MET, 0-3 leptons, b-tags
» Main background usually ttbar (semi or fully
leptonic)
Neutrino(s) give real MET
2 b-jets from top decays
31 b-tag can come from W->cs, radiated b-jet, (etc)
O lepton searches:
Leptons can evade vetoes (especially tau—=>hadrons)
1 lepton searches:
1l ttbar can be reduced with MT and related quantities
2 same-sign lepton and 3 lepton searches:

Jets can be a source of non-prompt leptons, especially
from semileptonic B decays

» Other backgrounds depend on search
W+jets, Single top production
O lepton searches:
Z2>vvtjets
QCD
Rare processes such as diboson, ttW, ttZ, and ttH
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Events
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O lepton, multiple b-tags

» Discriminating variables:

MET, HT=2, | pr|, number of b tags
QCD rejection: variant of A¢p(jet,MET)
Lepton and isolated track vetoes

8 TeV
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» Background determined in 3-d binned fit

Control sample defined for each
background:

ttbar: 1-lepton sample
Z>vv:Z=2>I1l samples
QCD: inverted A¢ cut

Simultaneous fit to MET/HT/nb shape in
control and signal samples

J. Thompson, Cornell 12 Nov 2013
Also see: a; analysis,SUS-12-028/EPJC 73 (2013) 2568



CMS PAS SUS-13-004 CMS.

" Compact Muon Solenoid

Razor analysis V2

» Analysis binned in lepton, jet, b-tag multiplicities Data agrees with
0+1 lepton categories used in current results background prediction
1,2, 23 b-tags % 1o’ = CMSPreliminary {s=8TeV +-Data
»  2-d fit to shape of background and signal in the plane of the “Razor” (0] |y megez0r Multidet Box_[L= 19.3 fb“::"b‘j;B"gd
variables: C. Rogan, arX:v:1006.272§\/I < ﬁF —>2 b-?ag
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ATLAS CONF-2013-061

E 104; A'IJ'LAS‘Prehmllnary ® Data 2012
8 F J Ldt=20.116",\s =8 TeV %5 sotal
- - l_u; 103 E_ 0-lepton baseline selection - Reducible bkg (MM)
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. . . . . Lﬁ 102 ;_ ------ Gbb (g) (1300, 100) GeV x 10
» Discriminating variables: - =30
Signal regions defined using: 1o 10 x g — bb 1
Number of leptons (e/mu): O or 1 - - B
Meff = ZN.is |pr| + MET (+ lepton pT) 1 =
o1 Where N = 4 or all, depending on signal region = D : Ik
Jet multiplicity o T ‘ R
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MT selection for 1 lepton search m¥ [GeV]
Require >3 b-tags
Reject QCD with A¢(jet,MET) for O lepton search > L B B B
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» Backgrounds: 8 10 [Laz01 ' isco ey % smiosl -
Reducible backgrounds (<3 real b jets) estimated from :g || Topton baseline selecton [ Reducivle bkg (MM)
pre b-tag data by solving a system of equations with the g 107E"  ewuchannels [ redbietig tuc) - 5
b-tag efficiency and mistag rates as input H . eeee GHGZ) (1300, 100) GeV x 10
Dominated by ttbar " 10 X § — tt‘?O
Irreducible backgrounds (=3 b jets) taken from MC: 10 1
tt+b, tt+bb, ttZ/H SNSRI < 22T T
1

» Data compatible with background predictions
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» Interpretation of O-lepton searches
» Sensitivity to gluinos as heavy as ~1350 GeV for light LSP
3-g production, g— bb %
s 3RO, g R, ATLAS CONF-2013-061
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ATLAS CONF-2013-061

Additional interpretation

» Combined O and 1 lepton search provides good sensitivity to
models with tops in the final state

Shown here: ATLAS results for § — tbx*
Results for § — tt_f((l) shown later

gg production, g — bf+§[T, m(qg) >> m(g) L™ =20.1fb™", Vs=8 TeV
; 1 100 T T T | T T T I T T T I T T T I T T T I T
@ .. ..
S, 1000 E- ATLAS Preliminary ===~ Expected limit +15,,,
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4

variables:
HT, MET

CMS-PAS-SUS-13-007 CMS

1 lepton, multiple b-tags

Independent searches in 2 sets of kinematic

HT, (MET+lepton pT), Ad(l,W)

A¢ is related to MT(I,MET). Reduces semileptonic ttbar

background

Both versions require >6 j_ets
Optimized for g - tti?
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» 3 background estimation methods

Estimations of background MET spectrum:
From spectrum of measured leptons
Fit to parameterization of MET shape
Extrapolation from low A¢(l,W) control sample
Uses lower b-tag sample as ttbar control sample

» Data agrees with predicted backgrounds in all cases

J. Thompson, Cornell 12 Nov 2013




ATLAS CONF-2013-007
CMS PAS SUS-13-013

2 Same sign leptons + b-tags

» Powerful signature: § 12
4 W final states from SUSY FRL
naturally produce same-sign E
leptons
Real same-sign leptons very rare i
in SM 4

TTZ/W, diboson 2

» Experimental challenge:
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CMS PAS SUS-13-016
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»  Mutually exclusive from same-sign analysis P
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3 leptons

>3 leptons possible in 4 top
SUSY signal but very rare in SM

WZ, ttV, triboson, lepton fakes

ATLAS Selection:

e/u pr>15 GeV
With one >20 GeV
Veto Z mass window
>4 Jets (p>30 GeV)
MET>50 GeV

CMS Selection:

e/u pr>10 GeV
With one >20 GeV
Divide into “on-Z” and “off-Z”

Bins of jet multiplicity (p>30
GeV)

Bins of b-tag multiplicity (1,2, >3)
Bins of MET and HT

14
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ATLAS: JHEP10 (2013) 130

High jet multiplicity

T T T | T T T I T T | T T I T T T I T T T | T T T I T T T
Data
ATLAS 1 Total background
[Ldt=20.31b 1 Multijets
Js =8 TeV 1 fisqll
> 2 b-jets I Single top
. W7
CCOW = v+ bjets
I W — v + light jets
N Y SV, Il +jets
smems [7]11900,150] [GeV]

9 jets p, > 50 GeV

» Veto leptons, look for very
high jet multiplicity from 4
hadronically-decaying tops

» Selection:

Bins of jet multiplicity

=N
<

Events / 4 GeV'?
53

ke
<

1 t~
8,9, >10] or [7, >8] “ g7y
depending of pT threshold s T
Bins of number of b-tagged B S s ]
: N N L
jets EP*/\H; [GeV'?]
[0,1, >2] (Just one of many signal regions)

MET/VHT > 4 VGeV

15 J. Thompson, Cornell 12 Nov 2013
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Limits in the § — t¢x} topology

» All lepton multiplicities are relevant
Limits up to 1400 GeV for light LSP

g-g production, g— tfi?

§g production, §— ﬁf, m(@) >>m(g), \s =8 TeV Lepton & Photon 2013
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Off-shell versus on-shell W=

» Natural SUSY motivates simplified models with on-shell stop/sbottom
mglumo > msbottom mstQp
Forexample g — t — ttXl

» I 'have shown the interpretations that ignore the intermediate decay and instead use
a direct 3-body decay, for example g — tixy

reduces the number of parameters to 2 (gluino, LSP masses)

. — — tt — tty
g — ttX? For ongshell model, nee g%o fix
somethmg Here set LSP to be 60 GeV
695~ ﬁx1 (F) >m(@) 53, g—> nx (On shel)
s Errr IR R =9 FTT [rrrrprrrT T TTTA
E 900; A LAS IL dt=20.3fb" 1 31200 _ATLAS ILdt 203" E
oﬁﬁ 800 & Multijet Combined = 2:1 100 - Multijet Combined e . .
& £ === Expected limit (1Gyyp) 1 F -+ Expected limit (+1 o) i —>kinematics of the
E 200 :_ s Observed limit (+16,.57) = 1000 |- 5 Observed limit (+1 031:::,) =
: . - 1 eventdo depend on the
600 — — I s e . .
- SN : 1 intermediate mass
= = o i\ ]
N 1 oof 1 —>However, most
: 1 ool 1 analyses find limits on
ook 3 s0of 3 the gluino mass that are
ook 1 a0} i 1 largely independent of
S 4 e 4 the intermediate mass
800 700 800 900 1000 1100 1200 1300 700 800 900 1000 1100 1200 1300 1400
m(g) [GeV] m(g) [GeV]
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tt, production, t—t %, /L= Wb ¥, /t—c &, Status: SUSY 2013
LI ‘ T 17T ‘ UL I L ‘ T 1T | L I 3
0 ATLAS Preliminary L, 520 "s=8TeV L, =471b"\s=7 TeV_-|

ATLAS-CONF-2013-047 3

s ==-- /fExpected limits

O-lepton, 2-6 jets

» Direct stop searches have
limited sensitivity when
AM(stop, LSP) is small

~0
t % CXl /20 300 400 600 700_
Soft jets, small MET m, [GeV]
(some sensitivity from monojet search) 1000 g-g production, g— it — ctj{?

u L] ;‘ :I | T T T | T T T | T | T .I_- | T T T l:
» Gluino product_lon oper_18 a S | ATLAS Preliminary A,
back door to discovery: = i . =
N ~ -0 - Ldt=2031b", ys=8 TeV -
qg — tt — CtXl 800 |- 0O-lepton combined -
Stop produced in gluino g [ e Obseved lmit (1 0py) E
decay gets boosted: - - Expectediimit (£10,,) .
enhances jet pr and MET %0 - AM(stop, LSP) = 20 GeV E
» Generic search for new 500 =
physics in jets+MET ol E
provides sensitivity to this - :
scenario using >6-jet signal 300 |- e
regions 200 AN E
+/I | | | | | | | | | | | | | | 1 | |.I'I | | | I:

400 600 800 1000 1200 1400
18 m; [GeV]
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Summary

» Thorough program at both experiments to search for gluinos in the context
of natural SUSY

0, 1, 2 (same sign and opposite sign), >3 lepton signatures covered
Many variations on background techniques, kinematic variables, etc
Same story in all analyses: data consistent with background predictions

» Sensitivity out to nearly 1.4 TeV for light LSP
(And to LSP masses of ~700 GeV)

Keep in mind that if such a gluino exists, only ~17 pairs of them (per
experiment) were produced last year!

Starting to see gains from combinations of searches; expect more of that in the
future

» There is a lot more activity in reinterpretation than | have shown here.
Many of these analyses are sensitive to many different models. See
experiments’ twikis for all the details:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

» Gluino searches will have the most to gain from energy increase to 13 TeV
Cross your fingers!

19 J. Thompson, Cornell 12 Nov 2013
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» Mutually exclusive search bins:

Bin  H;(GeV) E;(GeV)

1 400 - 500
(HT1)

2 500 - 800
(HT2)

3 800 — 1000
(HT3)

4 > 1000
(HT4)

125-150
(MET1)

150 - 250
(MET2)

250—-350
(MET3)

> 350
(MET4)

21

CMS-SUS-12-024: more details

Results in most sensitive bins

Observed number of events

Npjee 23| HT1 HT2 HT3 HT4 HT14
MET2 161 182 18 14 375
MET3 15 36 6 4 61
MET4 — 8 2 4 14

MET2-4 176 226 26 22 450
SM background estimates from fit

Npjee >3] HT1 HT2 HT3 HT4 HT14
MET2 15718 | 17913 | 232438 123727 | 37211
MET3 | 155139 | 321733 | 5912 | 29713 | 565137
MET4 — g4t | 20159 | 2193) | 124723

MET2+4 | 173+3 | 22013 | 310733 | 173731 | 441 7%
SM background predictions from simulation

Nojet >3 | HI1 HT2 HT3 HT4 HT14
MET2 | 127+8 | 180412 | 2742 | 13+1 | 347+14
MET3 | 147407 | 30.9+07 | 75404  39+02 | 569+26
MET4 — 61+02 | 26+02|26+02|11.3+03

MET2+4 | 141+8 | 2174+12 | 374+2 | 20£1 | 415+15
SM background estimates from sideband fit

Nojee >3 HT1 HT2 HT3 HT4 HT14
MET2 119%32 | 15873 | 2827183 | 102133 | 31675
MET3 | 152153 | 27738 | 56125 | 20733 | 505152
MET4 — 8312 | 1912 | 04705 | 105132

MET2-4 | 134132 | 19473 | 357772 | 126735 | 37773

12 Nov 2013
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CMS PAS SUS-13-004: more details

» Selection details:
Events are categorized into mutually exclusive “boxes”

Table 1: Lepton, b-tag, kinematic, and jet multiplicity requirements for each of the ten boxes in
the razor analysis. The boxes are listed in decreasing hierarchy rank. The ranking is introduced
to unambiguously associate an event to a box.

Requirements
Box [ lepton | b-tag | kinematic jet
Dilepton Boxes
> 1 tight electron and (Mg > 300 GeV and R? > 0.15) and .
MuEle > 1loose muon 2 1b-tag (Mg > 450 GeV or R? > 0.2) 2 2jets
> 1 tight muon and (Mg > 300 GeV and R? > 0.15) and :
> - >
MuMu > 1 loose muon = lb-tag (Mg > 450 GeV or R? > 0.2) =z 2jets
> 1 tight electron and (Mg > 300 GeV and R? > 0.15) and .
EleEle > 1 loose electron 2 1b-tag (Mg > 450 GeV or R? > 0.2) 2 2jets
Single Lepton Boxes
. . i (Mg > 300 GeV and R? > 0.15) and :
MuMultiJet > 1 tight muon > 1b-tag (Mg > 450 GeV or R2 > 0.2) > 4jets
. (Mg > 300 GeV and R? > 0.15) and .
> > -
MuJet > 1 tight muon > 1b-tag (Mg > 450 GeV or R2 > 0.2) 2 or 3jets
y)
EleMultiJet > 1 tight electron > 1b-tag (Mg > 300 GeV and R ? 0.15) and > 4jets
(Mg > 450 GeV or R? > 0.2) .
) (Mg > 300 GeV and RZ > 0.15) and : » Each of the boxes is
EleJet > 1 tight electron > 1b-tag > 2 or 3jets
(Mg > 450 GeV or R? > 0.2) . :
Hadronic Boxes fU rther Su blelded N
. (Mg > 400 GeV and RZ > 0.25) and . . . . g
> .
MultiJet none 2 1b-tag | " Mg > 550 GeV or R? > 0.3) 2 Ajets bins of b'J et multi pl ICIty
(Mg > 400 GeV and R” > 0.25) and :
> .
2b-Jet none > 2b-tag (Mg > 550 GeV or R2 > 0.3) 2 or3jets > =1b, =2b, >3b
22 J. Thompson, Cornell 12 Nov 2013



CMS PAS SUS-13-004

Razor analysis background estimate

» Backgrounds are parameterized using 2-d exponential:

For(M, R?) = [b(Mg — M)V (R? — R})"/" -

1]€—EJH{MR —M}Dt]”” (RE_RE ]UM

» Each “box” is analyzed independently
Simultaneous fit across b-tag multiplicity within a “box”
=2b and >3b bins constrained to share the same background shape

» Two types of fits:

» Sideband fit to red/blue
regions, with extrapolation to
white region

» Better for theorist
reinterpretation

» Full fit to whole plane
» used in setting CL limits

23

(o]

o

Low M, Side-band: M_<550 GeV and R*>0.3
o
L
T 8 Low R? Side-band: M,>550 GeV and R*<0.3
08| €
- _8 Extrapolation Region: MR>550 GeV and R%>0.3
- ©
5
0.5 o
ap
- X
S
o
0.3 gt — _
Background dominated , ,
500 1000 2000 3000 4000
Mg[GeV]

J. Thompson, Cornell 26 Aug 2013



» Projections of the sideband fit,

CMS PAS SUS-13-004

Razor analysis: Example fit results

extrapolated to the full analysis region, for the multijet box

0 10 = —
"2 NS CMS Preliminary {s =8 TeV —4-Data % 10 & CMS Preliminary |s =8 TeV -4-Data
[0 10 C
> i = -+ Total Bkgd T . __Razor MultiJet B JL = 19.3 fp* 10tal Bkgd
L LRazor Multidet Box J L=193f — 1 b-tag 1] 10° ?'_._azor ultiJet Box 1 brtag
10° 3 == —2>2 b-tag = — —>2 b-tag
- 10° = *
10z =5 ; -
1;7 10 ? h g
10" ; 1= .
g gEe b e T Data in agreement
2 2 2 2t . .
D feeeee—e D e — — with predicted
% 500 1000 1500 2000 2500 3000 3500 4000 + 0.4 0.6 0.8 1 1.2 1.4
S Mo [GeV] & R? background
» P-values quantifying agreement of background model
and data, translated into number of sigma
o EE Eolliniies Ee G T -_4 2 CMS Preliminary s = 8 TeV é
1 1019 09 Razor 2b-Jet Box | L=19.3" '% 1 -0515:-0.6 Razor MultiJet Box _.. L=19.3f" -%
—2 0O O
0.8 - 0.8 -
1715 16 1.3 s 1504 03 14 08 s
E E
15 0.4 2.1 -0 5 1118 02 09 ks
0500302 22 07 09 0503703 07 09 -06
. . . . . 7_2 =V . . =u.
0711 05 05 13 02 10 -02
03| o6 70 05 02 07 B 031 04 10 03 07 18
500 1000 2000 3000 500 1000 2000 3000
M [GeV] M, [GeV]
24 J. Thompson, Cornell 26 Aug 2013



ATLAS CONF-2013-061: selection details

25

baseline selection: baseline lepton veto, p”
AP = 0.5, B il > 0.2, = 3 bj

= 00 GeV, E"‘is-“*::- 150 GeV, = 4 jets with py = 30 GeV,
jets with py = 30 GeV

min
0-f region | N jets | pr jets [GeV] ETss [GeV] Mg [GeV] Emis V-’H#" [GeV7]
VR-0I-4-A | >4 > 30 > 150 - <16
VR-01-4]-B | =4 > 50 = 150 mil < 1000 -
VR-OL-77A | =7 = 30 = 150 m%! < 1000 -
VR-0-7jB | =7 = 30 150 < EMss < 350 -ﬂf' <1500 -
SR-OI-4FA | >4 > 30 = 200 mil > 1000 =16
SR-0I-4fB | >4 > 50 > 350 mil > 1100 -
SR-01-4-C | =>4 > 50 > 250 mil > 1300 -
SROI-7FA | =7 = 30 = 200 m%! = 1000 -
SR-O0I-74B | =7 > 30 > 350 m"' = 1000 -
SR-01-7}-C | =7 = 30 = 250 mn! = 1500 -

baseline selection:

= 1 signal lepton (e,u), p;‘ = 00 GeV, Er'f‘i“::» 150 GeV,

= 4 jets with pr = 30 GeV, = 3 b-jets with pr = 30 GeV

1-f region | N jets | EF'* [GeV] mt [GeV] mn [GeV] | EFiss/ v-”HiTﬂd [GeV?]
VR-11-4j >4 > 150 = 100 - -

VR-11-6 > 6 > 150 100 < mr < 140 > 600 ~5
SR-11-6]-A | =6 > 175 ~ 140 > 700 ~5
SR-11-6j-B | =6 > 225 > 140 > 800 =5
SR-11-6j-C | =6 > 275 = 160 > 900 -5




CMS PAS SUS-13-007: more details

Table 12: Event yields in 19.4 fb~! of data with Niet = 6: the columns list the numbers of events
+ A(I)(W, I ) Searc h observed in the control region, while for the signal region both the numbers of events expected

and the numbers of events observed are listed. The uncertainty reflects the total uncertainty,
while the number in parenthesis the statistical uncertainty stemming from the number of events
in the control regions.

| | | Sjlf'n [GeV] | control reg. data prediction | observation |
2| [250,350] 141 6.00 £ 2.40 (2.23) 9
g | [350,450] 24 1.37 = 1.19(1.12) 2
G = =45() 9 0.0 + 0.66 (0.66) 0
= = | [250,350] 112 3.83 +1.84(1.75) 9
& | [350,450] 28 2744202 (1.86) 2
H =450 9 0.0 + 0.42 (0.42) 0
£ | [250,350] 28 1.92 4+ 0.95 (0.84) 0
- é [350,450] 13 0.57 + 0.58 (0.52) 0
Al = =450 2 0.0 + 0.22 (0.22) 0
= | 5| [250,350] 45 1.89 &+ 1.03 (0.94) 4
@ | [350,450] 7 0.85 £ 0.80 (0.70) 0
K =450 0 0.0 = 0.08 (0.08) 0

MET+HT search

presence of four top quarks, signal events have high jet and b-jet multiplicities, so the search
region is Njet = 6 and N, > 2, while the Njer > 4 region provides a background enriched
validation sample. In both cases, we consider three different Ht requirements, Hr > 500, 750,
or 1000 GeV, each of which provides sensitivity to different mass ranges. The E spectrum in
these samples is divided into three search regions, [250, 350), [350,450), and > 450 GeV, plus a
lower bin of 150 << Et < 250 GeV, which is used for additional validation.

26 J. Thompson, Cornell 12 Nov 2013
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ATLAS CONF-2013-007: more details

Search regions
Signal region  Nj_js  Signal cuts (discovery case) Signal cuts (exclusion case)
SROb 0 Niets = 3, EI}“SS;» 150 GeV Nijets = 3. E!’r“iss> 150 GeV, mt> 100 GeV,
mt> 100 GeV, meg>400 GeV  binned shape fit in meg for meg >300 GeV
SR1b >1 Niets 23, EF> 150 GeV Njuis = 3, EF™> 150 GeV, m1>100 GeV,
mt>100 GeV, meg>700 GeV  binned shape fit in mag for meg>300 GeV
SR3b >3 Niets = 4 Nijets = 3.

- EMS< 150 GeV or mr< 100 GeV

Table 1: Definition of the signal regions. The cuts for the discovery and exclusion cases are shown
separately. For all signal regions, two leading leptons with pt > 20 GeV and of the same electric charge
are required. Jets are selected with pt > 40 GeV while b-jets are required to have pt > 20 GeV.

27 J. Thompson, Cornell 12 Nov 2013



CMS PAS SUS-13-013

» Same-sign dileptons

Table 1: Kinematic requirements on leptons and jets that are used to define the low-pr (high-
pr) analysis.

pr(GeV) ]
electrons > 10(20) | < 24 and ¢ [1.442,1.566]
MUONS = 10(20) <24
jets =40 <24
b-tagged jets = 40 < 24
Nijets | B (GeV) | Niets | Hr € [200,400] (GeV) | Hr > 400 (GeV)
2-3 SRO1 SR02
_0 50-120 >4 SR03 SR04
N > 120 2-3 SR05 SRO6
>4 SRO7 SRO8
2-3 SR11 SR12
_, 50-120 >4 SR13 SR14
N > 120 2-3 SR15 SR16
>4 SR17 SR18
2-3 SR21 SR22
=y 120 Sy SR23 SR24
- > 120 2-3 SR25 SR26
>4 SR27 SR28

28 J. Thompson, Cornell 12 Nov 2013



ATLAS CONF 2012-151

6 Signal and control regions

The tri-lepton events are divided into four non-overlapping kinematic regions, consisting of three control

regions and a signal region. The control regions are used to estimate the SM backgrounds in the signal
region. The regions are:

e Z-boson control region - Events have a pair of leptons with opposite charge, same flavor, and
81 < m({*{™) < 101 GeV.

o LUW-EEF“S control region - Events have EE}““ < 50 GeV and are not in the Z-boson control region.

e t7 control region - Events have fewer than four jets, EEF“S > 50 GeV, and are not in the Z-boson
control region.

e Signal region - Events have four or more jets, E%‘is" > 50 GeV, and are not in the Z-boson control
region.

29 J. Thompson, Cornell 12 Nov 2013



» All the combinations of these requirements are used to create the 60 search regions

CMS SUS-13-008

(for nb>=3, no extra jet multiplicity binning is used)

Model B2

Variable Baseline Search Regions
Sign/Flavor | 3 e/u On-Z Oft-Z
Nb—jets > 1 1 2 >3
Njets > 2 2-3 > 4
Hr (GeV) > 60 60-200 > 200
E%iss (GeV) | > 50 50100 100200 > 200
. ] . CMS Preliminary, 19.5 fo™, /s =8 TeV
Example of additional interpretation < — .
5 © 1400 pp—:-gg,g—:-btW;“(1 NLO+NLL exclusion
= =0Observed = 10y,
£ 222 Expected = 10, 0o
§1200| m_. = 150 GeV m.o = 50 GeV
E | ;
10001 —
: -
800:—
600:—
400;| ! !

30

5

1 I 1 1
1100 1200 1300

mgluino (GeV)

34

32

30

28

26

24

22

20

18

16

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



ATLAS JHEP10 (20413) 130

» Definition of search regions

Multi-jet 4+ flavour stream Multi-jet + 1‘.1? stream

Identifier 8j50 9j50 = 10§50 7i80 > 8j80 > 8j50 | =9j50 | = 10j50
Jet |n = 2.0 < 2.0 < 2.8
Jet pr = 50 GeV = 30 GeV = 50 GeV
Jet count =3 =9 =10 =7 > 8 = 8 =10 =10
h-jets
ogf1{=2(0(1] =2 gf1|1=2(011]=2
(pr = 40 GeV, || < 2.5)

M7 [GeV] = 340 and > 420 for each case

E_t{]}iss\:;.r Hr]' ~ 4 Gf_ﬁl.".l-""g - 4 Glﬂ-‘rl’;‘g >4 Ge‘l.-"lf'ﬂg

Table 1: Definition of the nineteen signal regions. The jet |n|, pr and multiplicity all refer to the R = 0.4 jets. Composite jets with
the larger radius parameter I = 1.0 are used in the multi-jet + M ':T stream when constructing M :7 A long dash *— indicates that
no requirement is made.
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ATLAS JHEP10 (20413) 130

» Most sensitive search region

~ o~ -0 ~ ~
g-g, g— tty.; m(t)>>m(g)

The SR with the best expected CL,

value for each of the
interpretations. Each letter
corresponds to a signal region as
follows

A: j50 SRs of the flavour stream,
B: j80 SRs of the flavour stream,
C: 8j50 and M,*>340 GeV SR,

D: 8j50 and M,*>420 GeV SR,

E: 9j50 and M,;*>340 GeV SR

F: 9j50 and M *>420 GeV SR,

G: 10j50 and M *>340 GeV SR,
H: 10j50 and M,*>420 GeV SR.

32
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ATLAS-CONF-2013-047 details

» Search regions:

Channel
Requirement A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)
L | M M| T M | T - L M| T
Emis[GeV] > 160 Search region with best
‘ 3 T
Pijn) [GeVl > 130 expected sensitivity:
pr(j2) [GeV] > 6o &g production, §— Tt — ctf’
: : &g production, g— tt — cty
p1(js) [GeV] > — 60 60 60 60 < 1000 L L —— L L
(js) [GeV] > - - 60 60 60 © : — All limits at 95% CLg
s : O - ATLAS Preliminary o e
pr(js) [GeV] > - - - 60 60 'E; 900 — J' 4= . 7
G 1GeV ] > B B B - o0 - Ldt=20.3 f? , (5=8 TeV ]
AdGet, EN=) > || 0.4.G = {1,2,(3ifpr(j3) > 40 GeV))) 0.4 (i = {1,2.3)), 0.2 (pr > 40 GeV jets) 800 - 0-lepton combined =
: , F === Observed limit (+1cy..") ]
EZ [ (N j) > 02 | - 0.3 0.4 025 | 0.25 0.2 015 | 02 | 025 00 T  Em Em E E B ]
meg(incl) [GeV] > || 1000 | 1600 | 1800 | 2200 1200 | 2200 | 1600 || 1000 | 1200 | 1500 = === Expectedlimit (£10,) ]
(a) For SR A-medium the cut on ET* /m.q(N j) is replaced by a requirement EX™*/ «/Hy > 15 GeV'/2, 600 — & Et Et __
500 | Bt
400 —
300 [~ o
200 - ! I ct
4 Cm Cm Cm By B o 7
| | | | | | | | | | | | | | | .'I | || | | | |_
400 600 800 1000 1200 1400
m, [GeV]
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CMS PAS SUS-13-012

High jet multiplicity

» Veto leptons, look for very

high jet multiplicity from 4

Events

hadronically-decaying W’'s

» Selection:

Bins of jet multiplicity

[3-3], [6-7], [>
Bins of MET, HT

=8]

(no b-tagging in this search)

» Interpretation in natural
SUSY topology (4 tops) in

progress....

34

CMS

CMS Preliminary, 19.5f", ys =8 TeV
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CMS SUS-13-011, submitted to EPJC, arXiV:1308.1586 CMS

Signal Simulation in CMS

Compact Muon Solenoid

» Signal Monte Carlo samples generated with Madgraph with up to 2 additional partons

Studies done using Z+jets and ttbar+jets control samples to quantify agreement of ISR radiation in data and
MC

»  Correction to/uncertainty on p; spectrum of gen-level SUSY system derived from these comparisons
Correction from 0-20%
Uncertainty from 0-20%

» This (conservative) procedure allows us to interpret our results even in regimes where the boost of the
SUSY system from ISR is important

cMS \s=8TeV, [Ldt=19.5fb" cMs \s=8TeV, [Ldt=19.5fb"

o o 14 4'_
1.2 ]
3 3 ety + n
o 5 08l * Hﬁ
O =] 0.6 —]
> LI I LA L T > El LI | LA I IIIIIIII I IIIIIIII I LI | T | LI l LA IE
8 ee/pu Combined -e data 8 - eu Events e data =
o +1- [(1Z+jets o B . - .
8 Z2 1+l B S 4tk ttbar—>dilepton Bt <
0 mwWz 0 g Bsingle top 3
o o - - ]
= mzz E Hiv ]
T [0 Rare &0 10 = E
107 E
10 =
1111 I | -l I 1111 I 111l | 1 (] | L1l I 1111 | 11 | - | E
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p,(iet system) [GeV] p,(iet system) [GeV]
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» o variable very effective at QCD rejection ar =

/‘ PLIPE

CMS SUS-12-028

Search using Jets+a;

/

) SUSY
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Ep? /By
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P é-g production
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10

1

Inclusive search, binned in:

Many interpretations in squark and gluino production models ok

»

H, jet multiplicity (2-3, 24), n b-tags

11.7 fb'1: EPJC 73 (2013) 2568

36

For multijet events,

\/2(1—005 Adgig,)

Randall, Tucker-Smith
PRL 101 221803, 2008

| CMS, 11.7 6", Vs = 8 TeV

J. Thompson, Cornell
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