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from	
  the	
  LHC	
  Implica4on	
  workshop:	
  hOp://indico.cern.ch/conferenceOtherViews.py?view=standard&confId=173388	
  

W.	
  Waltenberger	
  et	
  al.	
  
“Low	
  mass	
  charginos	
  /	
  neutralinos	
  or	
  
compressed	
  models”	
  

M.	
  Peskin	
  
Light	
  sleptons,	
  but	
  also	
  compressed	
  models,	
  
Higgsino	
  scenarios	
  and	
  light	
  stops!	
  

M.	
  Strassler:	
  Electroweak	
  SUSY	
  produc4on	
   Models	
  with	
  low	
  mass	
  gauginos	
  
eg.	
  arXiv:1203.1622,	
  1206.6540,	
  1110.6926,	
  1203.5539,	
  …	
  

Should	
  we	
  s9ll	
  be	
  doing	
  SUSY?	
  



Par9cle	
  Content	
  in	
  Minimal	
  Supersymmetric	
  Standard	
  Model	
  

Looking	
  for	
  the	
  produc4on	
  of	
  these	
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  M1, M2, μ, tan(β)	
  are	
  fundamental	
  parameters	
  of	
  the	
  underlying	
  SUSY	
  theory.	
  
Similar	
  to	
  mZ, sin(θW)	
  in	
  the	
  EW	
  theory.	
  

• By	
  searching	
  for	
  SUSY	
  weak	
  produc9on	
  we	
  can	
  put	
  general	
  limits	
  on	
  	
  
  M1, M2, μ, tan(β)	
  	
  	
  	
  

⇒ 	
  Can	
  for	
  instance	
  be	
  input	
  into	
  global	
  beyond	
  the	
  standard	
  model	
  fits.	
  

• 	
  If	
  we	
  were	
  to	
  observe	
  neutralinos	
  and	
  charginos,	
  we	
  could	
  measure	
  
  M1, M2, μ, rela4vely	
  quickly	
  by	
  mapping	
  what	
  decay	
  channels	
  we	
  see	
  and	
  their	
  branching	
  
	
  	
  ra4os.	
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The	
  neutralinos	
  are	
  a	
  mix	
  
of	
  the	
  neutral	
  gauginos	
  
and	
  Higgsinos	
  

These	
  parameters	
  are	
  also	
  central	
  for	
  dark	
  maOer	
  predic4ons,	
  eg.	
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SUSY	
  Produc9on	
  at	
  LHC	
  

Prospino	
  2	
  	
  
hOp://www.thphys.uni-­‐heidelberg.de/~plehn/	
  

SUSY	
  Par4cle	
  Masses	
  

SUSY	
  Produc4on	
  Cross	
  Sec4on	
  [pb]	
  

SUSY	
  weak	
  produc4on	
  could	
  also	
  
be	
  the	
  way	
  we	
  discover	
  SUSY.	
  

Since	
  November	
  2011	
  we	
  have	
  
a	
  dedicated	
  sub-­‐group	
  in	
  the	
  
SUSY	
  group.	
  

In	
  this	
  talk	
  weak	
  produc4on	
  with	
  
leptons.	
  

Will	
  present	
  in	
  par4cular	
  an	
  	
  
analysis	
  with	
  2	
  lepton	
  final	
  states:	
  
arXiv:1208.2884	
  

Precursor	
  of	
  this	
  analysis	
  was	
  
presented	
  last	
  year,	
  now	
  in	
  	
  
Phys.	
  LeL.	
  B709	
  (2012)	
  137-­‐157	
  

Combined	
  with	
  a	
  3-­‐lepton	
  
analysis	
  in	
  :	
  arXiv:1208.3144	
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Chargino	
  pair	
  
produc<on	
  

Neutralino	
  pair	
  
produc<on	
  

Chargino-­‐
Neutralino	
  
produc<on	
  

Slepton	
  pair	
  
produc<on	
  

Design	
  signal	
  regions	
  to	
  address	
  all	
  these	
  channels,	
  except	
  sneutrino	
  produc4on	
  

⇒ 	
  One	
  further	
  complica4on:	
  several	
  possible	
  decay	
  channels	
  

€ 

˜ l i
+

€ 

˜ l j
−

€ 

˜ χ i
0

€ 

˜ χ j
0

€ 

˜ χ i
+

€ 

˜ χ j
−

€ 

˜ χ i
+

€ 

˜ χ j
0

€ 

˜ χ i
+

€ 

˜ χ j
−

€ 

˜ χ i
+

€ 

˜ χ j
−

€ 

˜ χ i
0

€ 

˜ χ j
0

€ 

˜ χ i
0

€ 

˜ χ j
0

€ 

˜ χ i
+

€ 

˜ χ j
0

€ 

˜ χ i
+

€ 

˜ χ j
0

€ 

˜ ν 

€ 

˜ ν 

€ 

˜ ν l
€ 

˜ l i
+



Signal	
  Regions	
  
•  2	
  OS	
  leptons	
  +	
  NO	
  Jets 	
  	
  	
  	
  SR-­‐mT2	
  

–  jet	
  veto	
  
–  |mll	
  -­‐	
  mZ|>10	
  GeV	
  (Z-­‐veto)	
  

–  ETmiss(rel)>40	
  GeV	
  

–  mT2>	
  90	
  GeV	
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mT	
  and	
  MT2	
  

The	
  transverse	
  mass	
  variable	
  mT	
  was	
  introduced	
  	
  

in	
  earlier	
  lectures.	
  

Now	
  consider	
  the	
  slepton	
  produc4on	
  and	
  decay,	
  there	
  are	
  now	
  two	
  invisible	
  par9cles	
  	
  € 
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See	
  C.G.	
  Lester	
  and	
  D.J.	
  Summers	
  	
  
hOp://arxiv.org/abs/hep-­‐ph/9906349v1	
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Signal	
  Regions	
  (2)	
  
•  2	
  OS	
  leptons	
  +Jets	
  	
  Veto	
   	
  SR-­‐OSjveto	
  

–  Jet-­‐veto	
  
–  |mll	
  -­‐	
  mZ|>10	
  GeV	
  (Z-­‐veto)	
  
–  ETmiss(rel)	
  >	
  100	
  GeV	
  

  

€ 

˜ χ 2
0 ˜ χ 1

0 → l±l ˜ χ 1
0 ˜ χ 1

0

Both	
  Regions	
  use	
  Special	
  Jet-­‐Veto	
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Pile-­‐up	
  leads	
  to	
  hadronic	
  jets	
  arising	
  from	
  
“parasi4c”	
  proton-­‐proton	
  collisions.	
  

We	
  do	
  not	
  want	
  to	
  veto	
  SUSY	
  signal	
  events	
  containing	
  
“pile-­‐up”	
  jets.	
  

Veto	
  jets	
  with	
  pT>30	
  GeV	
  and	
  high	
  JVF.	
  

Same	
  channels	
  as	
  before	
  as	
  well	
  as	
  	
  

pile-­‐up	
  
vertex	
  

primary	
  
vertex	
  



Signal	
  Regions	
  (3)	
  
•  2	
  OS	
  leptons	
  +	
  Jets	
   	
   	
  SR-­‐2jets	
  

–  2	
  or	
  more	
  jets	
  

–  |mll	
  -­‐	
  mZ|>10	
  GeV	
  (Z-­‐veto)	
  

–  Same	
  flavour	
  leptons	
  

–  top	
  tag	
  veto	
  
–  b-­‐jet	
  veto	
  	
  
–  ETmiss(rel)	
  >	
  50	
  GeV	
  

•  2	
  same	
  sign	
  leptons	
  +No	
  Jets	
  SR-­‐SSjveto	
  
–  Jet-­‐Veto	
  

–  ETmiss(rel)	
  >	
  50	
  GeV	
  

This	
  region	
  is	
  designed	
  to	
  be	
  complementary	
  

to	
  a	
  tri-­‐lepton	
  analysis:	
  

not	
  presented	
  here.	
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2	
  jets	
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Background	
  Composi4on	
  in	
  Opposite	
  Sign	
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Z+X = Z+jets, WZ(*), ZZ(*), Zγ(*)	



Fake leptons	


“fake muon” = muon for light in-flight hadron decay or semi-leptonic heavy flavour	



“fake electron” = electron for light in-flight hadron decay or semi-leptonic heavy flavour	


	

 	

 	

 	

or photon conversion.	



Opposite	
  sign	
  dilepton	
  pairs	
  

Z+X, WW and	
  top	
  are	
  comparable	
  in	
  size	
  



Background	
  Composi4on	
  in	
  Same	
  Sign	
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Same	
  sign	
  dilepton	
  pairs	
  

Dominant	
  backgrounds	
  
• 	
  Fake	
  leptons	
  
• 	
  Diboson	
  mostly	
  
• 	
  Charge	
  flip	
  

	
  Z	
  −>	
  ee	
  where	
  one	
  of	
  the	
  electrons	
  	
  	
  
	
  emits	
  an	
  early	
  brem	
  photon	
  (data	
  driven)	
  



Signal	
  Regions	
   WW	
   Top	
  
(pair	
  +	
  Wt)	
  

Z+jets, WZ(*), 
ZZ(*), Zγ(*)	
  

fakes	
  

SR-­‐mT2	
   Simula4on	
   Data	
  	
  
TOP	
  control	
  region	
  

Data	
  	
  
Z+X	
  control	
  region	
  

Data	
  	
  
fake	
  lepton	
  control	
  
region	
  

SR-­‐jveto	
   Data	
  	
  
WW	
  control	
  region	
  

Data	
  	
  
TOP	
  control	
  region	
  

Data	
  	
  
Z+X	
  control	
  region	
  

Data	
  	
  
fake	
  lepton	
  control	
  
region	
  

SR-­‐2jets	
   Simula4on	
   Data	
  	
  
TOP	
  control	
  region	
  

Data	
  	
  
Z+X	
  control	
  region	
  

Data	
  	
  
fake	
  lepton	
  control	
  
region	
  

SR-­‐SSjveto	
   Simula4on	
  
Charge	
  flip	
  from	
  
data	
  

Simula4on	
  
Charge	
  flip	
  from	
  
data	
  

Simula4on	
  
Charge	
  flip	
  from	
  
data	
  

Data	
  	
  
fake	
  lepton	
  control	
  
region	
  

Backgrounds	
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Derive	
  the	
  backgrounds	
  as	
  much	
  as	
  possible	
  from	
  data	
  control	
  regions	
  

control	
  region	
  
defini4ons	
  



(Some)	
  Background	
  Control	
  Regions	
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mT2	
  in	
  top	
  control	
  region	
   ETmiss(rel)	
  azer	
  Z-­‐veto	
  ,	
  jet-­‐veto	
  
the	
  70	
  –	
  100	
  GeV	
  range	
  with	
  	
  

addi4onal	
  b-­‐veto	
  is	
  the	
  
WW	
  control	
  region.	
  



Systema4cs	
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Slepton	
  Results	
  L=5|-­‐1	
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First	
  limits	
  on	
  direct	
  slepton	
  
produc4on	
  since	
  LEP	
  

pMSSM	
  framework	
  Lez-­‐handed	
  sleptons	
  



Chargino	
  Pair	
  Produc4on	
  Results	
  L=5|-­‐1	
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First	
  LHC	
  limits	
  on	
  dirct	
  chargino	
  	
  
pair	
  produc4on.	
  	
  

Does	
  not	
  rely	
  on	
  mass	
  assump4ons	
  	
  
between	
  C1	
  and	
  N2	
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˜ χ 1
+ ˜ χ 1

− →(l+v ˜ χ 1
0) + (l−v˜ χ 1

0)

simplified	
  model	
  



Interpreta4on	
  in	
  pMSSM	
   M1, M2, μ space	
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M1	
  =	
  100	
  GeV	
   M2	
  =	
  250	
  GeV	
  

Limits	
  combined	
  with	
  the	
  3-­‐lepton	
  search	
  see:	
  
arXiv:1208.3144	
  

Assuming	
  here	
  that	
  the	
  gaugino	
  decays	
  proceed	
  via	
  intermediate	
  sleptons	
  



Comparison	
  with	
  previous	
  gaugino	
  search	
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Phys.	
  LeO.	
  B709	
  (2012)	
  137-­‐157	
  
Preliminary	
  version	
  showed	
  last	
  year	
  

Significant	
  improvement	
  from	
  1	
  to	
  5|-­‐1	
  analysis	
  
Further	
  reaching	
  limits,	
  many	
  new	
  signal	
  regions	
  (only	
  one	
  in	
  the	
  L=1	
  |-­‐1	
  analysis)	
  

simplified	
  models	
  
2010	
  data	
  
L=1	
  |-­‐1	
  

simplified	
  models	
  
2011	
  data	
  
L=5	
  |-­‐1	
  

ATLAS	
  conference	
  note:	
  
ATLAS-­‐CONF-­‐2012-­‐076	
  



Conclusions	
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 	
  Search	
  for	
  weak	
  produc4on	
  of	
  SUSY	
  par4cles	
  is	
  crucial	
  to	
  
	
  Discover	
  or	
  kill	
  SUSY	
  …	
  

 	
  We	
  have	
  search	
  for	
  weakly	
  produced	
  SUSY	
  par4cles	
  (gauginos	
  and	
  sleptons)	
  
 	
  Nega4ve	
  search	
  
 	
  New	
  limits	
  that	
  can	
  be	
  used	
  by	
  theorists	
  

 	
  Analysis	
  of	
  ~20	
  |-­‐1	
  of	
  2012	
  data	
  is	
  well	
  underway,	
  results	
  to	
  be	
  expected	
  by	
  	
  
Moriond	
  conference	
  2013	
  

 	
  Other	
  models	
  can	
  and	
  should	
  be	
  searched	
  for	
  with	
  the	
  presented	
  final	
  states	
  	
  
 	
  Complete	
  set	
  of	
  gaugino	
  decays	
  (Higgs,	
  tau	
  leptons,…)	
  
 	
  Compressed	
  SUSY	
  spectra	
  
 	
  Universal	
  extra	
  dimension	
  models	
  

 	
  This	
  is	
  what	
  we	
  will	
  do	
  during	
  the	
  LHC	
  shutdown	
  


