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Towards new physics searches	



Different	
  assumpBons	
  and	
  kinemaBcs	
  of	
  these	
  models	
  make	
  them	
  fully	
  orthogonal	
  or	
  parBally	
  	
  
overlapped	
  but	
  there	
  is	
  a	
  “somewhat”	
  common	
  interest	
  to	
  preserve	
  “naturalness”	
  

	
  
Light	
  Higgs	
  (~125	
  GeV)	
  plus	
  Low	
  Tuning	
  requires	
  Light	
  (ish)	
  BSM	
  parBcle(s)	
  

A	
  variety	
  of	
  BSM	
  analyses	
  are	
  conducted	
  at	
  the	
  LHC,	
  targe7ng	
  various	
  viable	
  models	
  
	
  

SUSY,	
  Little	
  Higgs,	
  Composite	
  Higgs,	
  Extra-­‐Dimension,	
  Heavy	
  Vector	
  Triplet…	
  
	
  	
  

LHC	
  13	
  TeV	
  data	
  is	
  criBcal	
  to	
  probe	
  these	
  models,	
  	
  
discover	
  or	
  constrain	
  	
  

SUSY	
  produc7on	
  	
   Heavy	
  fermion	
  produc7on	
  	
   Heavy	
  fermion	
  produc7on	
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Glance at Run I 	



CMS Searches for New Physics Beyond Two Generations (B2G)

95% CL Exclusions (TeV)
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Valuable	
  experience	
  was	
  gained	
  from	
  the	
  8	
  TeV	
  and	
  20	
  K-­‐1	
  Run	
  I	
  data	
  

This	
  is	
  not	
  a	
  	
  
full	
  list!	
  	
  

Run	
  I	
  sensi7vity	
  probed	
  various	
  models	
  around	
  1	
  TeV	
  and	
  above,	
  
depending	
  on	
  the	
  final	
  states	
  and	
  hypotheses	
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Boosted techniques in non-SUSY searches	



•  Boosted	
  topologies	
  become	
  cri7cal	
  for	
  high	
  mass	
  searches	
  	
  
•  Essen7al	
  to	
  retain	
  high	
  efficiency	
  for	
  the	
  signal	
  acceptance	
  
•  Various	
  algorithms	
  for	
  W±/Z/H/top	
  (decaying	
  hadronically)	
  
	
  	
  

Illustra7on	
  of	
  the	
  boosted	
  scenarios	
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Top/W/Z/H	
  taggers	
  work	
  for	
  	
  
a	
  large	
  range	
  of	
  jet	
  PT	
  

Direct	
  decay	
  into	
  SM	
  par7cles	
  leads	
  	
  
to	
  a	
  significant	
  boost	
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the	
  number	
  of	
  subjeBness	
  is	
  	
  
key	
  in	
  the	
  idenBficaBon	
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Resonant top pair production	



•  Model	
  independent	
  search	
  for	
  heavy	
  resonance	
  -­‐>	
  ]bar	
  
	
  	
  	
  	
  	
  	
  	
  (This	
  topology	
  appears	
  in	
  a	
  various	
  models,	
  Z’	
  and	
  KK	
  gluon	
  for	
  example)	
  	
  
	
  
•  Analysis	
  targets	
  the	
  semi-­‐leptonic	
  final	
  state	
  

single	
  lepton	
  (e/μ)	
  	
  
ETmiss	
  signature	
  
a	
  number	
  of	
  jets	
  	
  

	
  	
  
•  U7lize	
  Χ2	
  discriminator	
  for	
  leptonic	
  and	
  hadronic	
  top	
  pairs	
  
	
  	
  

B2G-­‐15-­‐002	
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top-­‐	
  and	
  b-­‐tagging	
  
	
  	
  exclusive	
  selec7ons	
  

+	
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Resonant top pair production	

 B2G-­‐15-­‐002	
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•  The	
  final	
  result	
  is	
  obtained	
  using	
  the	
  maximum-­‐likelihood	
  fit	
  to	
  the	
  data,	
  the	
  shapes	
  
derived	
  from	
  various	
  control	
  regions	
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Results	
  are	
  interpreted	
  for	
  KK	
  and	
  Z’	
  scenarios	
  Z’	
  width	
  ma]ers	
  	
   Very	
  similar	
  sensiBvity	
  
as	
  in	
  Run	
  I	
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VLQ T2/3 pair production	



•  Generic	
  search	
  for	
  the	
  pair	
  produc7on	
  of	
  T2/3	
  	
  	
  	
  -  T2/3	
  can	
  decay	
  in	
  three	
  modes	
  
	
  
	
  
•  Analysis	
  u7lizes	
  the	
  single	
  lepton	
  (e/μ)	
  +	
  a	
  number	
  of	
  jets	
  +	
  

ETmiss	
  signature	
  
	
  	
  
•  Sensi7vity	
  is	
  enhanced	
  by	
  splieng	
  the	
  sample	
  into	
  
-  b-­‐tag	
  jet	
  mul7plicity	
  requirement	
  (0,	
  1,	
  2,3)	
  
- W-­‐tag	
  requirement	
  (0	
  or	
  above)	
  

	
  

B2G-­‐16-­‐002	
  

T	
  -­‐>	
  Wb,	
  tH	
  or	
  tZ	
  

Baseline	
  BRs	
  
Wb(50%):tH(25%):tZ(25%)	
  

•  Background	
  es7mated	
  from	
  the	
  simula7on,	
  checked	
  in	
  dedicated	
  control	
  regions	
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VLQ T2/3 pair production	

 B2G-­‐16-­‐002	
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•  A	
  combina7on	
  of	
  these	
  exclusive	
  search	
  regions	
  

are	
  performed	
  for	
  the	
  final	
  result	
  	
  

•  Analysis	
  sensi7vity	
  probes	
  T2/3	
  up	
  to	
  750	
  GeV	
  

Improved	
  result	
  w.r.t	
  Run	
  I:	
  750	
  	
  vs	
  696	
  	
  GeV	
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•  Minimum	
  mass(lepton,	
  b-­‐tag)	
  is	
  a	
  powerful	
  variable	
  in	
  this	
  busy	
  environment	
  

LHC Ski 2016	

 April, 2016  8	





Nik Skhirtladze, KSU/CMS	



VLQ T2/3 single production	



•  Single	
  produc7on	
  of	
  T2/3	
  (first	
  CMS	
  result)	
  
-  Handedness	
  (right/lek)	
  	
  
-  Coupling	
  dependent	
  cross-­‐sec7on	
  
-  Various	
  produc7on	
  mechanisms	
  	
  	
  
	
  

•  Search	
  is	
  performed	
  with	
  the	
  single	
  lepton	
  (e/μ)	
  +	
  forward	
  
jet	
  +	
  boosted	
  Higgs	
  tagging	
  requirement	
  	
  

•  Addi7onal	
  kinema7c	
  selec7ons	
  for	
  back-­‐to-­‐back	
  topologies	
  
	
  
•  The	
   search	
   is	
   resonance-­‐type	
   with	
   the	
   invariant	
   mass	
  

selected	
  through	
  a	
  χ2	
  fit	
  	
  

	
  
•  The	
  data	
  driven	
  bkg	
  es7ma7on	
  from	
  the	
  sideband	
  region	
  
-  No	
  forward	
  jet	
  	
  
-  One	
  b-­‐tagged	
  subjet	
  in	
  Higgs	
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VLQ T2/3 single production	



T quark mass (GeV)
1000 1500

tH
) (

pb
)

→
 B

R(
T

× 
σ

0.1

1

10

=1.0, BR(tH)=BR(bW)/2L
bWTb, c

Obs 95% CL 
Exp 95% CL 

 1 std. deviation ±
 2 std. deviation ±

 (13 TeV)-12.3 fb

CMS
Preliminary

T quark mass (GeV)
1000 1500

|
LbW

|c

1

2

3

4
Obs 95% CL 
Exp 95% CL 

 1 std. deviation ±
 2 std. deviation ±

 (13 TeV)-12.3 fb

CMS
Preliminary

B2G-­‐15-­‐008	
  

T quark mass / GeV
0 500 1000 1500 2000

ev
en

ts
 / 

80
 G

eV

10

20

30

40

T quark mass (GeV)
0 500 1000 1500 2000

M
C

D
at

a-
M

C

0
1

Data
tH→(1700)lhT
tH→(1200)lhT

tH→(700)lhT
Stat. uncert. Bkg
Bkg. post-fit

 (13 TeV)-12.3 fb

CMS
Preliminary

electron+muon
channel

•  Handedness	
  influences	
  the	
  kinema7cs	
  
-  	
  Separate	
  results	
  for	
  Right	
  and	
  lek	
  handedness	
  

•  Final	
  result	
  is	
  obtained	
  from	
  the	
  fit	
  to	
  data	
  under	
  the	
  
background	
   only	
   hypothesis,	
   bkg	
   shapes	
   are	
   taken	
  	
  	
  	
  	
  	
  	
  
from	
  the	
  sideband	
  

First	
  ever	
  result	
  for	
  the	
  coupling	
  at	
  13	
  TeV	
  

Results	
  for	
  lek-­‐handed	
  coupling	
  (right-­‐handed	
  result	
  in	
  backup)	
  	
  	
  

BR(T-­‐>t+H)	
  =	
  25%	
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Di-boson searches 	



•  Heavy	
  W’	
  and	
  Z’	
  produc7on	
  	
  with	
  narrow	
  width	
  	
  
	
  	
  	
  	
  	
  	
  	
  (Generalized	
  model	
  within	
  “Heavy	
  Vector	
  Triplet”)	
  	
  

	
  
•  Search	
  is	
  performed	
  with	
  a	
  variety	
  of	
  final	
  states	
  

Z	
  -­‐>	
  ν	
  +	
  ν	
  	
  	
  
Z-­‐>	
  di-­‐lepton	
  	
  
W-­‐>	
  l	
  +	
  ν	
  	
  

	
  
•  The	
  main	
  bkg	
  exhibits	
  the	
  “fake”	
  Higgs	
  tagged	
  jet,	
  which	
  is	
  

es7mated	
  from	
  the	
  jet	
  mass	
  sidebands	
  

•  Other	
   backgrounds	
   (]bar,	
   top)	
   normaliza7on	
   obtained	
  
from	
  dedicated	
  control	
  regions	
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Width	
  of	
  Z’/W’	
  is	
  0.1%	
  	
  
of	
  their	
  masses	
  	
  

	
  

Z	
  
Z’	
  

+	
  Boosted	
  Higgs	
  tag	
  	
  

Regular	
  jet	
  can	
  “fake”	
  Higgs	
  tag	
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Di-boson searches 	



•  The	
  final	
  mass	
  peak	
  (MW’	
  or	
  MZ’)	
  is	
  determined	
  in	
  the	
  func7onal	
  form	
  aker	
  the	
  fit	
  to	
  data	
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The	
  upper	
  limit	
  on	
  the	
  cross-­‐sec7on	
  x	
  BR	
  ranges	
  10	
  –	
  200	
  K	
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Di-boson searches with low mass extension  	



•  Di-­‐boson	
  produc7on	
  via	
  the	
  bulk	
  graviton	
  (Warped	
  Extra	
  Dimension)	
  
	
  	
  	
  	
  	
  	
  	
  (extended	
  to	
  low	
  masses	
  region	
  where	
  the	
  ATLAS&CMS	
  see	
  some	
  excess)	
  

	
  
•  Search	
  is	
  performed	
  with	
  a	
  lepton,	
  ETmiss	
  and	
  W-­‐tagged	
  jet	
  in	
  0	
  b-­‐tag	
  region	
  

•  Analysis	
  is	
  orthogonal	
  to	
  WH/ZH/HH	
  resonance	
  searches	
  	
  
-  Tighter	
  W	
  mass	
  window	
  65-­‐95	
  GeV	
  

	
  
•  The	
  main	
  bkg	
  W+Jet	
  faking	
  the	
  W-­‐tag	
  is	
  es7mated	
  from	
  	
  
	
  	
  	
  	
  	
  the	
  jet	
  mass	
  sideband	
  (JetM	
  <	
  65	
  &	
  	
  JetM	
  >	
  95	
  GeV)	
  	
  
	
  
•  Other	
  backgrounds	
  (]bar)	
  normaliza7on	
  obtained	
  from	
  	
  
	
  	
  	
  	
  	
  dedicated	
  control	
  regions	
  	
  
	
  

B2G-­‐16-­‐004	
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Di-boson searches with low mass extension  	



•  Resonance	
  search	
  is	
  performed	
  using	
  the	
  W+W-­‐	
  peak	
  
	
  

B2G-­‐16-­‐004	
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W+jet	
  shape	
  is	
  modeled	
  via	
  the	
  transfer	
  factor	
  	
  
from	
  the	
  sideband	
  	
  

	
  

Limits	
  on	
  the	
  cross-­‐sec7on	
  ranges	
  from	
  623	
  to	
  63	
  K	
  
	
  

This	
  final	
  state	
  yields	
  the	
  most	
  stringent	
  
result	
  for	
  the	
  gluon	
  induced	
  fusion	
  signals	
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Summary	



	
  
•  A	
   large	
   number	
   of	
   models/scenarios	
   are	
   being	
   probed	
   by	
   the	
   CMS	
  

collabora7on	
  with	
  Run	
  II	
  data	
  

•  Some	
  analyses	
  have	
  reached	
  or	
  overpassed	
  the	
  Run	
  I	
  sensi7vity	
  with	
  a	
  	
  
small	
  chunk	
  of	
  data	
  (2.3	
  K-­‐1)	
  at	
  13	
  TeV	
  

•  Searches	
  for	
  resonances	
  and	
  heavy	
  fermions	
  show	
  no	
  excesses	
  with	
  this	
  
small	
  data	
  	
  

•  New	
  approaches/models	
  are	
  being	
  ac7vely	
  pursued	
  by	
  the	
  groups	
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Backup	
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Glance at Run II Prelimenary Results 	
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Glance at Run II Prelimenary Results 	
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Top pair production	

 B2G-­‐15-­‐002	
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Results	
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  interpreted	
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  scenarios	
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VLQ production cross-sections	
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VLQ T2/3 single production	
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VLQ T2/3 single production	
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Di-boson searches 	

 EXO-­‐15-­‐002	
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