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R-­‐Parity	
  viola3on	
  

•  R-­‐Parity	
  is	
  defined	
  as	
  PR	
  =	
  (-­‐1)3(B-­‐L)+2S.	
  
–  B,	
  L,	
  S	
  are	
  Baryon	
  number,	
  Lepton	
  number,	
  and	
  Spin	
  
respec3vely.	
  

–  All	
  SM	
  par3cles	
  have	
  PR	
  =	
  1,	
  all	
  SUSY	
  par3cles	
  have	
  PR	
  =	
  -­‐1.	
  

•  Many	
  SUSY	
  models	
  assume	
  R-­‐Parity	
  conserva3on.	
  
–  Stable	
  LSP	
  is	
  a	
  good	
  dark	
  maOer	
  candidate!	
  

•  BUT	
  no	
  reason	
  to	
  assert	
  this	
  a	
  priori.	
  
•  Can	
  introduce	
  R-­‐Parity	
  Viola3ng	
  terms	
  into	
  
superpoten3al:	
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R-­‐Parity	
  viola3on	
  

•  R-­‐Parity	
  is	
  defined	
  as	
  PR	
  =	
  (-­‐1)3(B-­‐L)+2S.	
  
–  B,	
  L,	
  S	
  are	
  Baryon	
  number,	
  Lepton	
  number,	
  and	
  Spin	
  
respec3vely.	
  

–  All	
  SM	
  par3cles	
  have	
  PR	
  =	
  1,	
  all	
  SUSY	
  par3cles	
  have	
  PR	
  =	
  -­‐1.	
  

•  Many	
  SUSY	
  models	
  assume	
  R-­‐Parity	
  conserva3on.	
  
–  Stable	
  LSP	
  is	
  a	
  good	
  dark	
  maOer	
  candidate!	
  

•  BUT	
  no	
  reason	
  to	
  assert	
  this	
  a	
  priori.	
  
•  Can	
  introduce	
  R-­‐Parity	
  Viola3ng	
  terms	
  into	
  
superpoten3al:	
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R-­‐Parity	
  viola3on	
  

•  R-­‐Parity	
  is	
  defined	
  as	
  PR	
  =	
  (-­‐1)3(B-­‐L)+2S.	
  
–  B,	
  L,	
  S	
  are	
  Baryon	
  number,	
  Lepton	
  number,	
  and	
  Spin	
  
respec3vely.	
  

–  All	
  SM	
  par3cles	
  have	
  PR	
  =	
  1,	
  all	
  SUSY	
  par3cles	
  have	
  PR	
  =	
  -­‐1.	
  

•  Many	
  SUSY	
  models	
  assume	
  R-­‐Parity	
  conserva3on.	
  
–  Stable	
  LSP	
  is	
  a	
  good	
  dark	
  maOer	
  candidate!	
  

•  BUT	
  no	
  reason	
  to	
  assert	
  this	
  a	
  priori.	
  
•  Can	
  introduce	
  R-­‐Parity	
  Viola3ng	
  terms	
  into	
  
superpoten3al:	
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R-­‐Parity	
  viola3on	
  

•  R-­‐Parity	
  is	
  defined	
  as	
  PR	
  =	
  (-­‐1)3(B-­‐L)+2S.	
  
–  B,	
  L,	
  S	
  are	
  Baryon	
  number,	
  Lepton	
  number,	
  and	
  Spin	
  
respec3vely.	
  

–  All	
  SM	
  par3cles	
  have	
  PR	
  =	
  1,	
  all	
  SUSY	
  par3cles	
  have	
  PR	
  =	
  -­‐1.	
  

•  Many	
  SUSY	
  models	
  assume	
  R-­‐Parity	
  conserva3on.	
  
–  Stable	
  LSP	
  is	
  a	
  good	
  dark	
  maOer	
  candidate!	
  

•  BUT	
  no	
  reason	
  to	
  assert	
  this	
  a	
  priori.	
  
•  Can	
  introduce	
  R-­‐Parity	
  Viola3ng	
  terms	
  into	
  
superpoten3al:	
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Constraints	
  on	
  RPV	
  couplings	
  

•  Non-­‐observa3on	
  of	
  proton	
  decay	
  effec3vely	
  excludes	
  processes	
  
that	
  violate	
  both	
  lepton	
  and	
  baryon	
  number.	
  
–  Many	
  RPV	
  models	
  assume	
  “single	
  coupling	
  dominance”,	
  i.e.	
  turn-­‐on	
  

one	
  coupling,	
  leave	
  the	
  others	
  as	
  zero.	
  
•  CKM	
  unitarity,	
  τ	
  decays,	
  limits	
  on	
  neutrino	
  masses,	
  give	
  upper	
  

limits	
  	
  on	
  λ	
  couplings	
  	
  
–  (arXiv:0910.4980,	
  arXiv:1005.3309).	
  

•  Stringent	
  limits	
  on	
  	
  λ’’11k	
  from	
  neutron	
  oscilla3on.	
  
•  But,	
  only	
  rela3vely	
  weak	
  constraints	
  on	
  third-­‐genera3on	
  λ’’	
  

couplings!	
  
•  Note	
  that	
  non-­‐zero	
  but	
  small	
  values	
  of	
  couplings	
  would	
  lead	
  to	
  

long-­‐lived	
  signatures,	
  e.g.	
  displaced	
  ver3ces.	
  
–  Life3me	
  is	
  propor3onal	
  to	
  1/(coupling)2.	
  
–  See	
  talk	
  by	
  Nimrod	
  Taiblum	
  for	
  an	
  example	
  of	
  ATLAS	
  search	
  for	
  

displaced	
  ver3ces	
  arising	
  from	
  small	
  λ’	
  coupling.	
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Mul3-­‐jet	
  search	
  

•  If	
  RPV	
  couplings	
  are	
  small,	
  R-­‐Parity	
  Conserving	
  pair-­‐produc3on	
  of	
  
spar3cles	
  will	
  dominate,	
  RPV	
  couplings	
  give	
  rise	
  to	
  decay	
  of	
  LSP.	
  

•  Non-­‐zero	
  λ’’	
  coupling	
  can	
  give	
  rise	
  to	
  final	
  states	
  with	
  high	
  jet	
  
mul3plicity.	
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Mul3-­‐jet	
  search	
  

•  If	
  RPV	
  couplings	
  are	
  small,	
  R-­‐Parity	
  Conserving	
  pair-­‐produc3on	
  of	
  
spar3cles	
  will	
  dominate,	
  RPV	
  couplings	
  give	
  rise	
  to	
  decay	
  of	
  LSP.	
  

•  Non-­‐zero	
  λ’’	
  coupling	
  can	
  give	
  rise	
  to	
  final	
  states	
  with	
  high	
  jet	
  
mul3plicity.	
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Mul3-­‐jet	
  search	
  

•  If	
  RPV	
  couplings	
  are	
  small,	
  R-­‐Parity	
  Conserving	
  pair-­‐produc3on	
  of	
  
spar3cles	
  will	
  dominate,	
  RPV	
  couplings	
  give	
  rise	
  to	
  decay	
  of	
  LSP.	
  

•  Non-­‐zero	
  λ’’	
  coupling	
  can	
  give	
  rise	
  to	
  final	
  states	
  with	
  high	
  jet	
  
mul3plicity.	
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“6-­‐jet	
  model”	
   “10-­‐jet	
  model”	
  



Mul3-­‐jet	
  search	
  

•  If	
  RPV	
  couplings	
  are	
  small,	
  R-­‐Parity	
  Conserving	
  pair-­‐produc3on	
  of	
  
spar3cles	
  will	
  dominate,	
  RPV	
  couplings	
  give	
  rise	
  to	
  decay	
  of	
  LSP.	
  

•  Non-­‐zero	
  λ’’	
  coupling	
  can	
  give	
  rise	
  to	
  final	
  states	
  with	
  high	
  jet	
  
mul3plicity.	
  

•  Huge	
  number	
  of	
  possible	
  jet	
  combina3ons	
  (even	
  just	
  in	
  signal	
  events)	
  
precludes	
  measurement	
  of	
  a	
  resonance	
  “peak”.	
  

•  Instead,	
  look	
  for	
  an	
  excess	
  of	
  events	
  with	
  large	
  number	
  of	
  high-­‐pT	
  jets.	
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Mul3-­‐jet	
  search:	
  selec3on	
  and	
  background	
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•  Dominant	
  source	
  of	
  background	
  is	
  from	
  mul3-­‐jet	
  events.	
  
–  Es3mate	
  by	
  projec3ng	
  from	
  lower-­‐jet-­‐mul3plicity	
  bins.	
  

•  Previous	
  analysis	
  on	
  2011	
  data	
  (arXiv:1210.4813)	
  
•  New	
  feature	
  –	
  use	
  b-­‐tagging	
  info	
  to	
  es3mate	
  branching	
  ra3os	
  of	
  RPV	
  

decays	
  to	
  different	
  flavours.	
  
–  Each	
  RPV	
  decay	
  going	
  via	
  λ’’ijk	
  will	
  give	
  rise	
  to	
  one	
  up-­‐type	
  quark,	
  and	
  two	
  

down-­‐type	
  quarks	
  of	
  different	
  flavours.	
  
–  BR(t)	
  +	
  BR(c)	
  ≤	
  1,	
  and	
  at	
  most	
  one	
  b-­‐quark	
  per	
  event.	
  

•  Op3mize	
  signal	
  regions	
  for	
  different	
  BR	
  hypotheses	
  and	
  different	
  
gluino	
  masses,	
  for	
  6-­‐quark	
  and	
  10-­‐quark	
  models,	
  by	
  varying	
  N(jet)≥6	
  
or	
  N(jet)≥7,	
  minimum	
  jet	
  pT	
  cut,	
  and	
  number	
  of	
  b-­‐tagged	
  jets.	
  	
  



Mul3-­‐jet	
  search:	
  selec3on	
  and	
  background	
  

•  Previous	
  analysis	
  on	
  2011	
  data	
  (arXiv:1210.4813)	
  
•  New	
  feature	
  –	
  use	
  b-­‐tagging	
  info	
  to	
  es3mate	
  branching	
  ra3os	
  of	
  RPV	
  

decays	
  to	
  different	
  flavours.	
  
–  Each	
  RPV	
  decay	
  going	
  via	
  λ’’ijk	
  will	
  give	
  rise	
  to	
  one	
  up-­‐type	
  quark,	
  and	
  two	
  

down-­‐type	
  quarks	
  of	
  different	
  flavours.	
  
–  BR(t)	
  +	
  BR(c)	
  ≤	
  1,	
  and	
  at	
  most	
  one	
  b-­‐quark	
  per	
  event.	
  

•  Op3mize	
  signal	
  regions	
  for	
  different	
  BR	
  hypotheses	
  and	
  different	
  
gluino	
  masses,	
  for	
  6-­‐quark	
  and	
  10-­‐quark	
  models,	
  by	
  varying	
  N(jet)≥6	
  
or	
  N(jet)≥7,	
  minimum	
  jet	
  pT	
  cut,	
  and	
  number	
  of	
  b-­‐tagged	
  jets.	
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•  Dominant	
  source	
  of	
  background	
  is	
  from	
  mul3-­‐jet	
  events.	
  
–  Es3mate	
  by	
  projec3ng	
  from	
  lower-­‐jet-­‐mul3plicity	
  bins.	
  

!bar,	
  
Single	
  top	
  
W+jets	
  	
  



Mul3-­‐jet	
  search:	
  selec3on	
  and	
  background	
  

14	
  

•  Dominant	
  source	
  of	
  background	
  is	
  from	
  mul3-­‐jet	
  events.	
  
–  Es3mate	
  by	
  projec3ng	
  from	
  lower-­‐jet-­‐mul3plicity	
  bins.	
  

•  Previous	
  analysis	
  on	
  2011	
  data	
  (arXiv:1210.4813)	
  
•  New	
  feature	
  –	
  use	
  b-­‐tagging	
  info	
  to	
  es3mate	
  branching	
  ra3os	
  of	
  RPV	
  

decays	
  to	
  different	
  flavours.	
  
–  Each	
  RPV	
  decay	
  going	
  via	
  λ’’ijk	
  will	
  give	
  rise	
  to	
  one	
  up-­‐type	
  quark,	
  and	
  two	
  

down-­‐type	
  quarks	
  of	
  different	
  flavours.	
  
–  BR(t)	
  +	
  BR(c)	
  ≤	
  1,	
  and	
  at	
  most	
  one	
  b-­‐quark	
  per	
  event.	
  

•  Op3mize	
  signal	
  regions	
  for	
  different	
  BR	
  hypotheses	
  and	
  different	
  
gluino	
  masses,	
  for	
  6-­‐quark	
  and	
  10-­‐quark	
  models,	
  by	
  varying	
  N(jet)≥6	
  
or	
  N(jet)≥7,	
  minimum	
  jet	
  pT	
  cut,	
  and	
  number	
  of	
  b-­‐tagged	
  jets.	
  	
  

Projec6on	
  
factor	
  
derived	
  
from	
  MC	
  



Mul3jet	
  search	
  –	
  valida3on	
  of	
  
background	
  method	
  

•  Projec3on	
  method	
  is	
  “calibrated”	
  using	
  the	
  data.	
  

•  Baseline	
  projec3on	
  is	
  from	
  (N-­‐2)-­‐jets	
  to	
  N-­‐jets,	
  with	
  same	
  pT	
  
cut	
  and	
  number	
  of	
  b-­‐tags.	
  
–  Also	
  validate	
  with	
  projec3on	
  from	
  (N-­‐1)	
  jets.	
  

–  For	
  large	
  N,	
  look	
  at	
  low	
  pT	
  or	
  large	
  η	
  	
  to	
  avoid	
  signal	
  contamina3on.	
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Use	
  worst-­‐case	
  discrepancies	
  
from	
  all	
  projec3ons	
  to	
  derive	
  
systema3c	
  uncertain3es.	
  



Mul3-­‐jet	
  search:	
  results	
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0	
  b-­‐tagged	
  jets	
  

1	
  b-­‐tagged	
  jet	
  

≥6	
  jets	
   ≥7	
  jets	
  no	
  significant	
  
excess	
  observed	
  in	
  
any	
  signal	
  region.	
  

Using	
  full	
  ATLAS	
  
2012	
  dataset	
  
(20.3	
  r-­‐1),	
  



Mul3-­‐jet	
  search:	
  cross-­‐sec3on	
  limits	
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6-­‐quark	
  model	
  10-­‐quark	
  model	
  

Set	
  95%	
  CL	
  upper	
  limits	
  on	
  
cross-­‐sec3on,	
  for	
  6-­‐	
  and	
  10-­‐
quark	
  models,	
  and	
  different	
  
assumed	
  branching	
  ra3os.	
  



Mul3-­‐jet	
  search:	
  cross-­‐sec3on	
  limits	
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6-­‐quark	
  model	
  10-­‐quark	
  model	
  

Set	
  95%	
  CL	
  upper	
  limits	
  on	
  
cross-­‐sec3on,	
  for	
  6-­‐	
  and	
  10-­‐
quark	
  models,	
  and	
  different	
  
assumed	
  branching	
  ra3os.	
  

No	
  heavy	
  flavour	
  BR	
  



Mul3-­‐jet	
  search:	
  cross-­‐sec3on	
  limits	
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6-­‐quark	
  model	
  10-­‐quark	
  model	
  

Set	
  95%	
  CL	
  upper	
  limits	
  on	
  
cross-­‐sec3on,	
  for	
  6-­‐	
  and	
  10-­‐
quark	
  models,	
  and	
  different	
  
assumed	
  branching	
  ra3os.	
  

No	
  heavy	
  flavour	
  BR	
  

Every	
  gluino	
  decay	
  contains	
  
b-­‐quark	
  



Mul3-­‐jet	
  search:	
  cross-­‐sec3on	
  limits	
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6-­‐quark	
  model	
  10-­‐quark	
  model	
  

Set	
  95%	
  CL	
  upper	
  limits	
  on	
  
cross-­‐sec3on,	
  for	
  6-­‐	
  and	
  10-­‐
quark	
  models,	
  and	
  different	
  
assumed	
  branching	
  ra3os.	
  

No	
  heavy	
  flavour	
  BR	
  

Every	
  gluino	
  decay	
  contains	
  
b-­‐quark	
  

Different	
  neutralino	
  masses	
  



Mul3-­‐jet	
  search:	
  branching	
  frac3ons	
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Plot	
  excluded	
  gluino	
  masses	
  as	
  a	
  func3on	
  of	
  Branching	
  Ra3os	
  
into	
  heavy	
  flavour:	
  



Boosted	
  mul3jet	
  search	
  
•  Combinatorics	
  problem	
  is	
  avoided	
  if	
  gluinos	
  are	
  highly	
  boosted.	
  

–  Decay	
  products	
  are	
  all	
  combined	
  in	
  one	
  “fat”	
  jet.	
  
–  Use	
  “N-­‐subjetness”	
  substructure	
  variables	
  as	
  discriminant:	
  

where	
  N	
  is	
  number	
  of	
  subjets,	
  R	
  is	
  jet	
  radius	
  parameter	
  in	
  jet	
  algorithm,	
  and	
  δRik	
  is	
  the	
  distance	
  between	
  
subjet	
  i	
  and	
  cons3tuent	
  k.	
  	
  

–  Small	
  value	
  of	
  τ32	
  =	
  τ3/	
  τ2	
  means	
  jet	
  is	
  beOer	
  described	
  by	
  three	
  subjets	
  
than	
  two.	
  
•  Require	
  τ32	
  <	
  0.7.	
  

–  Also	
  use	
  number	
  Njet
R4	
  of	
  small-­‐radius	
  (R=0.4)	
  jets	
  in	
  the	
  event,	
  and	
  jet	
  

mass	
  mjet	
  	
  of	
  large-­‐R	
  jet.	
  
–  Use	
  “ABCD”	
  method	
  to	
  es3mate	
  backgrounds.	
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Correla3on	
  factor	
  α	
  derived	
  
from	
  MC.	
  



Boosted	
  mul3-­‐jet	
  search	
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Model	
  (mgluino)	
   Mthreshold	
   Expected	
  signal	
   Expected	
  bkg	
   Data	
  

100	
  GeV	
   60	
  GeV	
   77900	
  ±	
  16000	
   42400	
  ±	
  9700	
   40683	
  

200	
  GeV	
   140	
  GeV	
   2400	
  ±	
  670	
   860	
  ±	
  460	
   1059	
  

300	
  GeV	
   140	
  GeV	
   590	
  ±	
  55	
   860	
  ±	
  460	
   1059	
  

Using	
  2011	
  
dataset	
  
	
  (4.6	
  r-­‐1)	
  

No	
  significant	
  excess	
  
observed.	
  
Set	
  95%	
  CL	
  upper	
  
limits	
  on	
  cross-­‐
sec3on	
  as	
  func3on	
  of	
  
gluino	
  mass.	
  

Effec3vely	
  looking	
  for	
  a	
  peak	
  in	
  jet	
  mass	
  spectrum.	
  



Mul3-­‐lepton	
  analysis	
  -­‐	
  mo3va3on	
  

•  Again,	
  assume	
  RPV	
  couplings	
  are	
  sufficiently	
  
small	
  that	
  they	
  are	
  only	
  important	
  for	
  LSP	
  decay.	
  
–  But	
  sufficiently	
  large	
  that	
  LSP	
  decay	
  is	
  prompt!	
  	
  

•  Non-­‐zero	
  λ	
  couplings	
  lead	
  to	
  final	
  states	
  with	
  high	
  
lepton	
  mul3plicity.	
  
– Neutrinos	
  can	
  also	
  give	
  substan3al	
  missing	
  ET	
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Mul3-­‐lepton	
  search:	
  selec3on	
  

•  Look	
  for	
  events	
  containing	
  at	
  least	
  4	
  charged	
  leptons,	
  of	
  
which	
  at	
  least	
  3	
  are	
  “light”	
  (i.e.	
  electrons	
  or	
  muons).	
  
–  Iden3fy	
  hadronically	
  decaying	
  taus	
  using	
  BDT.	
  
–  Combina3on	
  of	
  single/double	
  electron	
  and	
  muon	
  triggers	
  is	
  
90-­‐100%	
  efficient.	
  

–  Veto	
  events	
  with	
  SFOS	
  lepton	
  pair	
  with	
  mass	
  <	
  12	
  GeV,	
  or	
  
close	
  to	
  the	
  Z-­‐boson	
  mass.	
  

•  2	
  signal	
  regions	
  op3mized	
  for	
  RPV	
  search:	
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SR0noZb	
  
At	
  least	
  4	
  light	
  leptons,	
  no	
  
requirement	
  on	
  number	
  of	
  taus.	
  
MET	
  >	
  	
  75	
  GeV	
  OR	
  meff	
  >	
  600	
  GeV	
  

SR1noZ	
  
Exactly3	
  light	
  leptons,	
  at	
  least	
  1	
  tau.	
  
MET	
  >	
  	
  100	
  GeV	
  OR	
  meff	
  >	
  400	
  GeV	
  

(meff	
  	
  is	
  scalar	
  sum	
  of	
  MET,	
  lepton,	
  and	
  jet	
  pT)	
  



Mul3-­‐lepton	
  search:	
  background	
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Reducible	
  background:	
  	
  
•  contains	
  one	
  or	
  more	
  “fake”	
  
leptons	
  (either	
  from	
  
semileptonic	
  b	
  or	
  c	
  decay,	
  
photon	
  conversions,	
  or	
  jets	
  
misiden3fied	
  as	
  leptons).	
  

•  e.g.	
  WZ,	
  O,	
  O+W,	
  WW,	
  single	
  
top.	
  

•  Es3mate	
  using	
  semi-­‐data-­‐
driven	
  “weigh3ng	
  method”:	
  

Irreducible	
  background:	
  
•  contains	
  four	
  real	
  leptons.	
  e.g.	
  ZZ,	
  
ZWW,	
  ZZZ,	
  O+Z,	
  O+WW,	
  O+Higgs,	
  Z
+Higgs,W	
  +Higgs	
  	
  	
  (gauge	
  bosons	
  
can	
  be	
  off-­‐shell).	
  

•  Es3mate	
  using	
  MC,	
  applying	
  
correc3ons	
  to	
  accoung	
  for	
  data/
MC	
  differences.	
  

•  Validate	
  in	
  regions	
  with	
  different	
  
kinema3c	
  requirements	
  such	
  that	
  
these	
  contribu3ons	
  are	
  enhanced.	
  



Mul3-­‐lepton	
  search:	
  Results	
  

Signal	
  
Region	
  

Irreducible	
  
Bkg	
  

Reducible	
  
Bkg	
  

Data	
   p-­‐value	
   σvis	
  (exp)	
  
[O]	
  

σvis	
  (obs)	
  
[O]	
  

SR0noZb	
   1.6	
  ±	
  0.6	
   0.05+0.14-­‐0.05	
   1	
   0.5	
   0.17	
   0.18	
  

SR1noZ	
   0.62	
  ±	
  0.21	
   1.4	
  ±	
  1.3	
   4	
   0.15	
   0.26	
   0.36	
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Using	
  full	
  
ATLAS	
  2012	
  
dataset	
  
(20.3	
  r-­‐1)	
  



Mul3-­‐lepton	
  search:	
  interpreta3on	
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Mul3-­‐lepton	
  search:	
  interpreta3on	
  

29	
  

	
  Wino	
  NLSP	
  

	
  	
  	
  gluino	
  NLSP	
  



Mul3-­‐lepton	
  search:	
  interpreta3on	
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  λ133≠0	
  	
  λ121≠0	
  



e/mu/tau	
  resonance	
  search	
  

•  Look	
  for	
  lepton-­‐flavour-­‐viola3ng	
  decays	
  that	
  
take	
  place	
  via	
  λ	
  coupling.	
  
– e.g.	
  decay	
  of	
  a	
  tau-­‐sneutrino	
  to	
  different-­‐flavour	
  
leptons	
  	
  

– sneutrino	
  can	
  be	
  produced	
  via	
  dd	
  annihila3on	
  
with	
  the	
  λ’311	
  coupling,	
  and	
  then	
  decay	
  to	
  lepton	
  
pair	
  via	
  λi3k	
  coupling	
  .	
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ντ → e±µ ,e±τ ,µ±τ 



e/mu/tau	
  resonance	
  search:	
  	
  
selec3on	
  and	
  backgrounds.	
  

•  Use	
  single	
  electron	
  trigger	
  for	
  eμ	
  and	
  
eτ	
  searches	
  

•  Single	
  muon	
  trigger	
  for	
  μτ	
  searches.	
  

•  Electron	
  or	
  muon	
  candidates	
  must	
  be	
  
isolated,	
  and	
  	
  have	
  pT	
  >	
  25	
  GeV.	
  

•  tau	
  candidates	
  must	
  have	
  pT>20	
  GeV.	
  
•  BDT	
  discriminator	
  used	
  for	
  tau	
  ID.	
  

•  2	
  leptons	
  required	
  to	
  have	
  different	
  
flavour,	
  opposite	
  charge,	
  and	
  be	
  back-­‐
to-­‐back	
  in	
  aximuthal	
  angle,	
  Δφ>2.7.	
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•  “Direct	
  lepton	
  backgrounds”,	
  e.g.	
  
Obar,	
  Z,	
  WW,	
  ZZ,	
  WZ,	
  Wt,	
  	
  es3mated	
  
using	
  MC.	
  

•  Semi-­‐data-­‐driven	
  methods	
  used	
  	
  to	
  
es3mate	
  “jet	
  backgrounds”	
  ,	
  where	
  
one	
  or	
  both	
  lepton	
  candidates	
  is	
  a	
  
misiden3fied	
  jet.	
  

–  Mainly	
  W+jets,	
  mul3-­‐jet.	
  

Use	
  m(ll)<200	
  GeV	
  as	
  a	
  control	
  region	
  for	
  background	
  
es3ma3on,	
  m(ll)>200	
  GeV	
  as	
  signal	
  region.	
  



e/mu/tau	
  resonance	
  search:	
  results	
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Using	
  2011	
  dataset	
  (4.6	
  r-­‐1)	
  

M(ll)>200
GeV	
  

N(emu)	
   N(etau)	
   N(mutau)	
  

Expected	
  
bkg	
  

460	
  ±	
  60	
   720	
  ±	
  80	
   650	
  ±	
  90	
  

Data	
   498	
   795	
   699	
  



e/mu/tau	
  resonance	
  search:	
  	
  
cross-­‐sec3on	
  limits	
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Set	
  95%	
  CL	
  upper	
  limits	
  
on	
  cross-­‐sec3on*BR.	
  

Using	
  2011	
  dataset	
  (4.6	
  r-­‐1)	
  



e/mu/tau	
  resonance	
  search:	
  coupling	
  limits	
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Set	
  limits	
  on	
  coupling	
  
strength	
  vs	
  sneutrino	
  mass.	
  	
  

Using	
  2011	
  dataset	
  (4.6	
  r-­‐1)	
  



•  Many	
  interes3ng	
  searches,	
  covering	
  wide	
  variety	
  of	
  signatures.	
  
•  Increasingly,	
  many	
  ATLAS	
  SUSY	
  searches	
  have	
  both	
  RPC	
  and	
  RPV	
  

interpreta3ons,	
  e.g.	
  

Conclusions	
  and	
  outlook	
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•  	
  Same-­‐sign	
  dilepton	
  search	
  	
  
	
  (ATLAS-­‐CONF-­‐2013-­‐007)	
  	
  	
  	
  
•  7-­‐10	
  jets	
  plus	
  missing	
  ET	
  	
  
	
  (arXiv:1308.1841)	
  
•  Gluino	
  masses	
  <	
  900	
  GeV	
  excluded	
  for	
  stop	
  

masses	
  from	
  400-­‐1000	
  TeV	
  
See	
  talk	
  by	
  Marcello	
  Barisonzi!	
  

•  No	
  sign	
  of	
  new	
  physics	
  yet..	
  
–  But,	
  several	
  results	
  s3ll	
  to	
  be	
  updated	
  to	
  full	
  2012	
  dataset	
  –	
  
updates	
  coming	
  soon!	
  



Backup	
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The	
  ATLAS	
  detector	
  

•  One	
  of	
  the	
  two	
  large	
  
General	
  Purpose	
  
Detectors	
  at	
  the	
  LHC	
  

•  Inner	
  Detector	
  for	
  
measuring	
  charged	
  
par3cle	
  tracks	
  

•  EM	
  and	
  hadronic	
  
calorimetry,	
  with	
  
herme3c	
  coverage.	
  

•  Muon	
  chambers	
  can	
  
measure	
  even	
  very	
  
high-­‐pT	
  muons	
  via	
  
curvature	
  in	
  toroidal	
  
B-­‐field.	
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e/mu/tau	
  resonance	
  search	
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Mul3-­‐lepton	
  analysis	
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ATLAS	
  2011	
  and	
  2012	
  data	
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2011	
  
7	
  TeV	
  centre-­‐of-­‐mass	
  energy	
  
4.6r-­‐1	
  with	
  all	
  good	
  data	
  
quality.	
  
Average	
  num.	
  interac3ons/BC	
  
about	
  10.	
  	
  

2012	
  
8	
  TeV	
  centre-­‐of-­‐mass	
  energy	
  
20.3r-­‐1	
  with	
  all	
  good	
  data	
  
quality.	
  
Average	
  num.	
  interac3ons/BC	
  
about	
  20.	
  



Sgluon	
  search:	
  results	
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Using	
  2011	
  dataset	
  (4.6	
  r-­‐1)	
  
•  No	
  excess	
  above	
  background	
  

expecta3on.	
  
•  Set	
  95%	
  CL	
  upper	
  limit	
  on	
  sgluon	
  

produc3on	
  cross-­‐sec3on	
  multplied	
  by	
  
Branching	
  Ra3o	
  of	
  decay	
  to	
  jets,	
  as	
  a	
  
func3on	
  of	
  sgluon	
  mass.	
  



Scalar	
  gluon	
  (sgluon)	
  search	
  

•  Scalar	
  partners	
  of	
  Dirac	
  gluino	
  occur	
  in	
  several	
  extended	
  SUSY	
  
models,	
  e.g.	
  	
  
–  N=1/N=2	
  hybrid	
  model	
  (arXiv:0812.3586),	
  	
  
–  R-­‐symmetric	
  MSSM	
  (arXiv:0712.2039).	
  

•  Such	
  par3cles	
  could	
  be	
  pair-­‐produced,	
  and	
  each	
  decay	
  to	
  a	
  pair	
  of	
  
gluons,	
  leading	
  to	
  a	
  4-­‐jet	
  final	
  state.	
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•  Select	
  events	
  using	
  mul3jet	
  trigger.	
  
•  Require	
  4	
  jets	
  with	
  |η|<1.4,	
  separated	
  by	
  ΔR>0.6.	
  
•  Require	
  4th	
  jet	
  pT	
  >max(	
  80	
  GeV,	
  msgluon*0.3	
  +	
  30	
  GeV)	
  	
  
•  Pair	
  jets	
  by	
  minimising	
  |ΔRpair1-­‐1|+|ΔRpair2-­‐1|.	
  
•  Define	
  m1	
  and	
  m2	
  as	
  invariant	
  masses	
  of	
  two	
  pairs.	
  
•  Define	
  cos(θ*)	
  as	
  cosine	
  of	
  angle	
  between	
  candidate	
  

flight	
  direc3on	
  and	
  momentum.	
  

Use	
  “ABCD”	
  
method	
  to	
  
es3mate	
  
background	
   Signal	
  region	
  



Mul3-­‐lepton	
  search:	
  background	
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Reducible	
  background:	
  	
  
•  contains	
  one	
  or	
  more	
  “fake”	
  

leptons	
  (either	
  from	
  semileptonic	
  
b	
  or	
  c	
  decay,	
  photon	
  conversions,	
  
or	
  jets	
  misiden3fied	
  as	
  leptons).	
  

•  e.g.	
  WZ,	
  O,	
  O+W,	
  WW,	
  single	
  top.	
  
•  Es3mate	
  using	
  semi-­‐data-­‐driven	
  

“weigh3ng	
  method”:	
  

Irreducible	
  background:	
  
•  contains	
  four	
  real	
  leptons.	
  e.g.	
  ZZ,	
  ZWW,	
  ZZZ,	
  

O+Z,	
  O+WW,	
  O+Higgs,	
  Z+Higgs,W	
  +Higgs	
  	
  	
  
(gauge	
  bosons	
  can	
  be	
  off-­‐shell).	
  

•  Es3mate	
  using	
  MC,	
  applying	
  correc3ons	
  to	
  
accoung	
  for	
  data/MC	
  differences.	
  

•  Validate	
  in	
  regions	
  with	
  different	
  kinema3c	
  
requirements	
  such	
  that	
  these	
  contribu3ons	
  
are	
  enhanced.	
  

Define	
  lS	
  and	
  lL	
  as	
  leptons	
  passing	
  all	
  signal	
  criteria,	
  or	
  loosened	
  criteria,	
  respec3vely.	
  
Reducible	
  bkg	
  es3mate	
  is	
  	
  
[Ndata(3lS+lL)-­‐NMC,irr(3lS+lL)]*F(lL)	
  +	
  [Ndata(2lS+lL1+lL2)	
  –NMC,irr(2lS+lL1+lL2)]*F(lL1)*F(lL2)	
  
Where	
  NMC,irr	
  is	
  irreducible	
  background	
  contribu3on,	
  and	
  F(lL)	
  is	
  fake	
  ra3o,	
  determined	
  
from	
  MC	
  and	
  validated	
  in	
  data	
  control	
  regions.	
  



Constraints	
  on	
  RPV	
  couplings	
  

•  Non-­‐observa3on	
  of	
  proton	
  decay	
  effec3vely	
  excludes	
  processes	
  
that	
  violate	
  both	
  lepton	
  and	
  baryon	
  number.	
  
–  Many	
  RPV	
  models	
  assume	
  “single	
  coupling	
  dominance”,	
  i.e.	
  turn-­‐on	
  

one	
  coupling,	
  leave	
  the	
  others	
  as	
  zero.	
  
•  CKM	
  unitarity,	
  and	
  τ	
  decays,	
  give	
  upper	
  limits	
  of	
  order	
  0.05	
  on	
  λ	
  

couplings	
  (arXiv:0910.4980).	
  
•  Neutrino	
  masses	
  constrain	
  λ122	
  	
  λ133	
  	
  λ232	
  λ233	
  to	
  be	
  smaller	
  than	
  

about	
  5*10-­‐4	
  (arXiv:1005.3309)	
  
•  Limits	
  on	
  neutron	
  oscilla3on	
  imply	
  λ’’11k	
  <	
  10-­‐8.	
  
•  Very	
  weak	
  constraints	
  on	
  third-­‐genera3on	
  λ’’	
  couplings!	
  
•  Note	
  that	
  non-­‐zero	
  but	
  small	
  values	
  of	
  couplings	
  would	
  lead	
  to	
  

long-­‐lived	
  signatures,	
  e.g.	
  displaced	
  ver3ces.	
  
–  Life3me	
  is	
  propor3onal	
  to	
  1/(coupling)2.	
  
–  See	
  talk	
  by	
  Nimrod	
  Taiblum	
  for	
  an	
  example	
  of	
  ATLAS	
  search	
  for	
  

displaced	
  ver3ces	
  arising	
  from	
  small	
  λ’	
  coupling.	
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e/mu/tau	
  resonance	
  search:	
  	
  
selec3on	
  and	
  backgrounds.	
  

•  Use	
  single	
  electron	
  trigger	
  for	
  eμ	
  and	
  
eτ	
  searches	
  

•  Single	
  muon	
  trigger	
  for	
  μτ	
  searches.	
  

•  Electron	
  or	
  muon	
  candidates	
  must	
  be	
  
isolated,	
  and	
  	
  have	
  pT	
  >	
  25	
  GeV.	
  

•  tau	
  candidates	
  must	
  have	
  pT>20	
  GeV.	
  
•  BDT	
  discriminator	
  used	
  for	
  tau	
  ID.	
  

•  2	
  leptons	
  required	
  to	
  have	
  different	
  
flavour,	
  opposite	
  charge,	
  and	
  be	
  back-­‐
to-­‐back	
  in	
  aximuthal	
  angle,	
  Δφ>2.7.	
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•  “Direct	
  lepton	
  backgrounds”,	
  e.g.	
  
Obar,	
  Z,	
  WW,	
  ZZ,	
  WZ,	
  Wt,	
  	
  es3mated	
  
using	
  MC.	
  

•  Semi-­‐data-­‐driven	
  methods	
  used	
  	
  to	
  
es3mate	
  “jet	
  backgrounds”	
  ,	
  where	
  
one	
  or	
  both	
  lepton	
  candidates	
  is	
  a	
  
misiden3fied	
  jet.	
  
–  Main	
  bkg	
  is	
  W+jets.	
  
–  Es3mate	
  contribu3on	
  using	
  control	
  

sample	
  with	
  MET>30	
  GeV.	
  
–  Es3mate	
  mul3-­‐jet	
  background	
  using	
  

“same	
  sign”	
  selec3on,	
  since	
  prob.	
  of	
  
iden3fying	
  a	
  jet	
  as	
  a	
  lepton	
  is	
  independent	
  
of	
  charge.	
  

Use	
  m(ll)<200	
  GeV	
  as	
  a	
  control	
  region	
  for	
  background	
  
es3ma3on,	
  m(ll)>200	
  GeV	
  as	
  signal	
  region.	
  


