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NLOPS & MEPS features.

Theoretical considerations for MEPS ➞ MENLOPS.

How close can you get just combining today’s tools?

New SHERPA implementation.

Outline:

[ S.Höche, F.Krauss, M.Schönherr, F.Siegert ]
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Outline:

Throughout this talk 

NLO = NLO with respect to the X+0 jets process 
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NLOPS & MEPS features.

Theoretical considerations for MEPS ➞ MENLOPS.

How close can you get just combining today’s tools?

New SHERPA implementation. 

Outline:

[ S.Höche, F.Krauss, M.Schönherr, F.Siegert ]
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✝ For hard jets.

NLOPS & MEPS features

Accuracy✝ MEPS NLOPS

0-jet events LO NLO

1-jet events ... ...

2-jet events ... ...

NLOPS is best for hard X+0 jet description.☞
Wednesday, 8 September 2010
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✝ For hard jets.

NLOPS & MEPS features

Accuracy✝ MEPS NLOPS

0-jet events LO NLO

1-jet events LO LO

2-jet events ... ...

NLOPS & MEPS equal for hard X+1 jet description☞
Wednesday, 8 September 2010



pp ➞W + 2 jets

W

p p

MEPS

W+2 partons
ME ⊗ shower

Wednesday, 8 September 2010



pp ➞W + 2 jets
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Accuracy✝ MEPS NLOPS

0-jet events LO NLO

1-jet events LO LO

2-jet events LO LL

MEPS best for hard X+≥2 jet description.

✝ For hard jets.

NLOPS & MEPS features

☞
Wednesday, 8 September 2010



[ soft emission in NLOPS shouldn’t affect IR safe observables ]

✝ For hard jets.✝ For soft jets.

Accuracy✝ MEPS NLOPS

0-jet events LO ⊗ LL NLO ⊗ LL

1-jet events LO ⊗ LL NLO ⊗ LL

2-jet events LO ⊗ LL NLO ⊗ LL

NLOPS & MEPS features

Remember
disclaimer:
In this talk 

NLO means 
w.r.t. to X+0.
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MEPS:

Inclusive event sample ✔

LO description of hardest emission: X+1 jet events ✔

X+n jet [n ≥ 2] events LO ✔

LL resummation of multiple soft collinear emission ✔

LO normalisation and shape - no virtuals ✘

LO sensitivity to μR  and μF  ✘
Lots of mature, trusted, highly automated codes ✔ ✔

NLOPS & MEPS features

Wednesday, 8 September 2010



NLOPS:

Inclusive event sample ✔

LO description of hardest emission: X+1 jet events ✔

X+n jet [n ≥ 2] events shower approx ✘

LL resummation of multiple soft collinear emission ✔

NLO normalisation and shape - virtuals ✔

NLO sensitivity to μR  and μF  ✔
Lots of well tested codes, automation in progress ✔ ✔

NLOPS & MEPS features

Wednesday, 8 September 2010



MENLOPS:

Inclusive event sample ✔

LO description of hardest emission: X+1 jet events ✔

X+n jet [n ≥ 2] events LO ✔

LL resummation of multiple soft collinear emission ✔

NLO normalisation and shape - virtuals ✔

NLO sensitivity to μR  and μF  ✔

NLOPS & MEPS features

Wednesday, 8 September 2010



NLOPS & MEPS features.

Theoretical considerations for MEPS ➞ MENLOPS.

How close can you get just combining today’s tools?

New SHERPA implementation. 

Outline:

[ S.Höche, F.Krauss, M.Schönherr, F.Siegert ]
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POWHEG hardest emission x-sec:

 dσ = B(ΦB) dΦB    Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)

Integrand in Δ(pT) is exactly

⎧ ⎩⎨

POWHEG oversimplified

dΔ(pT)
⌠
⎮
⌡

1

Δ(pT,min)

⌠
⎮
⌡

dΦR [ ... ]  =  Δ(pT,min)  +   =  1  ☞
P.Nason 09/2004
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MEPS in the POWHEG language

 dσ = B(ΦB) dΦB    Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)

From general arguments the MEPS x-sec is:

[ For Sudakovs red hats ➞ blue hats ]

Effective Sudakov 
form factor; same 
LL accuracy as PS

Real emission x-sec
÷ Born x-sec

Born x-sec [LO]

N.B. Integrand in Δ(pT) is not R(ΦB,ΦR)/B(ΦB) !

KH, P.Nason 04/2010
Wednesday, 8 September 2010



MEPS in the POWHEG language

 dσ = B(ΦB) dΦB    Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)

From general arguments the MEPS x-sec is:

[For Sudakovs red hats ➞ blue hats]

Effective Sudakov 
form factor; same 
LL accuracy as PS

Real emission x-sec
÷ Born x-sec

Born x-sec [LO]

dΦR [ ... ] ≡ N(ΦB)     ≠  1  
⌠
⎮
⌡☞
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MEPS in the POWHEG language

Unitarity breaking manifest as BME(ΦB) fn in MEPS:

BME(ΦB)  ≡  B(ΦB) × N(ΦB) 

 dσ = BME(ΦB) dΦB

     Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)
N(ΦB) 

 =   B(ΦB) × [1 + O(αs)] 

Integrates to 1⎧ ⎩⎨
Wednesday, 8 September 2010



Turning MEPS into MENLOPS

Promoting MEPS ➞ MENLOPS:

     Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)
 dσ = BME(ΦB) dΦB

N(ΦB) 
⎧ ⎩⎨

Integrates to 1

 calculate BME(ΦB) and reweight MEPS by: B(ΦB)
BME(ΦB)

KH, P.Nason 04/2010
Wednesday, 8 September 2010



Turning MEPS into MENLOPS

Promoting MEPS ➞ MENLOPS:

     Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)
N(ΦB) 

⎧ ⎩⎨

Integrates to 1

 calculate BME(ΦB) and reweight MEPS by: B(ΦB)
BME(ΦB)

 dσ = B(ΦB) dΦB

KH, P.Nason 04/2010
Wednesday, 8 September 2010



N.B. We do not claim this is a general solution to the problem of 
         NLOPS-MEPS merging; only for simple processes.

Turning MEPS into MENLOPS

Promoting MEPS ➞ MENLOPS:

     Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)
N(ΦB) 

⎧ ⎩⎨

Integrates to 1

 dσ = B(ΦB) dΦB

KH, P.Nason 04/2010
Wednesday, 8 September 2010



NLOPS & MEPS features.

Theoretical considerations for MEPS ➞ MENLOPS.

How close can you get just combining today’s tools?

New SHERPA implementation.

Outline:

[ S.Höche, F.Krauss, M.Schönherr, F.Siegert ]

Wednesday, 8 September 2010



Basic idea:

Choose ‘MENLOPS jet merging scale’ such that for

X+≥2 jets MEPS is always at least as good as NLOPS. 

I.E. MEPS is not allowed to generate events in 
which two or more jets can be considered soft.

For X+0 jets take events from an NLOPS 

For X+1 jets take events from an NLOPS

For X+≥2 jets take events from an MEPS

How close can you get just combining today’s tools?

Wednesday, 8 September 2010



Surely this destroys NLO accuracy?

You get a sample of NLOPS events and replace the 2-jet 
events with ones from your MEPS.

Sounds pretty crude ...

But think about the 2-jet events come from the point of 
view of a perturbative expansion of the x-section ...

How close can you get just combining today’s tools?

Wednesday, 8 September 2010



 dσ = B(ΦB) dΦB

From earlier:

     Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)
N(ΦB) 

⎧ ⎩⎨

Integrates to 1

MENLOPS:
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MENLOPS:

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+1]
     ΔME(q*)

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]

 dσ     = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) dΦR
R
B

N(ΦB) 

Θ(q<q*)

How close can you get just combining today’s tools?
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Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+1]
     ΔME(q*)

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]

Approximating MENLOPS:

 dσ     = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) dΦR
R
B

N(ΦB) 

Θ(q<q*)

How close can you get just combining today’s tools?
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Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+1]
     ΔME(q*)

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]

Approximating MENLOPS:

 dσPW = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) R
B dΦRΘ(q<q*)

[ X+0 formally equivalent to exact method - by definition ]

How close can you get just combining today’s tools?

Wednesday, 8 September 2010



Θ(q>q*) dσPW = B(ΦB) dΦB
 [X+1]

   Δ(pT) R
B dΦR      ΔMC(q*)

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]

Approximating MENLOPS:

 dσPW = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) R
B dΦRΘ(q<q*)

[ X+0 formally equivalent to exact method - by definition ]

[ X+1 formally equivalent to exact method - by definition ]

How close can you get just combining today’s tools?
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     [1-ΔME(q*)]Θ(q>q*) dσME = K B(ΦB) dΦB
 [X+≥2]

   Δ(pT) R
B dΦR

Θ(q>q*) dσPW = B(ΦB) dΦB
 [X+1]

   Δ(pT) R
B dΦR      ΔMC(q*)

Approximating MENLOPS:

 dσPW = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) R
B dΦRΘ(q<q*)

[ X+0 formally equivalent to exact method - by definition ]

[ X+1 formally equivalent to exact method - by definition ]

How close can you get just combining today’s tools?

[ Equivalent to exact method neglecting irrelevant O(αs2) ]
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     [1-ΔME(q*)]Θ(q>q*) dσME = K B(ΦB) dΦB
 [X+≥2]

   Δ(pT) R
B dΦR

Θ(q>q*) dσPW = B(ΦB) dΦB
 [X+1]

   Δ(pT) R
B dΦR      ΔMC(q*)

Approximating MENLOPS:

 dσPW = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) R
B dΦRΘ(q<q*)

[ X+0 formally equivalent to exact method - by definition ]

[ X+1 formally equivalent to exact method - by definition ]
Not so fast ! 

What about unitarity and 
inclusive quantities ?!

How close can you get just combining today’s tools?

[ Equivalent to exact method neglecting irrelevant O(αs2) ]
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

How close can you get just combining today’s tools?

Wednesday, 8 September 2010



Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⌠
⌡
ΦR

How close can you get just combining today’s tools?

Wednesday, 8 September 2010



Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

Unitarity breaking⌠
⌡
ΦR

How close can you get just combining today’s tools?
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⌠
⌡
ΦR

⎧ ⎩⎨

At LL dσMEPS = dσPW
 [X+≥2] [X+≥2]

How close can you get just combining today’s tools?
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⌠
⌡
ΦR

⎧ ⎩⎨1+ O(αS)

How close can you get just combining today’s tools?
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⎧ ⎩⎨

Insist this be ≤ αS

⌠
⌡
ΦR

⎧ ⎩⎨1+ O(αS)

How close can you get just combining today’s tools?
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⌠
⌡
ΦR

⎧ ⎩⎨1+ O(αS)
 O(αS)⎧ ⎩⎨

How close can you get just combining today’s tools?
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

 = B(ΦB) dΦB [1 + O(αS2) ]

⌠
⌡
ΦR

⎧ ⎩⎨1+ O(αS)
 O(αS)⎧ ⎩⎨

How close can you get just combining today’s tools?
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How close can you get just combining today’s tools?

NLO accuracy will be safe if the fraction of X+≥2 jet 
events in the MENLOPS sample is less than αs :

≥2-jet ÷

≥2-jet

0-jet ≤ αs1-jet

Seen differently this is equivalent to confining the 2-jet 
phase space to the region where MEPS is always at least 
as good as NLOPS: it avoids the ‘double-soft’ region which 
would result in the 2-jet x-sec becoming O(1)!

Wednesday, 8 September 2010



Requiring,

means that you can’t merge MEPS & NLOPS at whatever 
MENLOPS scale you want ← limitation of the approximation!

The MENLOPS merging scale q* is bounded from below: if the scale 
gets too small P(≥2-jets) gets bigger than O(αS) spoiling NLO 
accuracy.

In the exact method there is no MENLOPS scale dependence 
[there is no such thing - just the MEPS scale].

Exact MENLOPS vs approximate MENLOPS

≥2-jet ÷

≥2-jet

0-jet ≤ αs1-jet

Wednesday, 8 September 2010



0-jet
1-jet

LO
LO

0-jet
> 0-jet

≥2-jet

≥2-jet

1. compute P[0-jets]
from NLOPS [NLO]

2. compute P[1-jet|≥1-jet]
from MEPS [LO]

1-jet

≥2-jet
0-jet1-jet

NLO
LO

LL

LO≥2-jet

How close can you get just combining today’s tools?

Wednesday, 8 September 2010



0-jet
1-jet

LO
LO

LO ≥2-jet

≥2-jet

NLOPS sample MEPS sample

0-jet1-jet

NLO

≥2-jet

NLO
LO
LO

3. From 1. & 2. compute:

P[0-jet]
P[1-jet]
P[≥2-jet]

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



≥2-jet
1-jet

0-jet1-jet

NLO

0-jet
1-jet

LO
LO

LO ≥2-jet

≥2-jet

NLOPS sample MEPS sample

☞ Defines proportions for MENLOPS sample

0-jet

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



☞ Take 0-jet events from NLOPS [NLO]

0-jet

≥2-jet
1-jet 0-jet0-jet

≥2-jet
1-jet

1-jet

NLO

0-jet
1-jet

LO
LO

LO≥2-jet

NLOPS sample MEPS sample

≥2-jet

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



☞ Take 0-jet events from NLOPS [NLO]

0-jet0-jet

≥2-jet
1-jet 0-jet

≥2-jet
1-jet

1-jet

NLO

0-jet
1-jet

LO
LO

LO≥2-jet

NLOPS sample MEPS sample

≥2-jet

NLO

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



☞ Take 1-jet events from NLOPS [∼LO]

0-jet0-jet

≥2-jet
1-jet 0-jet

≥2-jet
1-jet

NLO

0-jet
1-jet

LO
LO

LO≥2-jet

NLOPS sample MEPS sample

1-jet

≥2-jet

LO NLO

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



☞ Take ≥2-jet events from MEPS [LO]

0-jet0-jet

≥2-jet
1-jet 0-jet

≥2-jet
1-jet

NLO

0-jet
1-jet

LO
LO

LO≥2-jet

NLOPS sample MEPS sample≥2-jet
1-jet

LO

LO

NLO

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



Approximate MENLOPS sample

0-jet0-jet

≥2-jet
1-jet 0-jet

≥2-jet
1-jet

NLO

0-jet
1-jet

LO
LO

LO≥2-jet

NLOPS sample MEPS sample≥2-jet
1-jet

LO

LO

NLO

How close can you get just combining today’s tools?

LO

LL

Wednesday, 8 September 2010



Case studies: tt and W production
_

MEPS: MadGraph with ‘MLM-kT’ scheme

NLOPS: POWHEG-hvq [ tt, tops set stable ]

NLOPS: POWHEG-w [ W ➞ e  νe ]

PYTHIA: Q2 ordered shower in MEPS

PYTHIA: pT ordered shower for NLOPS

PDF: MRST 2002 NLO used everywhere

LHC nominal C.O.M. energy √S = 14 TeV

- - _

_

KH, P.Nason 04/2010
Wednesday, 8 September 2010



MEPS merging scale: 30 GeV

MENLOPS clustering scale: 60 GeV
MENLOPS MEPS content: 12.5 %

MEPS merging scale: 20 GeV

MENLOPS merging scale: 25 GeV
MENLOPS MEPS content: 5 %

W   production:

tt production:
_

-

Case studies: tt and W production
_

Wednesday, 8 September 2010



t̄t

t̄t

t̄t

Inclusive quantities: tt rapidity
_

NLOPS default MEPS default × K
MENLOPS NLOPS subsample= +MEPS subsample

NLO
accuracy

MEPS 
too

central

Wednesday, 8 September 2010



y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

Log[ynm] differential jet rates in tt events
_

MENLOPS NLOPS subsample= +MEPS subsample
NLOPS default MEPS default × K

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

y12

ynm n
m = n + 1

t̄t

y12

O (αS)

No kinks

Wednesday, 8 September 2010



W− → e−ν̄e

W−

W−

O (1%)

5%

Inclusive quantities: W   rapidity
_

MENLOPS NLOPS subsample= +MEPS subsample
NLOPS default MEPS default × K

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%

W− → e−ν̄e

W−

W−

O (1%)

5%
W− → e−ν̄e

W−

W−

O (1%)

5%

NLO stable 
above min scale

MEPS more
central

25 GeV MENLOPS scale 40 GeV MENLOPS scale
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Inclusive quantities: W    pT
_

MENLOPS NLOPS subsample= +MEPS subsample

25 GeV MENLOPS scale 40 GeV MENLOPS scale

NLOPS default MEPS default × K

NLO stable 
above min scale

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−

pT

W−

O (1%)
pT

pT pp → W (→ e−νe) + jets
W−

pT

W−

W−

pT

pT W−
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pT of hardest Jet in W   production
_

MENLOPS NLOPS subsample= +MEPS subsample
NLOPS default MEPS default × K

MENLOPS merge scale 25 GeV, jets resolved at 10 GeV.

Very small
kink.

No worse 
than MEPS 

case ...
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pT of hardest Jet in W   production
_

MENLOPS NLOPS subsample= +MEPS subsample
NLOPS default MEPS default × K

Same again but MENLOPS scale floating: N[25 GeV,52 GeV2]

Gone.
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2nd Jet pT and rapidity in W   events
_

MENLOPS NLOPS subsample= +MEPS subsample
NLOPS default MEPS default × K

Jet 2 much softer in NLOPS MEPS/MENLOPS 50 % 
more central

25 GeV

O (αS)

pT

W−

25 GeV

O (αS)

pT

W−

25 GeV

O (αS)

pT

W−

25 GeV

O (αS)

pT

W−

Here jet scale = MENLOPS scale = 25 GeV; MEPS = 20 GeV
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NLOPS & MEPS features.

Theoretical considerations for MEPS ➞ MENLOPS.

How close can you get just combining today’s tools?

New SHERPA implementation.

Outline:

[ S.Höche, F.Krauss, M.Schönherr, F.Siegert ]
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A complication arises if the phase-space separation criterion Qij,k is different from the parton-shower evo-
lution variable t. This can lead to the possibility of a shower emission Q < Qcut being allowed “between”
two branchings at Q > Qcut in the parton-shower history of the matrix element. In such cases, in order not
to spoil the colour ordering, which is relevant e.g. for the subsequent hadronisation, the existing branchings
need to be embedded into the parton-shower evolution. This leads to a truncated shower algorithm [2, 1].

3 Merging POWHEG and ME+PS - The MENLOPS approach

In this section, the two master equations for the POWHEG (Eq. (2.11)) and ME+PS (Eq. (2.17)) approaches
are compared and, finally, combined into one expression, defining the MENLOPS approach. The aim of this
combination algorithm is to simultaneously have NLO accuracy in the cross section, leading logarithmic
accuracy as implemented in the parton shower and hard higher-order emissions corrected using tree-level
matrix elements.

Our method of choice is to simply replace the unresolved part in Eq. (2.17) and the PS resolved part with
the respective POWHEG expression. This essentially amounts to the replacement of the parton-shower no-
emission probability with the corresponding POWHEG result, ∆(PS) → ∆(ME) and a substitution of the
leading-order weight B by B̄, like in the POWHEG method itself.

The ME part of the cross section is then generated separately starting from the real matrix element as
described in Sec. 2.2. This immediately implies that it will not automatically benefit from a POWHEG

implementation regarding the local K-factor B̄/B, and it is therefore necessary to supply this K-factor
explicitly. There is no a-priori definition of the Born-level parton configuration, {�a}B in this context, because
the ME event is defined in terms of a real-emission configuration {�a}R. One rather has to identify a POWHEG

branching history {�a}B → {�a}R, defining a mapping onto {�a}B such that B̄/B can be computed.

Implementing these ideas, the master formula for the first emission in MENLOPS is obtained as

�O�(MENLOPS) =
�

{�f }

�
dΦB({�p}) B̄({�a})



 ∆(ME)(t0, µ
2; {�a})� �� �

virtual/unresolved

O({�a})

+
�

{�ı,k̃}

�

fi={f̄ �ı,g}

1

16π2

� µ2

t0

dt

� zmax

zmin

dz

� 2π

0

dφ

2π
Jij,k(t, z,φ)

× 1

Sij

S(r�ı,k̃({
�f }))

S({�f })

Rij,k(r�ı,k̃({�a}))

B({�a})
O(r�ı,k̃({�a}))

×
�

∆(ME)(t, µ2; {�a})Θ
�
Qcut −Qij,k

�

� �� �
resolved, PS domain

+∆(PS)(t, µ2; {�a})Θ
�
Qij,k −Qcut

�

� �� �
resolved, ME domain

�


 .

(3.1)

Note that the arguments of Qij,k have been suppressed for ease of notation. The ME+PS part of this
expression can be rewritten as

�

{�ı,k̃}

� µ2

t0

dt
d log∆(ME)

�ı,k̃ (t, µ2; {�a})

dt
∆(PS)(t, µ2; {�a}) O(r�ı,k̃({�a})) , (3.2)

Comparing this with Eq. (2.12) reveals that a correction factor

∆(ME)(t, µ2; {�a})

∆(PS)(t, µ2; {�a})
(3.3)

would be needed in order to restore the POWHEG master formula. However, the expectation value of O is
still determined correct to O(αs), as Eq. (3.3) only contributes NNLO corrections when the corresponding
term in Eq. (3.1) is expanded.

At this point we would like to stress that in their publication Hamilton and Nason arrived at exactly the
same ideas [3].

6

Aims at the same exact ‘master formula’.

Slightly different perspective: POWHEG examined from the 
MEPS point of view instead of the other way round.

Höche et al
[this weeks arXiv]

MENLOPS scale implicit as MEPS merging scale Qcut.

New SHERPA implementation [S.Höche et al]
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SHERPA MENLOPS

 dσPW = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) R
B dΦRΘ(q<q*)

Θ(q>q*) dσ     = B(ΦB) dΦB
 [X+≥1]

   Δ(pT) R
B dΦR

[ X+0 formally equivalent to exact method - by definition ]

[ MEPS for [X+≥1]  but with B(ΦB) ➞ B(ΦB) ] 

New SHERPA implementation [S.Höche et al]
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[ MEPS for [X+≥1]  but with B(ΦB) ➞ B(ΦB) ] 

⎧ ⎩⎨

SHERPA MENLOPS

 dσPW = B(ΦB) dΦB
 [X+0]

     Δ(pT,min) + Δ(pT) R
B dΦRΘ(q<q*)

But remember MEPS [ ... ] isn’t unitary in ΦB. Need to make

sure integral over ΦR in dσSHERPA is O(αS). So, again q* is 
bounded from below to preserve NLO accuracy.

[ X+0 formally equivalent to exact method - by definition ]

New SHERPA implementation [S.Höche et al]

 [X+≥1]

Θ(q>q*) dσSHERPA = B(ΦB) dΦB
 [X+≥1]

   Δ(pT) R
B dΦR
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DØ data
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ME+PS (3-jet) × 1.2
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DØ data
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Figure 9: The transverse momentum of the reconstructed Z boson in Drell-Yan production at the Tevatron
at

√
s = 1.96 TeV. Experimental data stem from the DØ experiment [35, 36] and are described

in the text.

DØ data
MENLOPS (3-jet)
ME+PS (3-jet) × 1.2
POWHEG10−2

10−1

Inclusive Z boson rapidity

1/
σ
d

σ
/
d
|y
|(
Z
)

0 0.5 1 1.5 2 2.5

0.6

0.8

1

1.2

1.4

|y|(Z)

M
C
/
d
at
a

DØ data
MENLOPS (3-jet)
ME+PS (3-jet) × 1.2
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Figure 10: Rapidity of the reconstructed Z boson [37] (left) and azimuthal separation of the boson and the
leading jet [38] (right) in Drell-Yan lepton-pair production at the Tevatron at

√
s = 1.96 TeV.
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New SHERPA implementation [S.Höche et al]
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New SHERPA implementation [S.Höche et al]
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DØ data
MENLOPS (3-jet)
ME+PS (3-jet) × 1.2
POWHEG
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Figure 11: Inclusive jet multiplicity [39] (left) and transverse momentum of the leading jet [41] (right) in
Z+jets events at the Tevatron at

√
s = 1.96 TeV.
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DØ data
MENLOPS (3-jet)
ME+PS (3-jet) × 1.2
POWHEG
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Figure 12: Transverse momentum of the second and third jet [41] in Z+jets events at the Tevatron at√
s = 1.96 TeV.
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DØ data
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ME+PS (3-jet) × 1.2
POWHEG

10−6

10−5

10−4

10−3

10−2
pT of 1st jet (constrained electrons)

1/
σ
d

σ
/
d
p

1s
t
je
t

⊥

50 100 150 200 250 300

0.6

0.8

1

1.2

1.4

p
1st jet
⊥ [GeV]

M
C
/
d
at
a

Figure 11: Inclusive jet multiplicity [39] (left) and transverse momentum of the leading jet [41] (right) in
Z+jets events at the Tevatron at

√
s = 1.96 TeV.
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Figure 12: Transverse momentum of the second and third jet [41] in Z+jets events at the Tevatron at√
s = 1.96 TeV.
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New SHERPA implementation [S.Höche et al]

Higgs production

WW production at LHC

Comparison to TVT W/Z+jets data

Comparison to LEP data

Comparison to HERA data

ZU-TH 13/10

IPPP/10/73

DCPT/10/146

CERN-PH-TH/2010-195

MCNET/??/??

NLO matrix elements and truncated showers

Stefan Höche
1
, Frank Krauss

2,3
, Marek Schönherr

4
, Frank Siegert

2,5

1
Institut für Theoretische Physik, Universität Zürich, CH-8057 Zurich, Switzerland

2
Institute for Particle Physics Phenomenology, Durham University, Durham DH1 3LE, UK

3
PH-TH, CERN, CH-1211 Geneva 23, Switzerland

4
Institut für Kern- und Teilchenphysik, Technische Universität Dresden, D-01062, Dresden, Germany

5
Department of Physics & Astronomy, University College London, London WC13 6BT, UK

Abstract: In this publication, an algorithm is presented that combines the ME+PS approach
to merge sequences of tree-level matrix elements into inclusive event samples [1]
with the POWHEG method, which combines exact next-to-leading order matrix
element results with the parton shower [2]. It was developed in parallel to the
MENLOPS technique discussed in [3] and has been implemented in the event
generator SHERPA [4]. The benefits of this approach are exemplified by some first
predictions for a number of processes, namely the production of jets in e+e−-
annihilation, in deep-inelastic ep scattering, and in association with a single W ,
Z or Higgs boson, or with vector boson pairs at hadron colliders.

1 Introduction

In the past decade, the incorporation of higher-order corrections into parton-shower simulations has been in
the centre of formal improvements of existing general purpose Monte-Carlo event generators like HERWIG [5],
PYTHIA [6], and SHERPA [4]. As parton-showers approximate higher-order matrix elements only in the soft
and collinear limits of the real-emission phase space, they do inherently not yield a good prediction in
the hard domain. This deficiency can lead to rather large discrepancies between Monte Carlo predictions
and experimental data and should therefore be corrected. In this endeavour, two somewhat orthogonal
approaches have been pursued.

To improve the description of hard QCD radiation, “merging algorithms” (ME+PS), have been proposed [7],
which were shown to be correct up to next-to-leading logarithmic accuracy in e+e−-annihilation into hadrons.
These methods were improved and extended in a series of publications [8, 9]. A reformulation which generi-
cally maintains the logarithmic accuracy of the parton shower was achieved in [1]1, providing also the means
to classify the various other methods and implementations according to their formal accuracy. It is based
on “truncated” parton showers, which are a concept initially introduced in [2] in the context of the POWHEG

method. An alternative merging technique, known as “MLM merging”, was suggested in [12] and described
in more detail and compared with the other algorithms in [13].

While the ME+PS methods succeed at improving the simulation of multijet events, they do not address
the apparent problem that the total cross sections of the simulated inclusive samples are still of leading-

1 The algorithm has been further extended to include QED effects [10] and multi-scale problems [11].
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NLOPS & MEPS features: 
NLOPS is great except if you are as interested in X+≥2 jet events 
as you are in X+0 & X+1 jet events then MEPS is better.

Theoretical considerations for MEPS ➞ MENLOPS.
MENLOPS combines the accuracy of a *SINGLE* NLOPS with 
that of an MEPS. Key point: in the general case you need to 
make MEPS unitary [at least up to terms O(αS2)]! 

Summary:

Wednesday, 8 September 2010



New SHERPA implementation.
Fresh perspective and first attempt at theoretical extension of 
original exact MENLOPS theory to general case of multiple 
momentum mappings! Implementation too [ see this weeks 
arXiv ].

Approximating MENLOPS using today’s tools.
Works great too! NLO accuracy provided X+≥2 jet fraction is less 
than αS. Easy to do: we just ran codes off the shelf, out of the box; 
could’ve used Alpgen / Sherpa / Helac / Herwig++ / MC@NLO.       
In W events for MENLOPS scale = MEPS scale: P[X+≥2-jets] < 8%. 

Summary:

Wednesday, 8 September 2010



      ✝ Processes with only two genuine collinear singularities

New SHERPA implementation [S.Höche et al]

Original exact MENLOPS scheme               only considered 
for simplest case of ONE inverse momentum mapping 
ΦR➞ΦB i.e. old plus function / new FKS subtraction, with 
simple processes in mind✝: hh ➞ V / H / VH / VV / tt.

Non-trivial theoretical extension needed for general case of 
multiple inverse mappings ΦR➞ΦB [ need Sudakov FFs & 
real ME’s to pick which mapping ... ].

First attempt by Höche, Krauss, Schönherr, Siegert for 
dipole subtraction method! Implemented in SHERPA  [ see 
the arXiv this week ... ].

B / BME
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How close can you get just combining today’s tools?

Θ(q>q*) dσME = K B(ΦB) dΦB
 [X+≥2]

   Δ(pT) R
B dΦR     [1-ΔME(q*)]

For the description of events with two hard jets the 
distributions in the approximate & exact methods tend to 
the tree order 2-jet cross section:

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]
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Both agree neglecting terms O(αs3). 

How close can you get just combining today’s tools?

For the description of events with two hard jets the 
distributions in the approximate & exact methods tend to 
the tree order 2-jet cross section:

 dσ     = R2(ΦB,ΦR,ΦR’) dΦB dΦR dΦR’
 [X+≥2]

 dσME   = R2(ΦB,ΦR,ΦR’) dΦB dΦR dΦR’
 [X+≥2]
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How close can you get just combining today’s tools?

Θ(q>q*) dσME = K B(ΦB) dΦB
 [X+≥2]

   Δ(pT) R
B dΦR     [1-ΔME(q*)]

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]

For the description of events with two soft jets the 
distributions in the approximate & exact methods factorise 
in ΦB and ΦR:
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How close can you get just combining today’s tools?

The exact method is NLO in ΦB but the approximate one is 

LO. Moreover for q*→0 the integral over ΦR is O(1) i.e. big 

unitarity violation. Avoid q*→0 for have NLO accuracy.

 dσ     = B(ΦB) U(ΦR) dΦB dΦR
 [X+≥2]

 dσME = K B(ΦB) U(ΦR) dΦB dΦR
 [X+≥2]

For the description of events with two soft jets the 
distributions in the approximate & exact methods factorise 
in ΦB and ΦR:
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For the description of events with one hard and one soft jet 
[or two moderately soft jets] the distributions in the 
approximate & exact methods basically tend to:

How close can you get just combining today’s tools?

Θ(q>q*) dσME = K B(ΦB) dΦB
 [X+≥2]

   Δ(pT) R
B dΦR     [1-ΔME(q*)]

Θ(q>q*)
 dσ     = B(ΦB) dΦB

    Δ(pT) dΦR
R
B
N(ΦB) 

 [X+≥2]
     [1-ΔME(q*)]
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For the description of events with one hard and one soft jet 
[or two moderately soft jets] the distributions in the 
approximate & exact methods basically tend to:

How close can you get just combining today’s tools?

Both agree neglecting terms O(αs2). Fine for NLO. So 
insisting that the total 2-jet fraction is ≤ αs this should be 

the limiting behaviour in the 2-jet subsample.

Θ(q>q*)
 dσ     = B(ΦB) dΦB

dΦR
R
B

N(ΦB) 
 [X+≥2]

Θ(q>q*) dσME = K B(ΦB) dΦB
 [X+≥2] R

B dΦR
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What about inclusive observables at high energy? 

 dσ = B(ΦB) dΦB    Δ(pT,min) + Δ(pT) dΦR
R(ΦB ,ΦR)

B(ΦB)
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

What about inclusive observables at high energy? 
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⌠
⌡
ΦR

What about inclusive observables at high energy? 
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

Unitarity breaking⌠
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)
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⎧ ⎩⎨1+ O(αS)

What about inclusive observables at high energy? 

Wednesday, 8 September 2010



Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

I.E. if this goes ≥ αS in a high energy regime it’s OK as POWHEG 
doesn’t give you exactly the same as NLO result anyway there.
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Integrate approximate x-sec over ΦR :

 dσ =   dσPW + K dσMEPS - dσPW
 [X+≥2]  [X+≥2]

 [X+≥2]
 K   dσMEPS
⌠
⌡ΦR

 K   dσMEPS
⌠
⌡ΦR

 [X+≥2]

   dσPW
⌠
⌡ΦR

 [X+≥2]

1 -  = B(ΦB) dΦB   1 + 
 B(ΦB)

⌠
⌡
ΦR

⎧ ⎩⎨1+ O(αS)
 O(αS)⎧ ⎩⎨
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Just some reassurance in case you thought I 
messed up the NLO calculation on the last slide:
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