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Outline

New physics effects in Higgs pair production at the LHC

Summary

couplings 
 
resonance 
 
associated with other particles 

See Jason’s talk!!
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Higgs	  boson	  
@	  LHC

HOWEVER, can NOT test/determine the Higgs boson self coupling!! 

get information of interactions between 
Higgs boson and other SM particles
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gg	  à	  h	  h	  	  

*	  w/	  3000	  G-‐1	  @	  100	  TeV	  pp	  collider,	  hhh	  coupling	  can	  be	  measured	  with	  8	  %	  accuracy	  
Yao,	  1308.6302

*	  quite	  promising	  that	  one	  can	  discover	  	  gg ! hh ! ��bb̄
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gg	  à	  h	  h	  	  
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“an upper limit of 3.9 pb on the cross 
section for non-resonant is extracted at 
95% confidence level”

ATLAS:
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tri-‐H	  coupling	  
at	  ILC

The	  measurement	  of	  the	  hhh	  coupling	  for	  mh	  ≃	  126	  GeV	  is	  very	  challenging	  at	  
the	  LHC	  and	  even	  at	  the	  high	  luminosity	  upgrade	  of	  the	  LHC.	  At	  the	  ILC,	  the	  hhh	  
coupling	  can	  be	  measured	  via	  e+e−	  →	  Zhh	  and	  e+e−	  →	  hhνν	  ̄.	  As	  indicated	  in	  
Chapter	  9,	  for	  the	  combined	  data	  taken	  at	  the	  ILC	  with	  √s	  =	  250	  with	  1150	  G−1	  
and	  500	  GeV	  with	  1600	  G−1,	  the	  hhh	  coupling	  can	  be	  measured	  with	  an	  
accuracy	  of	  about	  46%.	  By	  adding	  addi3onal	  data	  from	  a	  run	  of	  √s	  =	  1	  TeV	  with	  
2500	  G−1,	  one	  can	  determine	  the	  hhh	  coupling	  to	  an	  accuracy	  of	  about	  13%.	  
Therefore,	  the	  scenario	  for	  electroweak	  baryogenesis	  would	  be	  testable	  by	  
measuring	  the	  triple	  Higgs	  boson	  coupling	  at	  the	  ILC.	  	  


250 GeV, 1150 fb-1 + 
500 GeV, 1600 fb-1 : ~46%

e+e- à Zhh

+ 1 TeV, 2500 fb-1: ~13%
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NP	  effects	  in	  
gg	  à	  h	  h	  
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NP	  effects	  in	  
gg	  à	  h	  h	  (I) CRC	  and	  Low,	  PRD	  90.	  013018
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gg	  à	  h	  h	  
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total cross section itself is insensitive to Higgs trilinear coupling!!
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gg	  à	  h	  h	  
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more implications
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gg	  à	  h	  h	  
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gg	  à	  h	  h	  
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gg	  à	  h	  h	  
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gg	  à	  h	  h	  
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)

existence of a new resonance that decays into Higgs boson pair!

e.g. two doublet Higgs model, Gerogi-Machacek model, Gauged 2HDM…
Chang,	  CRC,	  Chiang,	  JHEP	  1703,137 CRC,	  Lin,	  Tran,	  Yuan	  1710.*****
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)

GM model : neutrino generation, extension in scalar sector
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)
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MH pp ! H0 ! hh
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)

some benchmark points

using bbγγ channel

mH � 500 GeV

500 GeV > mH � 250 GeV

using 4 b channel
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)
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NP	  effects	  in	  
gg	  à	  h	  h	  (II)

bb�� bbbb
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8 TeV, 20 fb-1

13 TeV, 3.2 fb-1

13 TeV, 30 fb-1

13 TeV, 300 fb-1

*current data excludes part of 
parameter space of BP G 

*with 30 fb-1, most of parameter space 
of BP C (M>500 GeV), D, E, F, G can be 
probed 
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IF the SM-like Higgs pair production signal is discovered, could we tell 
whether there is new physics?

cross section is consistent with SM prediction
No “obvious” bump in high invariant mass of hh 

similar distribution as SM, peaks around 400 ~ 500 GeV

Assuming:
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Summary	  

*	  A	  new	  scalar	  with	  mass	  ~	  125	  GeV	  is	  discovered	  and	  its	  proper3es	  are	  
consistent	  with	  SM	  Higgs	  boson.

*	  Higgs	  self-‐coupling	  is	  crucial	  to	  test	  SM	  and	  find	  NP!!	  à	  not	  measured	  yet.

*	  Higgs	  pair	  produc3on	  is	  important	  for	  the	  Higgs	  self-‐coupling,	  however,	  
total	  cross	  sec3on	  is	  not	  that	  sensi3ve	  to	  it,	  and	  NP	  may	  hide	  there.

*	  Kinema3c	  distribu3ons	  can	  break	  some	  degeneracy	  but	  more	  
informa3on	  is	  needed	  for	  a	  significant	  improvement!!

*	  With	  new	  resonance,	  the	  Higgs	  pair	  produc3on	  can	  be	  significantly	  
enhanced!!

*	  current	  data	  could	  be	  sensi3ve	  to	  heavy	  resonance	  produc3on

*	  future	  collider	  (e.g.	  100	  TeV	  p-‐p)	  could	  probe	  the	  structure	  of	  scalar	  
poten3al	  through	  Higgs	  pair	  produc3on
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