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Supersymmetry

Standard particles Supersymmetry particles
New fundamental, broken, symmetry ® @@ © @ ) @G @
: Up Charm Tau Gluon Gluino
o provides super partners to standard model (SM - | I
prov per p M) @ @ @ ® 06 ©
part|C|eS Down Strange Bottom Photon Photino (\)
o assigns a new fermion (boson) to every SM boson Qo Mo T‘ e W) (%) (%) gz) Higgsino
(fermlon) neutremo nzno neutrino boion Aora ( ,_
. . . . @@
Theoretically attractive, since It; lecaron Koo T‘ Wbe T Wino
> stabilizes the mass hierarchy problem : ﬁ‘;j;":s ~ §;‘e';;";
@ Force particles () Neutralinos & Charginos

o facilitates grand unification theory
o provides a good dark matter candidate
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SUSY with opposite sign dileptons

Final states with opposite sign dileptons can occur in both strongly or electroweakly produced SUSY decay
chains involving W/Z bosons and/or sleptons

Our search targets two opposite sign same flavour leptons, jets and high missing transverse momentum, Ex™**
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SUSY with opposite sign dileptons

Final states with opposite sign dileptons can occur in both strongly or electroweakly produced SUSY decay
chains involving W/Z bosons and/or sleptons

Our search targets two opposite sign same flavour leptons, jets and high missing transverse momentum, Ex™**

GMSB (gluino induced):

o some jets

miss
o large Et

o two leptons originating from an on-
shell Z boson
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Final states with opposite sign dileptons can occur in both strongly or electroweakly produced SUSY decay
chains involving W/Z bosons and/or sleptons

Our search targets two opposite sign same flavour leptons, jets and high missing transverse momentum, Ex™**

GMSB (gluino induced):

o some jets

miss
o large Et

o two leptons originating from an on-
shell Z boson

Slepton (sbottom induced):

</

</

/

some jets
large E1

either a cascade decay of a Neutralino
and a slepton resulting in two opposite
sign leptons, kinematic edge in m,

or an off-shell Z boson giving two opposite
sign leptons
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SUSY with opposite sign dileptons

Final states with opposite sign dileptons can occur in both strongly or electroweakly produced SUSY decay

chains involving W/Z bosons and/or sleptons

Our search targets two opposite sign same flavour leptons, jets and high missing transverse momentum, Ex™**

Py
b s 0 -
7 2
b 6
Py

GMSB (gluino induced):

o some jets

miss
o large Et

Slepton (sbottom induced):
o some jets
o large E1 o

o elther a cascade decay of a Neutralino
and a slepton resulting In two opposite
sign leptons, kinematic edge in m,

o or an off-shell Z boson giving two opposite
sign leptons

o two leptons originating from an on-
shell Z boson

EWK (Chargino/Neutralino induced):
o some jets

miss
o large Eg

o 2 leptons from the Z boson
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SUSY with opposite sign dileptons

This analysis is done using LHC Run |l data recorded in 2016 corresponding to an integrated luminosity of 12.9 fo

Results were presented for ICHEP in August 2016, new developments for the analysis are made to target a publication by March 2017.
miss

Baseline selection of 2 opposite sign same flavour leptons (p125/20 GeV) , Ey  >150 GeV, at least two jets
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SUSY with opposite sign dileptons

This analysis is done using LHC Run |l data recorded in 2016 corresponding to an integrated luminosity of 12.9 o

Results were presented for ICHEP in August 2016, new developments for the analysis are made to target a publication by March 2017.

MmIsSS

Baseline selection of 2 opposite sign same flavour leptons (p125/20 GeV) , E;

>150 GeV, at least two jets

(Inclusive m:

o model backgrounds and signal
with shapes

o fit signal and background
\_

~

J
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SUSY with opposite sign dileptons

This analysis is done using LHC Run |l data recorded in 2016 corresponding to an integrated luminosity of 12.9 o

Results were presented for ICHEP in August 2016, new developments for the analysis are made to target a publication by March 2017.
miss

Baseline selection of 2 opposite sign same flavour leptons (p125/20 GeV) , Ey  >150 GeV, at least two jets
(Inclusive m: \
o model backgrounds and signal
with shapes
A fit signal and background Y
édQE/ Off-Z: \ plot from N. Mohr (thesis) | /™ e
- search for a kinematic edge in the m, S e
spectrum 2
o main background ttbar o
\N'E

o Signal regions:

-t
o
TIT7T

o
TTErTT

)
|

o low and high m;
\ o ttbar and non ttbar-like J B B e e a w R
Invariant mass [ GeV ]

All possible mass endpoints calculated
in CMS IN 2006/012, L.Pape, e.g. for a
3-body: Mﬁnam = Mx — M,

10
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SUSY with opposite sign dileptons

This analysis is done using LHC Run |l data recorded in 2016 corresponding to an integrated luminosity of 12.9 o
Results were presented for ICHEP in August 2016, new developments for the analysis are made to target a publication by March 2017.

MmIsSS

Baseline selection of 2 opposite sign same flavour leptons (p125/20 GeV) , E;

>150 GeV, at least two jets

</

A

(Inclusive m:

model backgrounds and signal
with shapes

fit signal and background

~

J

/ Edge/Oft-2:
o search for a kinematic edge in the m;

o Signal regions:
o low and high m;
\ o ttbar and non ttbar-like

spectrum
o main background ttbar

<

plot from N. Mohr (thesis) | %™ iyt
. 0.01596 = 0.00158
OGaus 3.598 + 1.335
LU 62.57 = 1.00
mass_edge 63.86 + 0.98

Entries / 5 GeV
& &8 & 3

IEP ARBREREBEEEEREEEEREEEE R

-t
o
TIT7T

J

1\

'
o
TTTLITT

Invariant mass [ GeV )

All possible mass endpoints calculated
in CMS IN 2006/012, L.Pape, e.g. for a
3-body: Mﬁnam = Mx — M,

On-Z:

o search for an excess in the E+

mass window
/

—| « main background ttbar + DY

Qﬂ” in81-101 GeV

miss

~

tails In the Z

J

11
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History of the analysis: Edge/Off-Z

~ ~ CMS excess in Run | No excess in the first Run |l data...
Reminder: .,CMS 19.4 fo (8 TeV) 221" (13 TaW)
. :"I';'i'i""l""l""l""_ >300_ [ ' ' [ '.I .' | ]
The Edge/Off-Z part of the analysis @ |~ — Data E & L eMs Gontal signalregion _
predicts a kinematic edge in the wo- | — Background - = 2501 Towlbackgrounds
invariant mass of the two leptons St DY (data-driven) 2 200 3 Totaluncert. _
O B | () d 8 TeV signal fit:
k J 0 120: - SyS @ Stat. _: Lﬁ B ' —— m; = 300 GeV hypothesis 7
To) u i 150— Chea okl 0 e m. = 500 GeV hypothesis ~ —
B 100 | | e . e m; = 700 GeV hypothesis _
_ £ T 100 —
Ps S >0 . B
PR ; e )|
/ 2 X1 :g
_ ~ ¢ ___-- X 2 2
b 2(* ? 1.5
P, g
f S 05
b ol

In the LHC Run | CMS reported an excess of 2.6 sigma at an invariant mass of /8 GeV
This could not be verified with the first Run |l data collected in 2015

12



Leonora Vesterbacka
PhD Seminar 24/11-2016, ETH ZUrich

ETH:zurich
History of the analysis: On-Z

In the LHC Run | ATLAS reported an excess of 3.0 sigma, and in the first Run Il data collected in 2015, an excess of 2.2 sigma

_l]lTl]llIIl'l]lllllTllllllITIIIITIIYIIL

- ATLAS it

“u Standard Model

[ s=8TeV,20.3fb" [ | Flavour Symmetric ]

i [ | Other Backgrounds -
iz @@ 1 1D flusecoe m(g)41=(700,200)GeV_

----------- - m(g)41=(900,600)GeV -

S

fReminder: A

The On-Z part of the analysis 8| :
targets an excess in the Z of- i :

.................

Events / 2.5 GeV
o

—
o

----------

SErssnnnne
-----------------

mass window in E{™® tails o SR T CERAIR o s ORENG

S i
W 2, 10 00 PP
----nme&a&lé’.{é@ LU W W = 2.2 e v v AL

82 84 86 88 90 92 94 96 98 100
m, [GeV]
CMS tried to confirm this excess with the first data of Run Il in the ATLAS Run | signal region without luck..

CMS Prellmlnary 22" (13 TeV)

S wb . ——data |
& I MET Templates -
2 [ ] FS background
:>j 10? I Other SM —
£ p (lep, )+ H_>600 GeV -

AG(ET™, (jet, ) > 04 7

10§ N §

Eg 1.i_ ..................... ‘i _____________ ? ____________________ %\\ \\I}\\ ________________ _
805 _
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>

3
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P
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SRZ ee+up

]ll1lllllllIITll[l_

4444 Standard Model (SM) _|
- Ziy* (fromy+jets)

|:| Flavour symmetric )
D Rare top N
[ wzzz .

—— m(§;)=(920,230) GeV -
....... m(G7,)=(940,660) GeV

.......

82 84 86 88 90

92 94 96 98 100
m, [GeV]
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Background prediction

rC)n—Z: w

o ~50% Z+]ets, predicted using Er ™ templates

o ~50% flavour symmetric backgrounds (e.q. ttbar)
Edge/Oft-£Z:

o ~98% flavour symmetric backgrounds (e.q. ttbar)

MmISS

- /

Ermiss template method:

well- ! r well- |
measured ! measured ,
L I

photon + jets

NG

Flavour symmetric backgrounds (e.g. ttbar):

<o

relies on the flavour symmetry of the W decay
(#SF ~#OF events)

o SF signal estimated from OF control sample

o correct for different trigger, object and
reconstruction efficiencies

Z+]ets background:

</

o/

=188 0 Z =l is mainly from jet mismeasurements
and detector effects

Use the fact that the ET™° in y+jets events as in Z— |l
events

Rare processes:
> processes with real Ef™® from neutrinos are taken

directly from simulation (WZ, ZZ, ttZ)

14
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Run |l developments: Edge/Oft-Z

Background rejection:
In the edge/off-Z counting search, ttbar is ~the only

background.
Top likelihood class

Ification:

o Use four characteristic ttbar variables:

> dR between the leptons, di-lepton pr, ET™S, sum of the

two m|b's

o Extract these events in data by selecting opposite
flavour leptons (~100% ttbar)

o The NLL variable is detined as -2log(L

o where the i

Kelihood Is the product o

from the fol

r ttbar pdf’s

This NLL allows us to bin in ttbar efficiency

o ttbar like (95% etficiency) and non-ttbar like (5%

efficiency)

ikelihood)

Diagram of a fully leptonic ttbar process:

Diagram of a signal SUSY process:

" the probabillities
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Results: On-Z ATLAS region

Run | and 2.2 sigma in Run |l (2015)
o Two background prediction methods are used to attempt to verify this excess

ATLAS reported an excess of 3.0 sigma in

> The Er™ss templates show good agreement between predicted and observed: 44 + 8 vs. 51

ATLAS has also recently published a paper with 2016 data where they report no excess

12.9 b (13 TeV)

5> S e S B L B L B B B S =
8 ) —4— Data
"‘Nj 10 - MET Templates 3
E FS background -
c 3 ]
L%) 10 I other sM =
e Z pT(IeElﬁ?s): l._lT > 600 GjV -
(E™, (et, ))> 0.
10 ] Njets 22
1
c 2
B —
m ........... —
DL_ OS__IIIIII lllll

0 50 100 150 200 250 300 350
ETSS [GeV
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Interpretation

Off-Z/Edge search: direct sbottom production

CMS Preliminary 129" (13 TeV)
; pp—bb, B—ﬁib, )ZZ—)TI/ZZ?, T—ﬁ(:l; m_,= 100 GeV _Z 1 EI
8 1000 m;= 0.5(m j+ m_.); NLONLL exclusion ] &
= | e * Expected limit, +1(2) o, 1 ©
Cz’xm Observed limit, 10, i CC)
£ 800 3] =
B \ - g
! § { - %

| - ;= 100

600 13108
: 7 Q.
! A A =
- / :l. Ill 7] _ —I
400 Sl ©
n K , nl O
| "' y 4 ] o\
’0' ,"' ; " LO
— .’.. . . 7 @

200 -

L | 1 | I | AT MR 1 0—2
500 600 /700 800 900
m [GeV]
b

On-Z general search: GMSB gluino production

CMS Preliminary 129" (13 TeV)
| p— | ~ o~ o~ ~ ] 1 | p— |
> PP =99 9= 2 +xx° = ZG; m. =1 GeV ] O
8 1800) NLo 4 NLL exclusig?i 1 1 @ 1 Q
......... xpected limit, + 1o :
';' 1600 Observed limit, + 1 G?;(Z;)ry s g
9 g 1 -
S 1400 — ©
= O ‘ = 10‘1-"5
ox,- 1200 — ; -4 1 =
L { I — S
P : 14 4 O
1000 z 1 8
800 — S5
5 1 41071
o001 ; - 0O
- ; il o
400 i . §
200 : co e | I—‘r‘l——l:iﬂ“ g I I A A A A |_‘rb| 10—3

1100 1200 1300 1400 1500 1600 1700
gluino mass [GeV]
q

CMS,
=

| N
T8 \

On-Z EWK search: Chargino-Neutralino

CMS Preliminary

129" (13 TeV)

-Q- i 1T T 1 I I +I IOI I [ 0I T 1 I 1T T 1 | T T 1 | [ I_
“@105. pp — %, %; M(X,) = 0 GeV _
N\ oo Z+ 20, 7 WE 0 .
2 17 ™M 1 ]
A — Observed 95% CL __
10 S ---- Expected 95% CL S
- =+ 1 s.d. expected range 1
- []* 2 s.d. expected range
i Il Theory ]
10° = =
102 E_ ................. _:
11 ] ] | L1 1 1 | 11 ] ] | L1 1 1 | ] ] ] ] | 11
100 200 300 400 500 600
~ ~+
m(%,) = m(t;) [GeV]
/
~0
- - ~0
Py X2 = X1
P1 ~+r i @ge=——"" )~(O
X1 !
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Outlook: Analysis adaptation for full 2016 data

> The results presented above were obtained using 12.9 fb™ of data

> Now the analysis needs to be adapted to account for the full statistics obtained in the 2016 (~35 fb™")

o Include new baseline cuts to reduce backgrounds
o reoptimize signal regions to maintain or improve sensitivity
o Include low cross section signal models

18
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. 0 Work in Progress
New baseline selections A
o 104§
MTZ: g o
: : : : : 102
The M5 is a generalization of the transverse mass tfor decay chains with two unobserved
. 10
particles
: 1
> gives My < E7 ' for SUSY events and My, = 0O for multijet-like events .
o Very efticient to reduce e.qg. ttbar background e
(U% 15_ .............................................................................................................................................. —
¢ Mr, > 80 GeV proposed as a new baseline cut 1 _
0 20 40 60 80 100 120 140 160 180 200
My, [GeV]
40.0 fb' (13 TeV) 40.0 b (13 TeV)
: 2 - o g Daa S 2 - S g Daa
i MmIssS - g 10* = § ingle-top = g 10* = B Single-top =
A¢(Jet1,2’ET ): - é 103; E"}’“- o _ é ol Ett¥~= - _;
A cut on the angle between the jets and the Er " reduces & .t — PR 2§ F — Pl Rt 2
backgrounds from mismeasured jets, e.g. Drell-Yan 10 Work in Progress _ 1ol Work in Progress
- Ad(jet, ,,Er"") > 0.4 proposed as a new baseline cut | ‘
! 107! 107
c 2 c 2 ——————————
mg 1_5_ .............................................................................................................................................. — (Ug 1_5_ .............................................................................................................................................. —
S 1 TS 1
c‘:-‘_’ (05 | _ ;‘:’ 05 v _|
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
do(jet, ET™) do(jet,, ET™)
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On-Z new signal regions

|
o IM;— M.l <5 GeV (NEW) to reduce FS backgrounds P .
> Mo (NEW) to suppress ttbar I oo G
> 3" lepton veto (NEW) to suppress WZ and ttZ %/ éﬁé‘» X1 hgt Z
o Veto leptons that pass either veto lepton from //\Q;‘; - %, g Z
multilepton analysis OR isotrack from MT2 analysis "“ " "~ G
- Lowest signal region starts at E{™**> 100 GeV P d q
o Binning in Hy, njets and btags (NEW) q
OLD binning NEW binning NEW binning
Niws  2-3Jets > 4jets
Hy >400 GeV No Cut Njets 2-3 4-5 > 6 Njets 2-3 4-5 > 6
ATLAS SR (Hr+pt1 + p12 ) > 600 Hy >500 GeV  No Cut H+ >200 GeV  No Cut

GeV and Ef™ss> 225
GeV MT?2 > 80 GeV MT?2 > 100 GeV

20
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Edge new signal regions :
0+
With the full dataset new binning needs to be 1 -
introduced to keep the sensitivity z <
« E1Mss > 150 GeV . " XY 7N 0
* New cut on M2 > 80 GeV and binning in my //// - ﬁl)
» Proposition: T~ __ __-- Xi
» Signal Regions with 7 mass bins [20-60, 60-86, b Z{*\'\V f
96-150, 150-200, 200-300, 300-400, 400+] and ttbar P,
and non-ttbar like classification as signal regions f
* Include the region with the 3 sigma deviation we had b
at ICHEP
OLD binning NEW binning + Mt2 > 80 GeV
mu [GeV] <81 > 101 mu [GeV]  20-60 60-86 96-150 150-200 200-300 300-400 400+
ttbar ttbar
non-ttbar

non-ttbar

21
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EWK SUSY searches
o = -\I?V\z]lets
EWK targeted search: ; . Ei, )

o The On-Z search can be extended to target electroweakly produced SUSY, ;
.e. LSPs produced in association with WZ, ZZ (NEW) and HZ (NEW)

> The previously optimized cuts (Ad(jets, ET™%) > 1) to reduce Z+jets for WZ o |
Sgnal a blt tOO aggreSS|Ve 0_I | -»200[ | I400 600 800 1000 1200 1400

dphi mjj
> New cut proposed to reduce Z+jets = WS -
o mj < 110 GeV (where the mjj is made with the jets closest ). OO B0 B0 o2 atw

4 h

‘fo,» , ,
~0 _ // _ //
X2 .. €--__ P B %! “ o P, %! “ - e
__ 0 [P - A . - A
5@: ﬁ{;; X1 Py % ' ﬁ:k;\ G Py % ﬁ:\\ G
W
Z Z

22



Leonora Vesterbacka

m Z U [’ [C h PhD Seminar 24/11-2016, ETH Ziirich

Summary

A search for Supersymmetry using opposite sign di

NG

leptons was motivated and presented

o The results presented were obtained using data recorded with the CMS detector at 13 TeV in the first half
of 2016 (12.9 fb™"), published in CMS PAS SUS-16-021 for ICHEP

o> New developments have been implemented for the Run Il data taking to improve the analysis and

facilitate potential discoveries
o Run | excesses reported by ATLAS and CMS
o without luck, the observed events agree we

nas been attempted to verity

| with the standard model expectation

o limits have been set on the masses of the sparticles produced in the three targeted SUSY models

o New developments of the analysis have been

done to account for the full set of data collected in 2016

o A paper is planned to be published with the full Runll dataset by March next year

23
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Backup
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Results: Edge/Off-Z

Pertorm a fit on the baseline selection on the invariant mass spectrum

> simultaneous fit OF+SF for ttbar
o best fit at 132 GeV (148 + 80 events)

The Off-Z counting shows disagreement

o In one signal region

> 3.1 sigma local

ttbar-like

non-ttbar-like

12.9fb™ (13 TeV)

| Preliminary

Events / 5.0 GeV

I
+ Data

—— FS background |

Signal Region -

T 200 300 400 500

CMS,

A

2
\

P
T \

! | | |
B C M S + Data
| Preliminary a
—_— Fi
----- signal

Events / 5.0 GeV

12.9 o™ (13 TeV)

--- Drell-Yan background

----- FS background

Signal Region -
me9% = 132.0722 GeV —
fitted N&*° = 147.6 +78.9 -

7300 400 500

m, [GeV]

f ..... HH ....... ...... * ..... } ..... % H.l_
SR

T T :|2I.9I flb-l1 (I1I3 I-I-?VI) T T

T T I12I.9I flb-l1 (I1I3 I-I-?\() T

pred. FS
pred. DY

mll < 81 GeV
pred. total

obs

1374.4 = 48.1
13.5 = 4.6
1387.9 == 48.3
1417

105.8 =10.9
7.3 £ 2.5
113.1 = 11.2
135

Events/ 15 GeV

pred. FS
pred. DY

mll > 101 GeV
pred. total

obs

24358 = 72.2
7.6 £ 2.6
24434 = 72.3
2347

212.4 = 15.7

208.3 = 15.7

285

-e- observed data

— predicted

Events/ 15 GeV

L1 1\‘\‘&|\‘\| PRI N T l‘\\l\l | A R AR N

-e- observed data

— predicted

11 1

150 200 250 300

m, (GeV)

l
200 250 300
m, (GeV)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
DRSSO e e el
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Njets/ Hr Npsjets ET"° (GeV) Predicted Observed

100-150 169.6 7122 177
. SRA 0 150-225 43.6 773 45
Results: On-Z =w W
" 2-3 jets > 300 15.0 F48 23
100-150 77.2 137 87
150-225 40.0 73 34
and Ht > 400 GeV > 1 '
: . 225-300 12.0 139 22
The On-Z results show good agreement in all signal - 300 115 5 1
reg IoNs 100-150 1263 1125 122
SRB 0 150-225 39.5 *7¢ 45
225-300 11.7 739 11
> 300 5.7 153 7
100-150 240.8 1187 238
> 4jets 150-225 81.2 T3%7 99
The EWK targeted search show good agreement ’ >1 O R
between predicted and observed events > 300 7243 7
ATLAS - SR:
Hr +pr “4+pr 2 > 600GeV  Ef™ >225GeV  Adpmiss ;> 04 44.1 153 51
MET region 150 — 225 GeV  225-300 GeV > 300 GeV o o 129107 (13 TeV)
S 10°-CMS — -
Other rare 1.53 = 0.79 0.80 = 0.45 0.40 = 0.23 @ B er rares
WZzZ 7.01 = 2.16 267 =085  2.61 =0.84 =
4 4.20 = 1.98 260136  2.03 =1.08
DY prediction | 18.28 4= 2.91 4.69 £+ 2.32 2.73 £1.56
tt 391 £1.36 0.50 4= 0.27 0.10 = 0.11
Total bkg 349 = 44 11.3 29 79 = 2.1 | . T
Ob serve d 45 1 5 7 %;;;_ s .:
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Results: Run | CMS legacy region

CIVIS Run | excess signal region kept for verification

mISS

W/

mISS

100 GeV if > 3
150 GeV it > 2

> Results in numbers:
o Observed: 2170
o predicted: 2053 +- 68 (1.4 sigma local significance)

jets (central leptons)
jets (central leptons)

Events /5 GeV

Data
Prediction

400

300

200

o —h
o 1 . o, N

12.9 fo” (13 TeV)

1 | 1 I | |
Legacy signal region

Data

~ CMS

Preliminary ¢

Flavor symmetric

coio_ . [} Drell-Yan i

| [ ] Total uncertainty

L7 Scaled 8 TeV signal fit:
m. = 300 GeV hypothesis -
m. = 500 GeV hypothesis

------------- m. = 700 GeV hypothesis B
100 N
| I
80 100
m, [GeV]
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Top likelihood classification

o The four characteristic ttbar variables used as input in the NLL variable:

o d
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Top likelihood classification

— 2R (13 Te

8 rrr—
~
= 03
i — data - .
§ozs —i g 3
e OF
g o2 9. 900200 :
a zloorzso .
0.15 i &m :
0.1
0“ " -
<‘“0“
0™200 300 000- SO0 600 700 800 S00 1000
ME, (GeV)
2
8 15 1 ) -l
£, e — _
‘ Lo e
o1
80.149%?"““" . I I[-Ob'("GTQ‘V)'

’

...0 ® = *
2 MRS M T

l - . l'

e

0 05 1 1.5 2 25 J
Ao
2
15 T“l 0?
1
aspt T e
% LX) i s T b1

10®'(13 TeV)
v |  § v ‘:
— Cata - T
. i
- bar SF 1
e s OF e
59 5004400 3 > A B L I
$9. 400375 : Q |
Data : o ;
° -
™ .
g 08}
1000 w -
p' (GeV) 06
2 -
8 15 N - -
g o; b 1% -
>
e e T 0.4
03 S 107" (13 TeV) 02}
8 b 1 ] d - b - b | - o - - 1 -
8 [/ ; )
_\ 025; P
7 % 2 4 18
8
g 2
Q 1.5
z os e :
B T

_1.0fb" (13 Te

»
o LI

L N
"A.AAlLlAlA

[YYYTYY 'IYYY

LLLllLLlLLLlLlLl;LL

lALLlLAA

-
K
-
-

A LLLL A

18 20 22 24 26 28 30

<
=

-> e o0 00000 ->

29




ETH-urich
Fits
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Fitted shape for backgrounds containing a Z boson for dielectron and dimuon events. The fitted shape consists of an exponential
(green) and a Breit-wigner convolved with a double-sided Crystal-Ball (red), whose sum (blue) describes the backgrounds containing a
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Mo

fThe M2 is a generalization of the transverse mass for decay chains with two unobserved particles \
o Division of events into two massless pseudo jets
o M_(m)= min max(M‘” M‘Z’)]

T7°T
p$(1)+p$(2) pTrTuss_

© this gives Mt < Ef""** for SUSY events and Mr> — 0O for multijet-like events

o |If all masses are known, M2 will have an endpoint at the parent mass (~Mr)
& Very efficient to reduce ttbar and other backgrounds J

3,

Events /8 GeV

-
o

1')

ork m. Progress

D 40 60 80 1001201401601802(!)
MT. (GaW)

31



ETHZzurich
RsF/ioF

direct measurement
MEr 50-100, == 2 jets

RSF/OF =

Data 1.090+0.023
MC 1.10140.003

Nee Nor Ree/OF £ Ostat

Data | 1822 | 4495 | 0.405+0.011
MC | 1930.2 | 46494 | 0.415+0.001

le Nor Rm:/OF + Ostar

Data | 3079 | 4495 | 0.685+0.016
MC | 3190.2 | 46494 | 0.686+0.003

SF/OF

05

SF/OF

05
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Data MC

weighted avarage

from factorization method

from direct measurement

1.096+0.076 1.083+0.073
1.090+0.024 1.101+0.003

- 1.091+0.023 ; 1.101+0.003
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SUSY with opposite sign dileptons

This analysis is done using LHC Run |l data recorded in 2016 corresponding to an integrated luminosity of 12.9 o
Results were presented for ICHEP in August 2016, new developments for the analysis are made to target a publication by March 2017.

MmIsSS

Baseline selection of 2 opposite sign same flavour leptons (p125/20 GeV) , E;

ﬂ fit signal and background

>150 GeV, at least two jets

(Inclusive m:

o model backgrounds and signal
with shapes

~

PAN

ﬁdge/Off-z:

> search for a kinematic edge in the m, spectrum

o main background ttbar

> Signal regions:

o low and highm,

o ttbar and non ttbar-like

- CMS Run | excess signal region kept for verification:
o By . 1100 GeV it > 3 jets (central leptons)
o B 1150 GeV if > 2 jets (central leptons)

\

2 I ndf 10.95/9
Prob 0.2794
a 0.01596 = 0.00158
OGaus 3.598 =+ 1.335
Mewt 62.57 = 1.00
mass_edge 63.86 + 0.98

~

plot from N. Mohr (thesis)

Entries/ 5 GeV
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Invariant mass [ GeV )

-
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-
-
j = 'l | l I 'l 1 l 1 'l A I A 'l 1 l e

All possible mass endpoints calculated
in CMS IN 2006/012, L.Pape, e.g. for a
3-body: erlna:z: = Mx — M,

On-Z: |

/\Jsearch for an excess in the ETmISS tails in the Z mass window
o main background ttbar + DY
_—~ m,in81-101 GeV
o General search signal regions:

o 2-3jets and H; > 400 GeV

o >4 jets

o or (Hi+p4; + Py, ) > 600 GeVand E; > 225 GeV

o EWK search signal regions:

o M;, >80 GeV and A¢(jet,, E;

miss

) > 1

e > 1.4'et
miISS
o By 11580 -225 GeV or 225 - 300 GeV or > 300 GeV

¢ ATLAS Run | excess signal region kept far verification:

~

/

33




Leonora Vesterbacka

ETH-urich

Systematic uncertainties for the signal
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Source of uncertainty Uncertainty (%)
Luminosity 6.2
Pileup 0-3
b tag modeling 0-5
Lepton reconstruction and isolation 7
Fast simulation scale factors 4-5
Fast simulation MET uncertainty 1-10
Trigger modeling 5
Jet energy scale 1-5
ISR modeling 0-10
Statistical uncertainty 19
Total uncertainty 12-16
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Objects and triggers

12.9 fb of 2016 data

‘standard’ muons and electrons
special in this analysis: veto crack region |eta| from 1.4 - 1.6
medium Muon ID, minilso < 0.2
electron MVA ID, minilso < 0.1
pmi > 25, pr2 > 20 GeV, select the hardest pair

corrected jets and type-1 MEr with V6 JECs
jet-pr > 35 GeV
b-jet-pr > 25 GeV for b-jet veto

plethora of di-lepton triggers, isolated and non-isolated
trigger efficiency measured in JetHT




