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This	  talk	  

u  Try	  to	  sketch	  broadly	  the	  evolving	  approach	  to	  
two	  topics	  
u  How	  to	  cover	  so	  many	  potenQal	  signals	  
u  How	  to	  measure	  backgrounds	  

u  Do	  not	  focus	  on	  interpretaQon	  of	  where	  the	  
sum	  of	  null	  results	  leaves	  us	  
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How	  to	  search	  for	  SUSY	  
u  Want	  to	  cover	  a	  vast	  search	  space	  

u  To	  first	  order,	  any	  combinaQon	  of	  SM	  parQcles	  +	  
MET	  =	  RPC	  SUSY	  

u  SQll	  great	  interest	  in	  SUSY	  è	  many	  clever,	  
moQvated	  people	  searching	  for	  it	  
u  Ideally,	  would	  have	  them	  working	  in	  a	  
complementary	  way	  

u  Since	  we	  don’t	  really	  know	  what	  we’re	  looking	  
for,	  we	  also	  won’t	  really	  know	  what	  we’ve	  
found	  

Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   5	  



SUSY	  search	  organizaQon	  
u  Searches	  generally	  organized	  by	  final	  state	  
parQcles	  

u  Some	  sociology	  to	  this	  	  
	  (Keeps	  us	  out	  of	  each	  other’s	  hair)	  

u  But	  also	  some	  physics…	  

Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   6	  



Complementarity	  

u  Many	  non-‐overlapping	  final	  states	  allows	  for	  
broad	  coverage	  of	  signature	  space	  

u  Allows	  people	  to	  focus	  on	  specific	  challenges	  
u  300	  people	  understanding	  the	  shape	  of	  an	  
inclusive	  MET	  tail	  would	  be	  bad	  

u  300	  people	  studying	  specific	  corners	  of	  the	  MET	  
tails	  is	  more	  frui_ul	  

u  Ex.	  backgrounds	  in	  a	  hadronic	  search	  are	  very	  different	  
from	  a	  mulQ-‐lepton	  search	  

Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   7	  



CombinaQons	  
u  Formal	  separaQon	  of	  final	  states	  also	  allows	  for	  

combinaQons	  of	  different	  searches	  for	  the	  same	  model	  

Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   8	  
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Pondering	  a	  Discovery	  
u  SUSY	  discovery	  will	  be	  complicated	  

u  Not	  like	  HàZZ	  or	  Zàμμ	  (or	  X750-‐>γγ!)	  
u  We’ll	  need	  the	  whole	  array	  of	  results	  (posiQve	  
and	  negaQve)	  to	  tease	  out	  a	  discovery	  
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5.2 Evaluation of systematic uncertainties 7

Table 1: Overview over the analyses and their application to the different models.

Analysis Luminosity Model
( fb�1) NM1 NM2 NM3 STC STOC

all-hadronic (HT-Hmiss
T ) search 300

3000
all-hadronic (MT2) search 300

3000
all-hadronic eb1 search 300

3000
1-leptonet1 search 300

3000
monojetet1 search 300

3000
m`+`� kinematic edge 300

3000
multilepton + b-tag search 300

3000
multilepton search 300

3000
ewkino WH search 300

3000

< 3s 3 � 5s > 5s

with an efficiency of unity. The FastJet area method [31] is applied to correct measurements
of jets and energy in the calorimeters for the contribution from neutral pileup particles and
charged pileup particles outside the tracker acceptance.

About 10 to 100 million events per background process are produced with MADGRAPH 5 [14,
15], including up to four extra partons from initial and final state radiation, matched to PYTHIA 6.4
for fragmentation and hadronization. The background cross section is normalized to the next-
to-leading-order (NLO) cross section, which is based on the work in preparation for the Snow-
mass summer study 2013 and discussed in more detail in Refs. [32–34].

5.2 Evaluation of systematic uncertainties

All presented studies are based on 8 TeV analyses, where the systematic uncertainties have
been evaluated based on the various background estimation methods. We assume that the
backgrounds will be estimated in a similar way for the 14 TeV analyses in the future, while in
this paper we use the Monte-Carlo prediction only. Therefore, we use the systematic uncertain-
ties of the 8 TeV analyses as starting point, and scale them on a case-by-case basis depending
on their origin and predicted development of this origin:

• If the selection requirements of the 14 TeV analysis have been tightened such that the
background yield in the signal region is comparable to the one in the 8 TeV analysis,
we quote a typical uncertainty from the 8 TeV search. This is the case for both all-
hadronic analyses with HT-Hmiss

T and MT2 variables.



Inclusive	  vs	  Exclusive	  
u  Searches	  designed	  within	  each	  final	  state	  to	  be	  broadly	  

sensiQve	  
u  Lots	  of	  MET	  vs	  linle	  MET,	  Many	  jets	  vs	  few	  jets,	  etc.	  

u  Some	  topics	  moQvated	  well	  enough	  to	  target	  specifically	  
u  Ex.	  Direct	  stop	  pair	  producQon	  	  

Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   11	  
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Inclusive	  vs	  Exclusive	  

u  Mass	  reach	  improved	  ~100	  GeV	  in	  m(stop)	  and	  m(LSP)	  
u  Gain	  really	  only	  worth	  it	  for	  very	  well	  moQvated	  scenarios	  
u  Effect	  can	  cuts	  both	  ways	  (1L	  “stop”	  search	  does	  well	  in	  all	  

future	  studies	  scenarios…)	  
Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   12	  
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EvoluQon	  of	  Inclusive	  searches	  
u  EvoluQon	  to	  mulQ-‐dimensional	  binned	  
searches	  

	  

u  SensiQvity	  to	  many	  areas	  of	  phase	  space	  
simultaneously	  
u  Including	  many	  that	  you	  didn’t	  explicitly	  target	  
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Part	  2:	  Backgrounds	  

u  A	  search	  is	  really	  a	  background	  predicQon	  
compared	  to	  an	  observaQon	  

u  Very	  strong	  culture	  in	  Run	  1	  of	  maintaining	  
robust,	  highly	  data-‐driven	  background	  
strategies	  

u  The	  LHC	  and	  LHC	  energies	  were	  a	  giant	  
unknown,	  and	  we	  were	  appropriately	  cauQous	  
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Data-‐driven	  backgrounds	  
u  Example:	  Zàνν	  +	  jets	  

u  UQlize	  data	  Z	  +	  jets	  events	  with	  exact	  
selecQon	  as	  signal	  regions,	  except	  
Zàμ+μ-‐	  

u  Perfect	  understanding	  of	  jet	  acQvity,	  
lepton	  vetos,	  etc.	  

u  Only	  need	  to	  know	  μ	  efficiency,	  but	  
can	  measure	  that	  in	  Zàμ+μ-‐	  events,	  
too	  
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u  But	  limitaQon	  is	  clear:	  BR(Zàνν)/BR(Zàμ+μ-‐)	  ≈	  6	  
u  EvoluQon:	  where	  can	  assumpQons	  be	  well	  jusQfied	  
by	  known	  physics	  to	  improve	  precision?	  
u  Z-‐γ	  correspondence	  
u  independence	  of	  search	  variables	  



Data-‐driven	  backgrounds	  

u  Other	  features	  well	  suited	  
to	  nearly-‐fully	  data-‐driven	  
predicQons	  

u  Example:	  Search	  in	  Hàγγ 
plus	  jets	  and	  MET	  
u  Use	  sideband	  γγ	  shape	  
u  Can	  select	  exact	  search	  
region	  outside	  of	  m(γγ)	  

u  ABCD	  approaches	  with	  2	  
uncorrelated	  variables	  
u  Must	  sQll	  understand	  the	  
correlaQons	  very	  precisely	  
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Transfer	  factors	  
u  UQlize	  data	  control	  region	  with	  

high	  purity	  for	  a	  given	  background	  
u  Extrapolate	  to	  signal	  region	  

background	  with	  MC	  
u  Example:	  1μ	  control	  region	  to	  

predict	  hadronic	  “lost	  lepton”	  
background	  

u  Sig/SB	  raQo	  from	  MC	  miQgates	  
many	  possible	  uncertainQes	  

Keith	  Ulmer	  -‐	  KITP	  SUSY	  2016	   17	  

u  SQll	  rely	  on	  MC	  for	  “transfer	  factor”	  
u  Need	  theory	  uncertainQes	  (in	  addiQon	  to	  experimental):	  scale	  
variaQon,	  etc.	  

u  Now	  have	  lots	  of	  Run	  1	  experience,	  where	  MC	  largely	  
performs	  very	  well	  

u  Plus	  MC	  tools	  evolving	  rapidly,	  too	  
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Backgrounds	  from	  MC	  
u  Rely	  on	  pure	  MC	  predicQons	  for	  some	  “rare”	  backgrounds	  

u  “rare”	  =	  hard	  to	  uQlize	  control	  regions	  
u  Owen	  small	  contribuQons,	  so	  small	  effect	  on	  sensiQvity	  

u  Clear	  difficulty	  in	  assigning	  uncertainQes	  
u  Owen	  educated	  guesses	  (ex.	  50%)	  
u  Finer	  binning	  in	  searches	  makes	  challenge	  even	  more	  difficult	  
u  Bener	  MC	  tools	  and	  more	  data	  help	  
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Toward	  discovery	  
u  So	  far,	  all	  we	  do	  is	  set	  limits	  
u  But	  focus	  has	  to	  remain	  on	  discovery	  
u  For	  background	  predicQon,	  the	  issues	  can	  be	  
different	  
u  Search	  in	  tails	  with	  low	  backgroundèlimit	  seyng	  is	  
quesQon	  of	  how	  much	  signal	  can	  fit	  in	  the	  observed	  
data	  counts	  

u  Discovery	  is	  opposite	  quesQon:	  How	  well	  background	  
predicQon	  can	  fill	  the	  observed	  data	  counts	  

u  Must	  be	  careful	  not	  to	  over-‐opQmize	  for	  limits.	  
u  Need	  precise	  and	  believable	  background	  predicQons	  
(second	  is	  harder	  to	  quanQfy	  than	  the	  first….)	  
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Conclusions	  

u  Need	  well	  designed	  searches,	  and	  we	  had	  
many	  at	  8	  TeV	  

u  Need	  to	  understand	  interplay	  between	  them	  
to	  really	  prepare	  for	  a	  SUSY	  discovery	  

u  Diverse	  range	  of	  approaches	  to	  background	  
predicQon—should	  conQnue	  to	  improve	  with	  
bener	  tools	  and	  understanding	  of	  our	  data	  
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