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•  IntroducEon:	
  
•  SUSY	
  
•  R-­‐Parity	
  
•  ATLAS	
  SUSY	
  Search	
  Strategy	
  

•  The	
  Analysis:	
  
•  Overview	
  
•  Target	
  Models	
  
•  Event	
  SelecEon	
  
•  Background	
  EsEmaEons	
  
•  Expected	
  Reach	
  

•  Summary	
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•  SUSY	
  =	
  global	
  symmetry	
  between	
  
fermions	
  &	
  bosons	
  	
  
•  all	
  SM	
  parMcles	
  have	
  SUSY-­‐partners	
  with	
  

spin	
  difference	
  of	
  ±1/2	
  
•  SUSY	
  has	
  to	
  be	
  a	
  broken	
  symmetry	
  

(superpartners	
  heavier	
  than	
  SM	
  parMcles)	
  
•  TheoreEcal	
  moEvaEon	
  	
  

•  Higgs	
  mass	
  stabilizaMon	
  against	
  loop	
  	
  
correcMons	
  (fine-­‐tuning	
  problem)	
  

•  unificaMon	
  of	
  gauge	
  couplings	
  at	
  single	
  
scale	
  

•  dark	
  maZer	
  candidate:	
  	
  
Lightest	
  supersymmetric	
  parMcle	
  (LSP)	
  	
  

Supersymmetry	
  (SUSY)	
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R-­‐Parity	
  

bilinear	
  terms	
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ATLAS	
  SUSY	
  Search	
  Strategy	
  

SUSY	
  events	
  in	
  our	
  data?	
  
	
  

•  Define	
  Signal	
  Region(s)	
  (SR):	
  set	
  of	
  cuts	
  (on	
  EtMiss,	
  jet	
  mulMplicity,	
  etc)	
  that	
  favour	
  signal	
  over	
  
background	
  

	
  
	
  
	
  

•  Background	
  events	
  
	
  	
  	
  	
  	
  	
  in	
  our	
  SR?	
  
	
  
	
  
	
  
	
  
	
  
•  Discovery/Exclusion	
  fit:	
  

•  CLs	
  exclusion	
  limits	
  or	
  discovery	
  

Minor:	
  MC-­‐only	
  esMmaMon	
  
	
  
	
  
	
  

	
   	
  semi	
  data-­‐driven	
  
	
  
	
  
Major:	
  
	
  
	
  

	
   	
  	
  	
  	
  data-­‐driven	
  

ü  Define	
  Control	
  Regions	
  (CR):	
  
negligible	
  signal	
  

ü  Normalise	
  MC	
  to	
  match	
  data	
  in	
  CR	
  
(obtain	
  transfer	
  factor)	
  

ü  Apply	
  transfer	
  factor	
  to	
  MC	
  
esMmaMon	
  of	
  SR	
  bkg	
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Overview	
  

•  Search	
  for	
  SUSY	
  in	
  events	
  with	
  a	
  leptonically	
  decaying	
  Z,	
  jets	
  and	
  ETmiss	
  

•  Use	
  20	
  [-­‐1	
  of	
  8	
  TeV	
  ATLAS	
  data	
  
•  Update	
  of	
  Conf.	
  note	
  ATLAS-­‐CONF-­‐2012-­‐152	
  (5.8	
  d-­‐1	
  @	
  8TeV)	
  

•  Target	
  models:	
  
-  General	
  Gauge	
  MediaMon	
  (GGM)	
  
-  bilinear	
  RPV	
  SUSY	
  (bRPV)	
  

•  Three	
  Signal	
  Regions	
  defined:	
  
-  one	
  for	
  high	
  µ	
  values	
  in	
  GGM	
  
-  one	
  for	
  low	
  µ	
  values	
  in	
  GGM	
  
-  one	
  for	
  bRPV	
  	
  

•  Background	
  esMmaMon:	
  
-  Main	
  background:	
  Lepton	
  flavour-­‐symmetric	
  backgrounds	
  (dileptonic	
  Zbar,	
  dileptonic	
  WW,	
  

Z(ττ),	
  st	
  in	
  dileptonic	
  Wt	
  channel)	
  
	
  Data-­‐driven.	
  Use	
  eµ	
  sample	
  to	
  esMmate	
  contribuMon	
  in	
  ee,	
  µµ	
  regions	
  

-  Z	
  +	
  jets	
  (fake	
  ETmiss)	
  
	
  Use	
  data-­‐driven	
  jet-­‐smearing	
  method	
  to	
  esMmate	
  fake	
  ETmiss	
  contribuMon	
  

-  Minor	
  bkgs	
  esMmated	
  using	
  MC	
  
-  Fake	
  leptons	
  esMmated	
  with	
  matrix	
  method	
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Target	
  models	
  
•  General	
  Gauge	
  MediaEon	
  (GGM)	
  

-  RPC	
  model	
  

-  LSP	
  always	
  the	
  graviMno	
  (escapes	
  detecMon	
  
=>	
  ETmiss)	
  

-  Phenomenology	
  depends	
  on	
  NLSP	
  (next	
  to	
  
lightest	
  SUSY	
  parMcle):	
   	
  	
  	
  for	
  most	
  of	
  the	
  
parameter	
  space	
  

-  This	
  analysis:	
  	
  
-  	
  	
  	
  	
  	
  higgsino-­‐like	
  
-  Parameters:	
  	
  

-  mgluino	
  and	
  µ:	
  free	
  parameters	
  

-  M1	
  =	
  M2	
  =	
  1TeV,	
  cτNLSP	
  <	
  0.1	
  
mm	
  	
  

-  all	
  other	
  sparMcle	
  masses	
  ≈	
  1.5	
  

-  Two	
  grids	
  studied:	
  
-  tanß	
  =	
  1.5	
  
-  tanß	
  =	
  30	
  	
  

!!1
0

!!1
0

tanß	
  =	
  1.5	
  	
  

Pr
ev
io
us
	
  G
GM

	
  R
es
ul
ts
	
  

tanß	
  =	
  30	
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Target	
  models	
  
•  bilinear	
  R-­‐parity	
  violaEng	
  (bRPV)	
  SUSY	
  

-  R-­‐parity	
  violated	
  through	
  bilinear	
  terms:	
  
	
  
-  couplings	
  can	
  be	
  embedded	
  in	
  any	
  RPC	
  scenario:	
  MSSM,	
  SUGRA,	
  …	
  

-  connected	
  to	
  neutrino	
  physics	
  (bRPV	
  parameters	
  unambiguously	
  determined	
  aser	
  
fitng	
  to	
  neutrino	
  physics	
  data)	
  

-  This	
  analysis:	
  
-  “Higgs-­‐aware”	
  mSUGRA/cMSSM	
  (predicts	
  Higgs	
  mass	
  compaEble	
  with	
  125	
  GeV)	
  

-  Same	
  decay	
  chain	
  as	
  in	
  RPC	
  except	
  for	
  LSP	
  (	
  	
  	
  	
  	
  )	
  decay	
  

-  Parameters:	
  A0	
  =	
  -­‐2m0;	
  tanß	
  =	
  30;	
  µ	
  >	
  0;	
  m0	
  and	
  m1/2:	
  free	
  parameters	
  

-  BR(	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  ≈	
  30%	
  

!!1
0

!!1
0 !" + Z
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Target	
  models	
  

 
•  A0=0, tanβ =10, sign (µ)=+1 
•  Prompt decays (cτ < 5 mm) 
•  Production of ALL SUSY strong 
and electroweak processes 

SelecMon	
  (mulM-­‐jets):	
  
• 	
  1	
  lepton	
  and	
  >	
  6	
  jets	
  
• 	
  pT>25	
  (20)	
  GeV	
  electrons	
  (muons)	
  
• 	
  Jets	
  pT>80	
  (25)	
  GeV	
  
• 	
  mT	
  >120	
  GeV	
  
• 	
  ETmiss	
  >180	
  GeV	
  
• 	
  minc

eff	
  >750	
  GeV	
  

Previous	
  limits:	
  
• 	
  ATLAS:	
  1	
  lepton	
  +	
  3	
  (4)	
  jets	
  
• 	
  Low-­‐energy	
  processes	
  /	
  neutrino	
  
parameters	
  
• 	
  Tevatron	
  or	
  CMS:	
  No	
  results	
  

different	
  parameters	
  choice	
  

Previous	
  bRPV	
  Results	
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Event	
  SelecEon	
  
•  PreselecEon:	
  
	
  

•  Dilepton	
  triggers	
  ORed	
  with	
  single	
  lepton	
  triggers	
  to	
  recover	
  inefficiencies	
  
•  2	
  OS	
  SF	
  leptons	
  (electrons	
  or	
  muons)	
  

•  Leading	
  lepton	
  pT	
  >	
  25	
  GeV	
  
•  Subleading	
  lepton	
  pT	
  >	
  10	
  GeV	
  
•  Invariant	
  mass	
  close	
  to	
  m(Z):	
  81	
  <	
  mll	
  <	
  101	
  GeV	
  

	
  

•  Signal	
  Regions	
  (SRs)	
  definiEon:	
  

	
  
	
  

•  SRs	
  not	
  orthogonal:	
  
•  will	
  take	
  the	
  best	
  selecMon	
  among	
  the	
  three	
  of	
  them	
  for	
  interpretaMon	
  

Signal	
  Region	
   SR1	
   SR2	
   SR3	
  

Number	
  of	
  jets	
  >	
   1	
   3	
   4	
  

ETmiss	
  [GeV]	
  >	
   225	
   150	
   100	
  

HT	
  [GeV]	
  >	
   600	
   900	
   900	
  

Op%mal	
  for	
   GGM	
   GGM	
   bRPV	
  

	
  

Scalar	
  sum:	
   HT = pT
leptoni

i
! + pT

jeti

i=1,2
!
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Z	
  (ee,	
  µµ)	
  +	
  jets	
  background	
  	
   Jet	
  smearing	
  method:	
  

Background	
  EsEmaEon	
  

VRs	
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Z	
  (ee,	
  µµ)	
  +	
  jets	
  background	
  	
   Jet	
  smearing	
  method:	
  

Background	
  EsEmaEon	
  

•  ValidaEon	
  Region	
  1:	
  Njets	
  >	
  1,	
  HT	
  >	
  600,	
  ETmiss	
  <	
  150:	
  
•  Background	
  esEmaEon	
  agrees	
  with	
  data	
  

EsEmaEon	
  in	
  SRs	
  

Signal	
  
Region	
  

No.	
  
Smeared	
  
Events	
  

SR1ee	
   1.08	
  ±	
  0.40	
  

SR1µµ	
   0.54	
  ±	
  0.19	
  

SR2ee	
   1.46	
  ±	
  0.45	
  

SR2µµ	
   1.23	
  ±	
  0.29	
  

SR3ee	
   3.88	
  ±	
  1.28	
  

SR3µµ	
   3.80	
  ±	
  0.75	
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WW,	
  nbar,	
  Wt,	
  Z(ττ)	
  background	
  	
   Flavour-­‐Symmetric	
  method:	
  

Background	
  EsEmaEon	
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Expected	
  Reach	
  

GGM	
  tanß	
  =	
  1.5	
  ee	
  channel	
   GGM	
  tanß	
  =	
  30	
  ee	
  channel	
  

bRPV	
  µµ	
  channel	
  

 [GeV]µ
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  in	
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200 400 600 800 1000 1200 1400

 [G
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  in	
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Work	
  in	
  progress	
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Summary	
  

•  Z(ll)	
  +	
  jets	
  +	
  EtMiss	
  analysis	
  ongoing	
  
•  Update,	
  including	
  the	
  whole	
  2012	
  dataset,	
  of	
  previous	
  analysis	
  
ATLAS-­‐CONF-­‐2012-­‐152	
  

•  Good	
  sensiMvity	
  for	
  two	
  very	
  different	
  SUSY	
  models:	
  
•  GGM	
  
•  bRPV	
  

	
  

•  The	
  main	
  backgrounds	
  in	
  the	
  SRs	
  are	
  esMmated	
  with	
  data-­‐driven	
  
methods.	
  Preliminary	
  results	
  show	
  good	
  agreement	
  between	
  data	
  
and	
  esMmates	
  in	
  CRs	
  and	
  VRs.	
  

•  The	
  analysis	
  is	
  currently	
  in	
  its	
  final	
  states	
  

•  Results	
  are	
  expected	
  very	
  soon:	
  
	
  hZps://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults	
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BACKUP 
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Summary	
  
Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference

In
cl

u
si

ve
S

e
a

rc
h

e
s

3
rd

g
e

n
.

g̃
m

e
d

.
3
rd

g
e

n
.

sq
u

a
rk

s
d

ir
e

ct
p

ro
d

u
ct

io
n

E
W

d
ir

e
ct

L
o

n
g

-l
iv

e
d

p
a

rt
ic

le
s

R
P

V
O

th
e

r

MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃ ) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃ , g̃→qq(""/"ν/νν)χ̃
0
1 2 e,µ 0-3 jets - 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB ("̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ - Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007275-430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048130-220 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1 2 e,µ 2 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-065225-525 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1)<85 GeV ATLAS-CONF-2013-06890-200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025271-520 GeVt̃2

"̃L,R"̃L,R, "̃→"χ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeV#̃

χ̃+1 χ̃
−
1 , χ̃

+
1→"̃ν("ν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1
χ̃+1 χ̃

−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ - Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1
χ̃±1 χ̃

0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W χ̃

0
1Z χ̃

0
1 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W χ̃

0
1h χ̃

0
1 1 e,µ 2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 , χ̃
0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1 )=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃ , long-lived χ̃

0
1 2 γ - Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ - - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ - - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃
χ̃+1 χ̃

−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ - Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ - Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e,µ (SS) 1 b Yes 14.3 ATLAS-CONF-2013-051800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: SUSY 2013

ATLAS Preliminary∫
L dt = (4.6 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Target	
  models	
  
•  General	
  Gauge	
  MediaEon	
  (GGM)	
  

-  RPC	
  model	
  
-  LSP	
  always	
  the	
  graviMno	
  (escapes	
  detecMon	
  =>	
  ETmiss)	
  
-  Phenomenology	
  depends	
  on	
  NLSP	
  (next	
  to	
  lightest	
  SUSY	
  parMcle):	
  	
  	
  	
  	
  	
  for	
  most	
  of	
  the	
  

parameter	
  space	
  
-  This	
  analysis:	
  	
  

-  	
  	
  	
  	
  	
  higgsino-­‐like	
  
-  Parameters:	
  M1	
  =	
  M2	
  =	
  1TeV,	
  cτNLSP	
  <	
  0.1	
  mm;	
  mgluino	
  and	
  µ:	
  free	
  parameters;	
  all	
  

other	
  sparMcle	
  masses	
  ≈	
  1.5	
  	
  
-  Two	
  grids	
  studied:	
  

-  tanß	
  =	
  1.5:	
  	
  

-  tanß	
  =	
  30	
  :	
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Results	
  
	
  

GGM	
  
	
  

GGM	
  (General	
  Gauge	
  MediaMon)	
  
M1	
  and	
  M2	
  è	
  bino	
  mass	
  and	
  wino	
  mass	
  
m(gluino)	
  è	
  gluino	
  mass	
  
µ	
  è	
  higgsino	
  mass	
  
tanß	
  è	
  raMo	
  of	
  the	
  vacuum	
  expectaMon	
  values	
  of	
  the	
  two	
  Higgs	
  
doublets	
  
	
  

Choice	
  of	
  parameters	
  for	
  this	
  analysis	
  implies:	
  
•  LSP	
  =	
  graviEno	
  
•  NLSP	
  =	
  Higgsino-­‐like	
  lightest	
  neutralino	
  
•  NLSP	
  decay	
  length	
  cτNLSP	
  =	
  0.1	
  mm	
  
•  2	
  different	
  GGM	
  grids	
  

•  tanß=1.5	
  =>	
  NLSP	
  -­‐>	
  Z	
  +	
  GraviMno	
  dominant	
  decay	
  
•  tanß=30	
  =>	
  NLSP-­‐>	
  h	
  +	
  GraviMno	
  and	
  Z	
  +	
  GraviMno	
  

	
  

Exclusion	
  limits:	
  
•  tanß	
  =	
  1.5	
  =>	
  m(gluino)	
  up	
  to	
  680	
  –	
  880	
  GeV	
  for	
  µ	
  in	
  the	
  

range	
  180-­‐800	
  GeV	
  
•  tanß	
  =	
  30	
  	
  =>	
  m(gluino)	
  up	
  to	
  680	
  –	
  820	
  GeV	
  for	
  µ	
  in	
  the	
  

range	
  180-­‐740	
  GeV	
  

NLSP	
  =	
  gluino	
  (not	
  considered	
  in	
  this	
  analysis)	
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Upper	
  limits	
  on	
  
	
  visible	
  cross	
  secEons	
  
from	
  models	
  of	
  physics	
  
beyond	
  the	
  SM	
  

Results	
  
	
  

Upper	
  limits	
  
on	
  visible	
  cross	
  secEons	
  	
  
from	
  models	
  of	
  physics	
  
beyond	
  the	
  SM	
  

Expected	
  bkg	
  events	
  
Observed	
  data	
  events	
  

NO	
  SIGNIFICANT	
  EXCESS	
  
IN	
  ANY	
  OF	
  THE	
  SIGNAL	
  
REGIONS	
  

	
  	
  	
  	
  
Expected	
  bkg	
  events	
  
Observed	
  data	
  events	
  

√s	
  =	
  8	
  TeV	
  
L	
  =	
  5.8	
  [-­‐1	
  

SR1	
  ee	
  



November	
  26,	
  2013	
  V	
  CPAN	
  DAYS	
  Elena	
  Romero	
  Adam	
   24	
  

TheoreEcal	
  Model	
  to	
  Probe	
  

•  mSUGRA	
  (minimal	
  Supergravity)	
  with	
  bRPV,	
  5	
  free	
  parameters:	
  
•  m0	
  and	
  m1/2:	
  scalar	
  and	
  gaugino	
  masses	
  at	
  GUT	
  scale	
  
•  A0:	
  trilinear	
  scalar	
  coupling	
  
•  tanβ:	
  the	
  raMo	
  of	
  the	
  Higgs	
  vacuum	
  expectaMon	
  values	
  
•  sign(µ):	
  sign	
  of	
  the	
  higgsino	
  mass	
  parameter	
  

•  Parameter	
  choice:	
  tan β = 30, A0 = -2m0 GeV, sign( μ ) = 1 
•  LSP	
  is	
  the	
  lightest	
  neutralino	
  	
  
•  allows	
  compaMbility	
  with	
  the	
  

	
  recent	
  Higgs	
  boson	
  discovery	
  

Higgs	
  mass	
  [GeV]	
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On-­‐going	
  analysis:	
  	
  
•  using	
  20.7	
  d-­‐1	
  (full	
  2012	
  data	
  set)	
  of	
  LHC	
  data	
  with	
  √s	
  =	
  8	
  TeV	
  
•  looking	
  for	
  final	
  states	
  with	
  a	
  Z	
  boson	
  decaying	
  to	
  two	
  leptons	
  
•  interpretaMon	
  in	
  the	
  context	
  of:	
  

•  GGM	
  (General	
  Gauge	
  MediaMon)	
  
•  mSUGRA-­‐bRPV	
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  esMmated	
  number	
  of	
  events	
  in	
  the	
  ee	
  and	
  	
  μμ	
  channels	
  from	
  the	
  
	
   	
   	
   	
  	
  WW,	
  nbar,	
  Wt	
  and	
  tautau	
  processes	
  in	
  the	
  SRs	
  Nee

est,Nµµ
est !

Neµ
data,corr = Neµ

data ! Neµ
MC,sub

Neµ
MC,sub ! number	
  of	
  events	
  from	
  WZ,	
  ZZ,	
  W+jets	
  and	
  Z+jets	
  

esMmated	
  from	
  MC	
  

Neµ
data ! number	
  of	
  eμ	
  events	
  observed	
  in	
  the	
  CR-­‐DFs	
  	
  

New	
  names	
  in	
  the	
  note:	
  CR-­‐DF	
  =	
  same	
  cuts	
  than	
  in	
  SR	
  but	
  for	
  eμ	
  channel	
  

Z(ll)	
  +MET	
  bkgs	
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kee =
Nee

data

Nµµ
data , kµµ =

Nµµ
data

Nee
data !

these	
  factors	
  take	
  into	
  account	
  the	
  differences	
  
between	
  the	
  electron	
  and	
  muon	
  
reconstrucMon	
  efficiencies	
  	
  

Nee
data, Nµµ

data ! numbers	
  of	
  ee	
  and	
  μμ	
  events	
  from	
  data	
  in	
  each	
  of	
  
the	
  CRs	
  

CRs	
  =	
  SRs	
  ater	
  inverEng	
  the	
  ETmiss	
  cut	
  

Z(ll)	
  +MET	
  bkgs	
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Background	
  EsEmaEon	
  
SM	
  backgrounds:	
  
•  QCD	
  and	
  inclusive	
  W+jets	
  	
  
•  WZ,	
  ZZ	
  
•  top,	
  WW,	
  Z(ττ);	
  top	
  =	
  nbar	
  +	
  Wt	
  
•  Z	
  +	
  jets	
  

Jet	
  smearing	
  method:	
  

Signal:	
  Z	
  +	
  jets	
  +	
  EtMiss	
  
	
  

(Instrumental)	
  bkg:	
  Z	
  +	
  jets	
  +	
  fake	
  Etmiss	
  
	
  

EsMmaMng	
  number	
  of	
  events	
  in	
  SR	
  with	
  high	
  fake	
  Etmiss	
  	
  	
  	
  	
  	
  EsMmaMng	
  of	
  number	
  of	
  Z	
  +	
  jets	
  bkg	
  events	
  in	
  SR	
  
	
  

How	
  do	
  we	
  esMmate	
  the	
  number	
  of	
  events	
  with	
  high	
  fake	
  EtMiss?	
  
	
  

	
  	
  	
  	
  	
  SEED	
  REGION 	
   	
  ×	
   	
  RESPONSE	
  FUNCTION	
   	
  = 	
  	
  	
  	
  	
  	
  	
  PSEUDO-­‐DATA	
  
	
  

Z	
  +	
  jets	
  background	
  	
  
	
  

from	
  LSP	
  

from	
  mis-­‐measurement	
  of	
  jets	
  

region	
  with	
  well	
  
measured	
  jets	
  =>	
  low	
  

EtMiss	
  region	
  

modeling	
  the	
  
response	
  of	
  the	
  
calorimeters	
  

simulaMon	
  of	
  events	
  with	
  no	
  
real	
  EtMiss	
  aser	
  passing	
  
throught	
  the	
  calorimeter	
  

Applying	
  SR	
  cuts	
  to	
  pseudo-­‐data	
  =>	
  EsMmaMon	
  of	
  number	
  of	
  Z	
  +	
  jets	
  bkg	
  events	
  in	
  SR	
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bRPV	
  Phenomenology	
  

•  Model	
  that	
  we	
  consider:	
  
•  	
  LSP	
  =	
  lightest	
  neutralino	
  
•  minimal	
  Supergravity	
  (mSUGRA):	
  5	
  parameters	
  

•  m0,	
  m1/2:	
  scalar	
  and	
  gaugino	
  masses	
  at	
  GUT	
  scale	
  
•  A0:	
  trilinear	
  scalar	
  coupling	
  
•  tanβ:	
  raMo	
  of	
  Higgs	
  vacuum	
  expectaMon	
  values	
  
•  sign(µ):	
  sign	
  of	
  the	
  higgsino	
  mass	
  parameter	
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bRPV	
  

•  R-­‐Parity	
  is	
  violated	
  through	
  bilinear	
  terms	
  in	
  the	
  superpotenMal:	
  

•  The	
  new	
  terms	
  induce	
  mixing	
  between	
  neutrinos	
  and	
  neutralinos:	
  
•  ExplanaMon	
  for	
  neutrino	
  masses	
  and	
  mixings	
  
•  ConnecMon	
  between	
  neutrino	
  parameters	
  and	
  neutralino	
  
decays:	
  

	
  
•  Hence,	
  bRPV	
  parameters	
  are	
  chosen	
  to	
  be	
  consistent	
  with	
  
constraints	
  from	
  neutrino	
  experiments	
  



November	
  26,	
  2013	
  V	
  CPAN	
  DAYS	
  Elena	
  Romero	
  Adam	
   33	
  

Muon: 	
   	
  p0	
  =	
  0.0186 	
  sigma	
  =	
  2.083	
  
Electron:	
  	
   	
  p0	
  =	
  0.132 	
  sigma	
  =	
  1.12	
  
Combined:	
   	
  p0	
  =	
  0.0189 	
  sigma	
  =	
  2.077	
  

1	
  lepton	
  +	
  ≥	
  7	
  jets	
  +	
  EtMiss	
  

•  Analysis	
  performed	
  using	
  4.7	
  [-­‐1	
  of	
  2011	
  collision	
  data	
  at	
  √s	
  =	
  7	
  TeV	
  
•  Signal	
  Region:	
  Exactly	
  one	
  isolated	
  electron	
  or	
  muon	
  +	
  ≥	
  7	
  jets	
  +	
  

missing	
  transverse	
  energy	
  
RESULTS	
  

•  Observed	
  excess	
  compaMble	
  with	
  SM	
  with	
  ~	
  2	
  σ	
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Results	
  
	
  

mSUGRA/cMSSM	
  
1τ	
  analysis	
  

yellow	
  band	
  	
  è	
  1σ	
  staMsMcal	
  and	
  systemaMc	
  
uncertainMes	
  on	
  the	
  expected	
  background	
  
	
  

dashed	
  red	
  lines	
  è	
  influence	
  of	
  the	
  
theoreMcal	
  uncertainMes	
  on	
  the	
  signal	
  cross	
  
secMon	
  on	
  the	
  limit	
  


