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  Total	
  produc7on	
  cross	
  sec7ons	
  for	
  pair-­‐produc7on	
  
of	
  squarks	
  and	
  gluinos	
  are	
  one	
  of	
  the	
  important	
  
theory	
  ingredients	
  entering	
  limits	
  determina7on	
  

  Theore7cal	
  predic7ons	
  currently	
  used	
  by	
  ATLAS	
  and	
  
CMS:	
  resummed	
  predic7ons	
  at	
  NLL+NLO	
  accuracy	
  

  This	
  talk:	
  status	
  of	
  the	
  tool	
  for	
  these	
  predic7ons	
  
(NLL-­‐FAST)	
  and	
  one	
  log	
  higher:	
  NNLL	
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Why	
  NLO+NLL?	
  
Resumma7on:	
  

  systema7cally	
  takes	
  into	
  acoount	
  
dominant	
  parts	
  of	
  the	
  higher	
  order	
  
correc7ons	
  

  reduces	
  theory	
  (scale	
  varia7on)	
  
error	
  



  NLO	
  SUSY-­‐QCD	
  correc7ons	
  →	
  O(αs3 )  	
  [Beenakker,	
  Höpker,	
  Spira,	
  Zerwas'96]	
  [Beenakker,	
  
Krämer,	
  Plehn,	
  Spira,	
  Zerwas’97]	
  

  EW	
  correc7ons	
  →	
  O(αs2 α) 	
  	
  [Hollik,	
  Kollar,	
  Trenkel'07][Hollik,	
  Mirabella'08]	
  [Hollik,	
  	
  Mirabella,	
  
Trenkel'08]	
  [Beccaria	
  et	
  al.'08]	
  [Mirabella'09]	
  [Germer,	
  Hollik,	
  Mirabella,	
  Trenkel’10]	
  ]	
  [Germer,	
  Hollik,	
  
Mirabella’11]	
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[Langenfeld,	
  Moch'09]	
  [Langenfeld.	
  
Moch,Pfoh’12]	
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  NLL-­‐fast	
  =	
  public	
  tool	
  producing	
  NLL+NLO	
  results	
  for:	
  

  squark	
  and	
  gluino	
  pair-­‐produc7on	
  

  stop-­‐an7stop	
  (sboXom-­‐an7sboXom)	
  produc7on	
  

  gluino	
  pair-­‐produc7on	
  in	
  the	
  decoupling	
  limit	
  of	
  large	
  squark	
  masses	
  and	
  vice	
  versa 	
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  Star7ng	
  from	
  2011,	
  NLL-­‐fast	
  used	
  in	
  the	
  
analysis	
  of	
  experimental	
  data	
  for	
  	
  7	
  and	
  8	
  
TeV	
  	
  by	
  both	
  ATLAS	
  and	
  CMS	
  as	
  documented	
  
in	
  [Krämer,	
  AK,	
  van	
  der	
  Leeuw,	
  	
  Mangano,	
  
Padhi,	
  Plehn,	
  Portell,	
  arXiv:1206.2892],	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  see	
  also	
  

hXp://web.physik.rwth-­‐aachen.de/service/wiki/bin/view/Main/BSMCrossSec7onWorkingGroup	
  

hXp://hXp://pauli.uni-­‐muenster.de/~akule_01/nllwiki/index.php/NLL-­‐fast	
  and	
  

hXps://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSec7ons	
  



  Available	
  versions	
  of	
  NLL-­‐fast	
  deliver	
  predic7ons	
  for	
  all	
  processes	
  of	
  squark	
  and	
  gluino	
  
produc7on,	
  including	
  stop	
  and	
  decoupling	
  limits	
  at	
  √s	
  =	
  7,	
  8	
  and	
  13	
  TeV	
  	
  

  A	
  full	
  version	
  of	
  NLL-­‐fast	
  for	
  √s	
  =	
  14	
  	
  TeV	
  in	
  prepara7on	
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  A	
  “light”	
  version	
  of	
  NLL-­‐fast	
  for	
  √s	
  =	
  14	
  and	
  33	
  TeV	
  is	
  also	
  available,	
  covering	
  stop-­‐
an7stop	
  as	
  well	
  as	
  gluino	
  and	
  squark	
  produc7on	
  in	
  the	
  decoupling	
  limits	
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Example:	
  gluino	
  produc7on	
  in	
  the	
  decoupling	
  limit	
  of	
  large	
  squarks	
  masses	
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plots	
  by	
  X.	
  Portell	
  

→	
  a	
  write-­‐up	
  in	
  preparahon	
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  Resumma7on	
  of	
  sob	
  and	
  	
  Coulomb	
  correc7ons	
  together	
  
  in	
  momentum	
  space,	
  using	
  SCET	
  and	
  NRQCD,	
  for	
  ALL	
  processess	
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  [Beneke,	
  Schwinn,	
  

Falgari	
  ’09-­‐’10]	
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  effects	
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  in	
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  Schwinn,	
  Wever’13].	
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Partonic	
  cross	
  sec7on	
  in	
  orthogonal	
  basis	
  in	
  colour	
  space	
  for	
  which	
  ΓIJ	
  is	
  diagonal	
  in	
  the	
  
threshold	
  limit	
  (s-­‐channel	
  basis	
  [AK,	
  Motyka’	
  09],	
  [Beneke,	
  Falgari,	
  Schwinn’09])	
  

�̃(res,N)
ij�kl

NNLL=
�

I

�̃(0,N)
ij�kl,I C(N)

ij�kl,I �(N)
i �(N)

j �(soft,N)
ij�kl,I

SoY-­‐collinear	
  radia7on	
  from	
  
incoming	
  partons,	
  universal,	
  

known	
  

SoY,	
  wide-­‐angle	
  emission,	
  
process	
  dependent	
  Hard	
  func7on	
  

sum	
  over	
  colour	
  
channels	
  

�(N)
i �(N)

j �(soft),N
ij�kl,I = exp

�
Lg1(�sL) + g2(�sL) + �sg3(�sL) + . . .

⇥

LL	
   NLL	
   NNLL	
  

NNLL	
  recently	
  finished	
  for	
  all	
  processes	
  -­‐>	
  this	
  talk	
  

NLL:	
  currently	
  used	
  in	
  experimental	
  analysis	
  



  Exponen7als	
  at	
  NNLL	
  accuracy	
  (need	
  the	
  NNLL	
  func7on	
  g3)	
  →	
  available	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
[Moch,Vermaseren,Vogt’04][Contopanagos,	
  Laenen,Sterman’96][Catani,	
  de	
  Florian,	
  Grazzini’01][Beneke,	
  Fallgari,	
  
Schwinn’09][Czakon,	
  Mitov,	
  Sterman’09]	
  [Ferroglia,	
  Neubert,	
  Pecjak,	
  Yang’09]	
  	
  

  Matching	
  coefficients	
  

  SoY-­‐Coulomb	
  factoriza7on	
  [Bonciani,	
  Catani,	
  Mangano,	
  Nason’98][Beneke,	
  Falgari,	
  Schwinn’09-­‐10]	
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�(N)
i �(N)

j �(soft),N
ij�kl,I = exp

�
Lg1(�sL) + g2(�sL) + �sg3(�sL) + . . .

⇥

�̃(res,N)
ij�kl

NNLL=
�

I

�̃(0,N)
ij�kl,I C(N)

ij�kl,I �(N)
i �(N)

j �(soft,N)
ij�kl,I
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�(N)
i �(N)

j �(soft),N
ij�kl,I = exp

�
Lg1(�sL) + g2(�sL) + �sg3(�sL) + . . .

⇥

Shopping	
  list	
  for	
  NNLL:	
  

✔	
  

C(N)
ij�kl,I

NNLL=
�
1 +

�s

⇤
CCoul,(1)

ij�kl,I (N, {m2}, µ2)
⇥ �

1 +
�s

⇤
C(1)

ij�kl,I({m
2}, µ2)

⇥
C(N)

ij!kl,I ! C(N)

ij!kl,I +
↵2

s

⇡2

CCoul,(2)
ij!kl,I (N, {m2}, µ2)

  1st	
  and	
  2nd	
  	
  order	
  Coulomb	
  effects	
  also	
  known	
   ✔	
  

  Remaining	
  hard	
  matching	
  coefficients	
  	
  →	
  need	
  to	
  be	
  calculated	
  
[Beenakker,	
  Janssen,	
  Lepoeter,	
  Krämer,	
  AK,	
  Laenen,	
  Niessen,Thewes,	
  Van	
  Dal’13]	
  



  Resummed	
  expression	
  is	
  matched	
  with	
  the	
  perturba7ve	
  result	
  to	
  avoid	
  double	
  
coun7ng	
  

  NNLL	
  matched	
  to	
  NNLOapprox	
  

  2nd	
  order	
  correc7on	
  constructed	
  out	
  of	
  dominant	
  terms	
  in	
  β	
  as	
  β→0	
  for	
  arbitrary	
  colour	
  
representa7on	
  [Beneke	
  et	
  al’09]	
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⌅(match)
h1h2⇥kl(⇤, {m2}, µ2) =

⇥

i,j=q,q̄,g

⇤ CMP +i⇤

CMP�i⇤

dN

2⇥i
⇤�N f (N+1)

i/h1
(µ2) f (N+1)

j/h2
(µ2)

⇥
⌅

⌅̂(res,N)
ij⇥kl ({m2}, µ2) � ⌅̂(res,N)

ij⇥kl ({m2}, µ2)
���

NLO

⇧

+ ⌅NLO
h1h2⇥kl(⇤, {m2}, µ2) ,f.-­‐o.	
  

f.-­‐o.	
  

σ h1h2→kl
NNLO, approx =σ h1h2→kl

NLO +Δσ h1h2→kl
NNLO, approx
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m
q̃

K
x

(pp! q̃q̃ + X)
p

S = 8 r = mg̃

mq̃
= 1.0

µ
F

= µ
R

= m
q̃

NNLO
Approx

µ/µ0

�(pp! q̃q̃ + X)
p

S = 8

µ0 = mg̃ = mq̃ = 1200

€ 

Kx =
σ x

σNLO

  1-­‐loop	
  Coulomb	
  coefficients	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  for	
  I=	
  3	
  and	
  6	
  have	
  opposite	
  signs	
  →	
  dampens	
  the	
  growth	
  
of	
  the	
  correc7ons	
  with	
  mass,	
  as	
  compared	
  to	
  NLL+NLO.	
  Addi7onal	
  dampening	
  due	
  to	
  
differences	
  between	
  NNLO	
  and	
  NLO	
  quark	
  pdfs	
  

�ij,I =
1
2

(CI �Ci �Cj)

[Beenakker,	
  Borschensky,	
  Krämer,	
  AK,	
  Laenen,	
  Theeuwes,	
  Thewes,	
  in	
  preparahon]	
  

PRELIMINARY	
  

PRELIMINARY	
  

MSTW2008NNLO	
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m
q̃

K
x

(pp! q̃¯̃q + X)
p

S = 8 r = mg̃

mq̃
= 1.0

µ
F

= µ
R

= m
q̃

NNLO
Approx

µ/µ0

�(pp! q̃¯̃q + X)
p

S = 8

µ0 = mg̃ = mq̃ = 1200

€ 

Kx =
σ x

σNLO

  Update	
  on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

[Beenakker,	
  Borschensky,	
  Krämer,	
  AK,	
  Laenen,	
  Theeuwes,	
  Thewes,	
  in	
  preparahon]	
  

[Beenakker,	
  Brensing,	
  AK,	
  Laenen,Niessen’11]	
  

PRELIMINARY	
  
PRELIMINARY	
  

MSTW2008NNLO	
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  Borschensky,	
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m
av

K
x

(pp! q̃g̃ + X)
p

S = 8 r = mg̃

mq̃
= 1.0

µ
F

= µ
R

= m
av

NNLO
Approx

µ/µ0

�(pp! q̃g̃ + X)
p

S = 8

µ0 = mg̃ = mq̃ = 1200

€ 

Kx =
σ x

σNLO

PRELIMINARY	
  

MSTW2008NNLO	
  



  Total	
  cross	
  sec7ons	
  for	
  ALL	
  pair-­‐produc7on	
  processes	
  of	
  squark	
  and	
  gluino,	
  
including	
  stop	
  and	
  sborom,	
  are	
  known	
  at	
  NLO+NLL	
  (soY	
  and	
  soY+Coulomb);	
  
tools	
  are	
  available	
  	
  

	
  	
  	
  	
  	
   	
   	
  →	
  NLL-­‐FAST	
  for	
  7,	
  8,	
  13,	
  14	
  and	
  33	
  TeV	
  

  New	
  results,	
  increasing	
  accuracy	
  of	
  resumma7on:	
  NNLL	
  resumma7on	
  for	
  all	
  
processes	
  of	
  squark	
  and	
  gluino,	
  matched	
  to	
  approximated	
  NNLO	
  result	
  

  For	
  the	
  processed	
  discussed	
  here	
  we	
  observe	
  the	
  new	
  results	
  lead	
  to	
  very	
  
significant	
  increase	
  of	
  the	
  K-­‐factor	
  wrt.	
  NLO	
  

  Reduc7on	
  of	
  the	
  theory	
  error	
  due	
  to	
  decreased	
  scale	
  dependence	
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