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• ABPS not producing numbers for 8 TeV
• dFG NNLL+NNLO including OFFP line-shape 

Improved Higgs Cross-section  @ 8 TeV

✓ POWHEG at NLO
✓ Giampiero’s results

line-shape checked

 Comment about WG recommendation

use ZWA below 300 GeV
use OFFP above 300 GeV @300 GeV3.324 pb

3.606 pb

8.5% effect
in switching
procedure

HTO code (Passarino) produces results that match ZWA/BW at low masses
smooth results Numbers available for both prescriptions

 Better use (smooth) OFFP for all masses

 Start from exact NLO and include NNLO in the large!mtop limit

EW e&ects and some e&ects from EW 

ect of resummation is mimicked by choosing "F ="R =mH/2 as central scale
choice motivated by apparent better convergence of the perturbative series#

@7 TeV: combination of 
• dFG: deF, Grazzini (2009)

• ABPS: Anastasiou, Boughezal, Petriello, Stoeckli (2009)

• Agreement within 1-2%

thanks to Carlo Oleari



Inclusive cross sections at 8 TeV

•dFG (OFFP)

240.0 4.817 +5.9 E6.4 +7.3 E7.7 +13.2 E14.1
242.0 4.742 +5.9 E6.4 +7.3 E7.7 +13.2 E14.1
244.0 4.669 +5.9 E6.4 +7.3 E7.7 +13.2 E14.1
246.0 4.598 +5.8 E6.4 +7.4 E7.7 +13.2 E14.1
248.0 4.529 +5.8 E6.4 +7.4 E7.7 +13.2 E14.1
250.0 4.463 +5.8 E6.4 +7.4 E7.7 +13.2 E14.1
252.0 4.398 +5.8 E6.4 +7.4 E7.7 +13.2 E14.1
254.0 4.335 +5.8 E6.3 +7.5 E7.6 +13.3 E13.9
256.0 4.274 +5.8 E6.3 +7.5 E7.5 +13.3 E13.8
258.0 4.215 +5.8 E6.3 +7.5 E7.4 +13.3 E13.7
260.0 4.157 +5.8 E6.3 +7.6 E7.4 +13.4 E13.7
262.0 4.102 +5.8 E6.3 +7.6 E7.5 +13.4 E13.8
264.0 4.071 +5.8 E6.3 +7.6 E7.6 +13.4 E13.9
266.0 3.995 +5.8 E6.3 +7.6 E7.7 +13.4 E14.0
268.0 3.944 +5.8 E6.2 +7.6 E7.8 +13.4 E14.0
270.0 3.895 +5.8 E6.2 +7.6 E7.9 +13.4 E14.1
272.0 3.847 +5.8 E6.2 +7.6 E7.9 +13.4 E14.1
274.0 3.801 +5.8 E6.2 +7.6 E7.9 +13.4 E14.1
276.0 3.756 +5.8 E6.2 +7.6 E8.0 +13.4 E14.2
278.0 3.713 +5.7 E6.2 +7.6 E8.0 +13.3 E14.2
280.0 3.671 +5.7 E6.2 +7.6 E8.0 +13.3 E14.2
282.0 3.630 +5.7 E6.2 +7.6 E8.0 +13.3 E14.2
284.0 3.591 +5.7 E6.1 +7.6 E8.0 +13.3 E14.1
286.0 3.553 +5.7 E6.1 +7.6 E8.0 +13.3 E14.1
288.0 3.516 +5.7 E6.1 +7.6 E8.0 +13.3 E14.1
290.0 3.481 +5.7 E6.1 +7.6 E8.0 +13.3 E14.1
295.0 3.399 +5.7 E6.1 +7.6 E8.0 +13.3 E14.1
300.0 3.324 +5.7 E6.1 +7.7 E7.9 +13.4 E14.0

From(Here(OFFP(scheme
MH#(GeV) Sigma#(pb) ######TH#uncertainty#% pdf+#alpha_s#uncertainty#% ###########total#uncertainty

80.0 46.12 +8.8 E9.2 +7.9 E6.7 +16.7 E15.9
81.0 45.04 +8.8 E9.1 +7.9 E6.7 +16.7 E15.8
82.0 43.99 +8.7 E9.1 +7.9 E6.6 +16.6 E15.7
83.0 42.99 +8.7 E9.0 +7.9 E6.6 +16.6 E15.6
84.0 42.01 +8.6 E9.0 +7.9 E6.6 +16.5 E15.6
85.0 41.07 +8.6 E9.0 +7.9 E6.6 +16.5 E15.6
86.0 40.17 +8.5 E8.9 +7.9 E6.6 +16.4 E15.5
87.0 39.29 +8.5 E8.9 +7.9 E6.6 +16.4 E15.5
88.0 38.44 +8.4 E8.8 +7.9 E6.6 +16.3 E15.4
89.0 37.62 +8.4 E8.8 +7.8 E6.6 +16.2 E15.4
90.0 36.80 +8.3 E8.8 +7.8 E6.6 +16.1 E15.4
91.0 36.05 +8.3 E8.7 +7.8 E6.6 +16.1 E15.3
92.0 35.30 +8.2 E8.7 +7.8 E6.5 +16.0 E15.2
93.0 34.58 +8.2 E8.7 +7.8 E6.5 +16.0 E15.2
94.0 33.87 +8.1 E8.6 +7.8 E6.5 +15.9 E15.1
95.0 33.19 +8.1 E8.6 +7.8 E6.5 +15.9 E15.1
96.0 32.53 +8.1 E8.6 +7.8 E6.5 +15.9 E15.1
97.0 31.89 +8.0 E8.5 +7.8 E6.5 +15.8 E15.0
98.0 31.27 +8.0 E8.5 +7.8 E6.5 +15.8 E15.0
99.0 30.66 +8.0 E8.5 +7.8 E6.5 +15.8 E15.0

100.0 30.12 +7.9 E8.4 +7.8 E6.5 +15.7 E14.9
101.0 29.55 +7.9 E8.4 +7.8 E6.5 +15.7 E14.9
102.0 28.99 +7.9 E8.4 +7.8 E6.5 +15.7 E14.9
103.0 28.44 +7.8 E8.4 +7.8 E6.5 +15.6 E14.9
104.0 27.92 +7.8 E8.3 +7.8 E6.5 +15.6 E14.8
105.0 27.39 +7.8 E8.3 +7.7 E6.5 +15.5 E14.8
106.0 26.89 +7.7 E8.3 +7.7 E6.6 +15.4 E14.9
107.0 26.42 +7.7 E8.3 +7.7 E6.6 +15.4 E14.9
108.0 25.95 +7.7 E8.2 +7.7 E6.6 +15.4 E14.8
109.0 25.49 +7.6 E8.2 +7.7 E6.7 +15.3 E14.9
110.0 25.04 +7.6 E8.2 +7.7 E6.7 +15.3 E14.9
110.5 24.82 +7.6 E8.2 +7.7 E6.7 +15.3 E14.9
111.0 24.60 +7.6 E8.2 +7.6 E6.7 +15.2 E14.9
111.5 24.39 +7.5 E8.1 +7.6 E6.7 +15.1 E14.8
112.0 24.18 +7.5 E8.1 +7.6 E6.7 +15.1 E14.8
112.5 24.05 +7.5 E8.1 +7.6 E6.7 +15.1 E14.8
113.0 23.76 +7.5 E8.1 +7.6 E6.7 +15.1 E14.8
113.5 23.56 +7.5 E8.1 +7.6 E6.8 +15.1 E14.9
114.0 23.36 +7.5 E8.1 +7.6 E6.8 +15.1 E14.9
114.5 23.16 +7.5 E8.1 +7.6 E6.8 +15.1 E14.9
115.0 22.96 +7.4 E8.1 +7.6 E6.8 +15.0 E14.9
115.5 22.84 +7.4 E8.0 +7.6 E6.8 +15.0 E14.8
116.0 22.58 +7.4 E8.0 +7.5 E6.8 +14.9 E14.8
116.5 22.39 +7.4 E8.0 +7.5 E6.8 +14.9 E14.8
117.0 22.20 +7.4 E8.0 +7.5 E6.8 +14.9 E14.8
117.5 22.09 +7.4 E8.0 +7.5 E6.8 +14.9 E14.8
118.0 21.90 +7.4 E8.0 +7.5 E6.8 +14.9 E14.8
118.5 21.72 +7.3 E8.0 +7.5 E6.8 +14.8 E14.8
119.0 21.55 +7.3 E8.0 +7.5 E6.8 +14.8 E14.8
119.5 21.37 +7.3 E8.0 +7.5 E6.8 +14.8 E14.8
120.0 21.20 +7.3 E7.9 +7.5 E6.9 +14.8 E14.8
120.5 20.96 +7.3 E7.9 +7.5 E6.9 +14.8 E14.8
121.0 20.86 +7.3 E7.9 +7.5 E6.9 +14.8 E14.8
121.5 20.69 +7.3 E7.9 +7.5 E6.9 +14.8 E14.8
122.0 20.53 +7.3 E7.9 +7.5 E6.9 +14.8 E14.8
122.5 20.37 +7.2 E7.9 +7.5 E6.9 +14.7 E14.8
123.0 20.21 +7.2 E7.9 +7.5 E6.9 +14.7 E14.8
123.5 20.04 +7.2 E7.9 +7.5 E6.9 +14.7 E14.8
124.0 19.89 +7.2 E7.9 +7.5 E6.9 +14.7 E14.8
124.5 19.73 +7.2 E7.9 +7.5 E6.9 +14.7 E14.8
125.0 19.57 +7.2 E7.8 +7.5 E6.9 +14.7 E14.7
125.5 19.42 +7.2 E7.8 +7.5 E6.9 +14.7 E14.7
126.0 19.27 +7.2 E7.8 +7.5 E6.9 +14.7 E14.7
126.5 19.07 +7.2 E7.8 +7.5 E6.9 +14.7 E14.7
127.0 18.97 +7.1 E7.8 +7.5 E6.9 +14.6 E14.7
127.5 18.78 +7.1 E7.8 +7.5 E6.9 +14.6 E14.7
128.0 18.67 +7.1 E7.8 +7.5 E6.9 +14.6 E14.7
128.5 18.53 +7.1 E7.8 +7.5 E6.9 +14.6 E14.7
129.0 18.39 +7.1 E7.8 +7.5 E6.9 +14.6 E14.7
129.5 18.21 +7.1 E7.8 +7.5 E6.9 +14.6 E14.7



• 
• Based on ABPS + BW line-shape + EW effects from real radiation 

Anastasiou, Buehler, Herzog, Lazopoulos (2012) 

•different value for bottom mass and pdf uncertainty
•no OFFP scheme for heavy Higgs (BW)

scale pdf + ↵S

�(mH = 125GeV) = 19.49+7.2%
�7.8%

+7.5%
�6.9% pb

�(mH = 125GeV) = 20.69+8.4%
�9.3%

+7.8%
�7.5% pb

dFG

iHixs

6% difference
mostly from 
fixed order vs resummed (scales)
bottom mass

in agreement within TH uncertainties for light Higgs

๏ iHixs

• different treatment for pdf uncertainties (~MSTW 90% cl similar to PDF4LHC)
• no (exclusive) use of complex-pole prescription. Results only up to MH=400 
GeV or use of different line-shapes to quantify uncertainty (e.g. running width).

µF = µR = MH/2No resummation, NNLO with

 Discussions to reach an agreement for a possible combination

16% difference at 400 GeV



mH(GeV) MSTW08 !(pb) %"PDF %"µF
ABM11 !(pb) %"PDF %"µF

114 24.69 +7.92
!7.54

+8.83
!9.32 22.78 +2.28

!2.28
+8.0
!8.85

115 24.27 +7.91
!7.54

+9.07
!9.31 22.38 +2.29

!2.29
+7.98
!8.84

116 23.94 +7.9
!7.61

+8.75
!9.59 22.0 +2.29

!2.29
+8.0
!8.83

117 23.55 +7.93
!7.54

+8.64
!9.33 21.68 +2.29

!2.29
+7.92
!9.05

118 23.17 +7.92
!7.54

+8.6
!9.38 21.33 +2.3

!2.3
+7.84
!8.84

119 22.79 +7.92
!7.53

+8.55
!9.35 20.98 +2.3

!2.3
+7.79
!8.87

120 22.42 +7.91
!7.53

+8.53
!9.3 20.63 +2.3

!2.3
+7.77
!8.85

121 22.06 +7.91
!7.53

+8.51
!9.34 20.29 +2.3

!2.3
+7.75
!8.82

122 21.7 +7.91
!7.53

+8.47
!9.28 19.96 +2.31

!2.31
+7.74
!8.82

123 21.36 +7.8
!7.53

+8.42
!9.28 19.64 +2.31

!2.31
+7.72
!8.86

124 21.02 +7.81
!7.52

+8.41
!9.25 19.32 +2.31

!2.31
+7.68
!8.81

125 20.69 +7.79
!7.53

+8.37
!9.26 19.01 +2.32

!2.32
+7.65
!8.82

126 20.37 +7.8
!7.53

+8.35
!9.24 18.71 +2.32

!2.32
+7.64
!8.8

127 20.05 +7.8
!7.52

+8.34
!9.21 18.41 +2.32

!2.32
+7.6
!8.84

128 19.74 +7.79
!7.52

+8.3
!9.2 18.13 +2.33

!2.33
+7.58
!8.79

129 19.44 +7.8
!7.52

+8.28
!9.26 17.84 +2.33

!2.33
+7.56
!8.79

130 19.14 +7.79
!7.51

+8.24
!9.19 17.57 +2.33

!2.33
+7.54
!8.84

131 18.86 +7.8
!7.51

+8.22
!9.17 17.3 +2.34

!2.34
+7.51
!8.79

132 18.57 +7.79
!7.51

+8.19
!9.16 17.03 +2.34

!2.34
+7.47
!8.77

133 18.3 +7.8
!7.5

+8.17
!9.15 16.77 +2.35

!2.35
+7.46
!8.75

134 18.03 +7.79
!7.51

+8.14
!9.15 16.52 +2.35

!2.35
+7.41
!8.74

135 17.76 +7.8
!7.51

+8.12
!9.19 16.27 +2.35

!2.35
+7.39
!8.73

136 17.5 +7.8
!7.5

+8.05
!9.17 16.03 +2.36

!2.36
+7.37
!8.73

137 17.25 +7.78
!7.53

+8.05
!9.17 15.79 +2.36

!2.36
+7.36
!8.75

138 17.01 +7.79
!7.51

+8.01
!9.13 15.56 +2.37

!2.37
+7.31
!8.73

139 16.77 +7.8
!7.51

+7.97
!9.08 15.34 +2.37

!2.37
+7.26
!8.7

140 16.53 +7.79
!7.5

+7.9
!9.06 15.12 +2.37

!2.37
+7.24
!8.69

141 16.3 +7.79
!7.5

+7.88
!9.03 14.9 +2.38

!2.38
+7.23
!8.67

142 16.07 +7.79
!7.5

+7.87
!9.01 14.69 +2.38

!2.38
+7.2
!8.62

143 15.85 +7.78
!7.51

+7.85
!9.0 14.48 +2.39

!2.39
+7.19
!8.62

144 15.64 +7.78
!7.5

+7.82
!8.99 14.28 +2.39

!2.39
+7.18
!8.62

145 15.43 +7.78
!7.51

+7.79
!8.99 14.08 +2.4

!2.4
+7.16
!8.6

146 15.22 +7.79
!7.51

+7.78
!8.97 13.88 +2.4

!2.4
+7.18
!8.57

147 15.02 +7.79
!7.5

+7.74
!8.97 13.69 +2.41

!2.41
+7.14
!8.59

148 14.81 +7.8
!7.51

+7.74
!8.97 13.5 +2.41

!2.41
+7.12
!8.58

149 14.62 +7.8
!7.5

+7.74
!8.93 13.32 +2.42

!2.42
+7.1
!8.57

150 14.43 +7.78
!7.51

+7.7
!8.93 13.14 +2.42

!2.42
+7.08
!8.55

Table 1: Inclusive Higgs production cross-section through gluon fusion (in pb) at
!
s = 8 TeV,

with pdf and scale uncertainties for the MSTW08 and ABM11 pdf sets. The pdf uncertainty for
MSTW08 is calculated using the 90%CL grids, for reasons explained in section 3, while the ABM11
uncertainty corresponds to 68%CL.

– 10 –

•iHixs (running width)



Jet-veto

Use of fixed order calculations dangerous for jet-veto cross section

underestimate uncertainties

Theoretical cross section on cross sections in jet bins Chicago 2012 LHC Workshop F. Petriello

Error prescription

•A solution to better estimate error using fixed-order results pointed 
out (Stewart, Tackmann 2011)

•In the limit of ln(mH/pT,cut) 
large, σtot and σ≥1 have 
independent expansions

•Gives expected result, that 
Δσveto>Δσtot

•The current prescription 
used in LHC analyses (phrased 
in terms of jet fractions)

Theoretical cross section on cross sections in jet bins Chicago 2012 LHC Workshop F. Petriello

Error prescription

•A solution to better estimate error using fixed-order results pointed 
out (Stewart, Tackmann 2011)

•In the limit of ln(mH/pT,cut) 
large, σtot and σ≥1 have 
independent expansions

•Gives expected result, that 
Δσveto>Δσtot

•The current prescription 
used in LHC analyses (phrased 
in terms of jet fractions)

Better estimate of uncertainties using f.o. (Stewart, Tackmann)

Consider inclusive jet cross sections

Transform to exclusive jet cross sections

Theoretical cross section on cross sections in jet bins Chicago 2012 LHC Workshop F. Petriello

Error prescription

•A solution to better estimate error using fixed-order results pointed 
out (Stewart, Tackmann 2011)

•In the limit of ln(mH/pT,cut) 
large, σtot and σ≥1 have 
independent expansions

•Gives expected result, that 
Δσveto>Δσtot

•The current prescription 
used in LHC analyses (phrased 
in terms of jet fractions)

Theoretical cross section on cross sections in jet bins Chicago 2012 LHC Workshop F. Petriello

Error prescription

•A solution to better estimate error using fixed-order results pointed 
out (Stewart, Tackmann 2011)

•In the limit of ln(mH/pT,cut) 
large, σtot and σ≥1 have 
independent expansions

•Gives expected result, that 
Δσveto>Δσtot

•The current prescription 
used in LHC analyses (phrased 
in terms of jet fractions)

• Central values with POWHEG after HqT reweighting

prescription used at 7 TeV ��0

�0
>

��
total

�
total



Banfi, Salam, Zanderighi (2012) NLL+NNLO jet veto efficiencies 

we will therefore consider the structure of the fixed-order cross sections, and subsequently
proceed to introduce our matching prescriptions and to examine the results.

4 Jet-veto at fixed order

The state-of-the-art of fixed-order predictions for fully di!erential di!erential partonic
Higgs-boson and Z-boson cross sections is NNLO, i.e. the calculation of !2(pt,veto) and
!2, with tools like fehip [13] and hnnlo [14] for Higgs productions, and fewz [47] and
dynnlo [48] for Z production. For the purpose of determining the jet-veto cross section,
it is however also possible (and sometimes numerically cheaper) to compute only !2 with
these NNLO tools (or from the inclusive results [49, 50, 51, 52]), and obtain !1(pt,veto) and
!2(pt,veto) from the relation

!i(pt,veto) = !i + !̄i(pt,veto), !̄i(pt,veto) = !

!
!

pt,veto

dpt
d!i(pt)

dpt
. (4.1)

The di!erential distributions d!̄1/dpt and d!̄2/dpt can be computed from the boson+jet
cross sections at LO and NLO respectively, e.g. using MCFM [18, 19, 53]. We recall that,
throughout, we use the large mtop approximation for Higgs production.

4.1 Prescriptions for the e!ciency

There is little ambiguity in the definition of the fixed order results for the total and jet-
vetoed cross-sections, with the only freedom being, as usual, in the choice or renormal-
isation and factorisation scale. However, given the expressions of ! and ! at a given
perturbative order, there is some additional freedom in the way one computes the jet-veto
e"ciency. For instance, at NNLO the e"ciency can be defined as

"(a)(pt,veto) "
!0(pt,veto) + !1(pt,veto) + !2(pt,veto)

!0 + !1 + !2
, (4.2a)

but the following expressions are equally valid at NNLO,

"(b)(pt,veto) "
!0(pt,veto) + !1(pt,veto) + !̄2(pt,veto)

!0 + !1
, (4.2b)

"(c)(pt,veto) " 1 +
!̄1(pt,veto)

!0
+

"
!̄2(pt,veto)

!0
!
!1
!2
0

!̄1(pt,veto)

#
, (4.2c)

since they di!er relative to Eq. (4.2a) only by terms O (#3
s), which are not under control.

Option (a) is the most widely used, and may appear at first sight to be the most
natural, since one keeps as many terms as possible both in the numerator and denominator.
However, option (b) can be motivated as follows: since the zeroth order term of "(pt,veto)
is equal to 1, it is really only 1! "(pt,veto) that has a non-trivial perturbative series, given
by the ratio of the inclusive 1-jet cross section above pt,veto, !NLO

1-jet (pt,veto), to the total cross
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we will therefore consider the structure of the fixed-order cross sections, and subsequently
proceed to introduce our matching prescriptions and to examine the results.

4 Jet-veto at fixed order

The state-of-the-art of fixed-order predictions for fully di!erential di!erential partonic
Higgs-boson and Z-boson cross sections is NNLO, i.e. the calculation of !2(pt,veto) and
!2, with tools like fehip [13] and hnnlo [14] for Higgs productions, and fewz [47] and
dynnlo [48] for Z production. For the purpose of determining the jet-veto cross section,
it is however also possible (and sometimes numerically cheaper) to compute only !2 with
these NNLO tools (or from the inclusive results [49, 50, 51, 52]), and obtain !1(pt,veto) and
!2(pt,veto) from the relation

!i(pt,veto) = !i + !̄i(pt,veto), !̄i(pt,veto) = !

!
!

pt,veto

dpt
d!i(pt)

dpt
. (4.1)

The di!erential distributions d!̄1/dpt and d!̄2/dpt can be computed from the boson+jet
cross sections at LO and NLO respectively, e.g. using MCFM [18, 19, 53]. We recall that,
throughout, we use the large mtop approximation for Higgs production.

4.1 Prescriptions for the e!ciency

There is little ambiguity in the definition of the fixed order results for the total and jet-
vetoed cross-sections, with the only freedom being, as usual, in the choice or renormal-
isation and factorisation scale. However, given the expressions of ! and ! at a given
perturbative order, there is some additional freedom in the way one computes the jet-veto
e"ciency. For instance, at NNLO the e"ciency can be defined as

"(a)(pt,veto) "
!0(pt,veto) + !1(pt,veto) + !2(pt,veto)

!0 + !1 + !2
, (4.2a)

but the following expressions are equally valid at NNLO,

"(b)(pt,veto) "
!0(pt,veto) + !1(pt,veto) + !̄2(pt,veto)

!0 + !1
, (4.2b)

"(c)(pt,veto) " 1 +
!̄1(pt,veto)

!0
+

"
!̄2(pt,veto)

!0
!
!1
!2
0

!̄1(pt,veto)

#
, (4.2c)

since they di!er relative to Eq. (4.2a) only by terms O (#3
s), which are not under control.

Option (a) is the most widely used, and may appear at first sight to be the most
natural, since one keeps as many terms as possible both in the numerator and denominator.
However, option (b) can be motivated as follows: since the zeroth order term of "(pt,veto)
is equal to 1, it is really only 1! "(pt,veto) that has a non-trivial perturbative series, given
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Figure 2: Jet-veto e!ciency for Higgs (left) and Z-boson production (right) using three
di"erent prescriptions for the NNLO expansion, see Eqs.(4.2a–4.2c). For each prescription,
the thick solid line corresponds to the result obtained with µR = µF = MH/Z/2, while the
band shows the scale uncertainty as obtained with the choices of Eq. (3.14).

section. Insofar as the 1-jet cross section is known only to NLO, in taking the ratio to the
total cross section one can argue that one should also use NLO for the latter, i.e.

!(pt,veto) = 1!
"NLO

1-jet (pt,veto)

"0 + "1
. (4.3)

It is straightforward to verify that this then leads to Eq. (4.2b). This procedure also
coincides with the one adopted in event-shape studies in DIS and hadron-hadron collisions
("2 is not even known in the latter case). Option (c) is also well motivated, since it is
a strict fixed order expansion of the ratio, so no uncontrolled terms beyond NNLO are
included. This is the prescription that is usually adopted in e+e! event-shape and jet-rate
studies.

While other possibilities are also equally valid, the above three schemes capture a
substantial part of the freedom that one has in writing the series. The size of the di"erences
between them is one way to estimate the associated theoretical uncertainty and goes beyond
the usual variation of scales.

4.2 Numerical results

Figure 2 shows the NNLO results for the jet-veto e!ciency in the 3 schemes discussed
above. Each scheme is displayed as a band corresponding to the envelope of the scale
variations as in Eq. (3.14), together with a solid line for the prediction with the central
scale choice.

In the case of Higgs production (left-hand plot) the bands barely overlap and, in the
region of interest, pt,veto " 25 ! 30 GeV, the three predictions di"er considerably, with
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Figure 4: Comparison of fixed-order (NNLO) and matched resummed (NLL+NNLO)
predictions for the jet veto e!ciencies in Higgs (left) and Z production (right). The
uncertainties are those derived from the envelope method: for both fixed order and matched
results they include renormalisation and factorisation scale uncertainties, as well as the
scheme for defining the e!ciency (or matching prescription). In the matched case, there
is additionally the uncertainty from the variation of Q. The lower panels show the ratio of
the results to the central matched prediction.
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Higgs production (MH = 125 GeV)

NNLO NLL+NNLO

pt,veto = 25 GeV 60+11
!9 % 57+8

!4%

pt,veto = 30 GeV 67+9
!8% 64+8

!4%

Z production

NNLO NLL+NNLO

pt,veto = 25 GeV 81+1
!2% 81+1

!2%

pt,veto = 30 GeV 85+1
!1% 85+1

!2%

Table 3: Jet veto e!ciencies and their uncertainties at NNLO and NLL+NNLO, for the
values of pt,veto used by ATLAS and CMS, shown for the anti-kt algorithm with R = 0.5,
and based on MSTW2008 NNLO PDFs.

the central value from the matched calculation is closer to that of the fixed-order results
than to the resummed results, but with a slightly reduced uncertainty, indicating that
resummation is at the edge of its validity in this region. Here too the bands from the
di"erent matching schemes fail to overlap in the Higgs case. Since the bands di"er at most
by NNNLL terms, this has implications for the degree of improvement that one might
expect when extending the resummation from NLL to NNLL accuracy.

A direct comparison of the fixed-order and matched predictions is to be found in Fig. 4.
Here the uncertainty envelopes encompass the full scheme a band as well as the central
values of the two other schemes. This follows the procedure outlined in section 5 and
it provides the uncertainties that we shall use throughout the rest of the article. The
e!ciencies for the two jet-veto thresholds used by ATLAS and CMS, 25 and 30 GeV
respectively, are summarised in table 3. For Higgs production, one observes that the
absolute e!ciencies are about 3% lower in the matched calculation as compared to the
NNLO result (equivalent to a relative 5% reduction in the e!ciency). The uncertainties are
somewhat more asymmetric in the matched calculation and in particular the uncertainty
towards lower e!ciencies is reduced by about a factor of two. For Z-boson production,
the uncertainties with matching are the same or larger as those of the pure NNLO result.
This surprising result may be because the resummation explicitly involves the running of
the coupling and thus, for low pt,veto, directly probes the uncertainties associated with a
perturbative expansion whose coupling constant is somewhat larger than the !s(MZ/2)
that appears in the NNLO calculation.

7 Comparisons to other calculations

In this section we will complement our resummed matched study so far with information
from event generators and analytical boson-pt resummations. For brevity we concentrate
on the case of Higgs production, using MH = 125 GeV throughout.

7.1 E!ects beyond the scope of matched calculations

The matched calculation that we have performed applies to partons and assumes infinite
detector acceptance. Experiments, however, measure hadrons, including the underlying
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• reduction in efficiency uncertainty
• when combined with inclusive uncertainty 
similar results as ST procedure
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Figure 7: Left: comparison of powheg + pythia 6.426 with our NLL+NNLO predic-
tions; results are shown for three Pythia tunes. One of them, Perugia 2011, is displayed
as a band, formed by the envelope of renormalisation and factorisation scale variations
(Eq. (3.14)). Right: comparison of the hqt-rescaled powheg + pythia combination (Pe-
rugia 2011 tune) with our NLL+NNLO results. powheg and hqt are always used with
MSTW2008NNLO PDFs.
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Figure 7: Left: comparison of powheg + pythia 6.426 with our NLL+NNLO predic-
tions; results are shown for three Pythia tunes. One of them, Perugia 2011, is displayed
as a band, formed by the envelope of renormalisation and factorisation scale variations
(Eq. (3.14)). Right: comparison of the hqt-rescaled powheg + pythia combination (Pe-
rugia 2011 tune) with our NLL+NNLO results. powheg and hqt are always used with
MSTW2008NNLO PDFs.
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Figure 6: Left: comparison of our result for the jet veto e!ciency with the calculation of
a Higgs-boson transverse momentum veto e!ciency obtained with hqt. For the purpose
of the comparison, since hqt provides only a single matching scheme, we restrict the
uncertainty band on our results to use just matching scheme (a). Right: comparison of
our jet veto result with the jet veto result obtained by correcting hqt with the (relative)
order !2

s Higgs+2-jet contribution, as in Eq. (7.1). Again our band includes just scheme
(a).
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(a) (b)

(c) (d)

(e) (f)

Figure 3: The qT spectrum of Higgs bosons at the Tevatron and the LHC: NLL+LO and
NNLL+NLO uncertainty bands (left panels); NNLL+NLO and NLO uncertainty bands relative
to the central NNLL+NLO result (right panels).
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NNLL
NLL

 POWHEG underestimates the uncertainty
not used for uncertainty evaluation

 Hqt-rescaled POWHEG central value a bit 
    higher than NLL+NNLO: consistent within
    uncertainties and with increase to NNLL 
    (see HqT NLL vs NNLL)

 ggF WG recommendation : keep for the moment ST procedure for 
uncertainties with reweighted POWHEG for central values
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Figure 5: Resummed and matched predictions for the jet-veto cross section (first two plots)
and e!ciency (last plot) for Higgs-boson production at the LHC.

cross section. The corresponding results are shown in the third plot in Figure 5 as well as in
the last column of Table 1. To a good approximation, one can infer the jet-veto cross sections
corresponding to other PDF sets by multiplying the veto e!ciency with the central value for
the resummed total cross section and add its PDF uncertainties. The corresponding values for
!tot can be obtained by running the RGHiggs code with a di"erent set of PDFs. For example,
we find !tot = (20.87+0.63+1.43

!0.35!1.43) pb using NNPDF2.0 [53], and !tot = (19.72+0.56+0.92
!0.15!1.01) pb using

CTEQ6.6 PDFs [54].
Our perturbative results for the jet-veto cross section have a high accuracy: the scale

uncertainty from varying the factorization scale µ by a factor 2 around µ = pvetoT is about
12% for pvetoT = 10GeV and decreases to 4% at pvetoT = 30GeV. This is almost as small as
the scale uncertainty on the total cross section, which is 3%. The uncertainty from varying
the hard matching scales µt and µh is negligible, since we evaluate the hard function at
NNLO in RG-improved perturbation theory. Indeed, by now also the three-loop correction to
CS(!m2

H!i", µh) is known [55, 56, 57], and it amounts to a mere !0.015% shift for µ2
h = !m2

H .
(With µ2

h = +m2
H , the correction would be 4%, which confirms once again the advantage of

using a time-like scale choice.) While the logarithmic accuracy of the resummation is one
order higher for the total cross section, our result for the jet-veto cross section includes the
most crucial part, the hard function, at the same accuracy, and so it should not come as a
surprise that the scale uncertainties turn out to be comparable.

Finally, let us relate our findings to the NLL+NNLO results presented in the recent paper
[17]. An important di"erence to our work is that these authors do not compute the cross section
directly, but instead present results for the jet-veto e!ciency, arguing that its uncertainties
are largely uncorrelated with those of the total cross section. In that way they try to avoid
the large perturbative corrections known to a"ect the gg " H amplitude. Indeed, since
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pvetoT !(pvetoT ) [pb] "(pvetoT )

10 4.97+0.59+0.19
!0.01!0.22 0.253+0.030

!0.001

15 7.83+0.62+0.34
!0.05!0.35 0.399+0.032

!0.002

20 10.13+0.61+0.48
!0.08!0.49 0.515+0.031

!0.004

25 11.88+0.55+0.61
!0.07!0.61 0.605+0.028

!0.003

30 13.23+0.48+0.71
!0.03!0.70 0.673+0.024

!0.002

! 19.66+0.55+1.54
!0.15!1.48 1

Table 1: Predictions for the NNLL+NNLO resummed and matched cross section and e!ciency.
The second error on the cross section gives the combined PDF and #s uncertainties at 90% CL.

the hard function is the same for the jet-veto and the total cross section, the corresponding
large corrections formally cancel in the ratio of these two quantities. However, the extent
to which this cancellation takes place depends on the precise way in which the perturbative
expansion of the e!ciency is performed. Equivalent matching schemes therefore lead to sizable
di"erences in their results. Specifically, the authors use three matching schemes, related to
di"erent definitions of the fixed-order expansion of the e!ciency "(pvetoT ). In their scheme (a),
the e!ciency is obtained by expanding both the resummed jet-veto cross section and the fixed-
order total cross section to a given order and then taking the ratio of the two. In scheme (c),
the perturbative expansion is performed directly for the e!ciency, while scheme (b) infers the
e!ciency from the normalized 1-jet rate. The fixed-order result for (a) and (c) is shown in the
right two panels of Figure 1. As we discussed in the introduction, the di"erence between these
two schemes is so large because the fixed-order result for the jet-veto cross section involves two
types of large corrections: those from the analytic continuation of the hard function, which
also a"ect the total cross section, and those from Sudakov logarithms associated with the jet
veto. Di"erent schemes combine these in di"erent ways, which then leads to quite di"erent
matching corrections. Even for pvetoT = 20GeV, the di"erence between schemes (b) and (c) is
more than 20%, which is shocking given that it is formally an O(#3

s) e"ect. The origin of this
problem is that the authors of [17] resum the Sudakov logarithms associated with the jet veto,
but they do not control the large corrections to the total cross section.

5 Summary

We have presented for the first time a factorization theorem for the Higgs-boson produc-
tion cross section in the presence of a veto against jets with transverse momentum above
a threshold pvetoT . It forms the basis for the systematic resummation of Sudakov logarithms
#n
s ln

k(mH/pvetoT ) with k " 2n beyond the LL approximation. In analogy with the situa-
tion encountered in the analysis of the transverse-momentum spectrum of the Higgs boson,
the final expressions (30) and (31) are a"ected by a collinear anomaly, which introduces an
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inclusive cross-section  +2.8% - 0.7%

+4%  -0.5%+3.5%  -0.2%

we have +7.2% -7.8%

 Central values very close to Banfi et at  (3% higher)

 Seem to underestimate the uncertainties (as for the inclusive cross section)



POWHEG and HqT reweighting

 reproduce Higgs qT distribution to good accuracy ~5%

POWHEG with damping factor

 Worth looking at other distributions before confirming this prescription

 Include full description of Higgs decay products
��

WW ! l⌫l⌫
ZZ ! 4l

HRes deF, Ferrera, Grazzini, Tommasini (2012)NNLL accuracy (as HqT)
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hfact = MH/1.2



transverse momentum of the diphoton system !p !!
T as follows

t̂ =
!p !1
T ! !p !2

T

|!p !1
T ! !p !2

T |
; !p !!

T = !p !1
T + !p !2

T , (16)

the pTt is then calculated according to:

pTt = |!p !!
T " t̂|. (17)

In Fig. 3 we report the pTt distribution, obtained at NLO (dots), NNLO (dashes), NLL+NLO
(dot dashes) and NNLL+NNLO (solid). We see that in the high pTt region the NLL+NLO
prediction agrees with the NLO one, and the NNLL+NNLO prediction agrees with NNLO. In
the low pTt region the NLO result diverges to +#, whereas the NNLO diverges to !#. Such
behaviour is analogous to the behaviour of the pT distribution of the Higgs boson when computed
at fixed order in QCD perturbation theory. The NLL+NLO and NNLL+NNLO results obtained
with HRes are instead finite as pTt $ 0, approaching a constant value.

Figure 3: pTt distribution for the H $ "" signal at the LHC, obtained at NLL+NLO and
NNLL+NNLO compared to the corresponding NLO and NNLO results.

In Fig. 4(a),4(c) we plot the photon pT distributions pTmin and pTmax. These distribution are
enhanced when going from LO to NLO to NNLO according to the increase of the total cross section.
We note that, as pointed out in Ref. [21], the shape of these distributions sizeable di!ers when
going from LO to NLO and to NNLO. In particular, at the LO the two photons are emitted with
the same pT because the Higgs boson is produced with zero transverse momentum, hence the LO
pTmin and pTmax are exactly identical. Furthermore the LO distribution has a kinematical boundary
at pT = mH/2 (Jacobian peak), which is due to the use of the narrow width approximation. Such
condition is released once extra radiation is accounted for. Thus higher order predictions su!er of
perturbative instabilities, i.e. each higher-order perturbative contribution produces (integrable)
logarithmic singularities in the vicinity of that boundary, as explained in Ref. [49].

The same pTmin and pTmax predictions are shown in Fig. 4(b),4(d); in this case the NNLO
result is compared with the resummed result at the NLL+NLO and NNLL+NNLO accuracy.
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the low pTt region the NLO result diverges to +#, whereas the NNLO diverges to !#. Such
behaviour is analogous to the behaviour of the pT distribution of the Higgs boson when computed
at fixed order in QCD perturbation theory. The NLL+NLO and NNLL+NNLO results obtained
with HRes are instead finite as pTt $ 0, approaching a constant value.

Figure 3: pTt distribution for the H $ "" signal at the LHC, obtained at NLL+NLO and
NNLL+NNLO compared to the corresponding NLO and NNLO results.

In Fig. 4(a),4(c) we plot the photon pT distributions pTmin and pTmax. These distribution are
enhanced when going from LO to NLO to NNLO according to the increase of the total cross section.
We note that, as pointed out in Ref. [21], the shape of these distributions sizeable di!ers when
going from LO to NLO and to NNLO. In particular, at the LO the two photons are emitted with
the same pT because the Higgs boson is produced with zero transverse momentum, hence the LO
pTmin and pTmax are exactly identical. Furthermore the LO distribution has a kinematical boundary
at pT = mH/2 (Jacobian peak), which is due to the use of the narrow width approximation. Such
condition is released once extra radiation is accounted for. Thus higher order predictions su!er of
perturbative instabilities, i.e. each higher-order perturbative contribution produces (integrable)
logarithmic singularities in the vicinity of that boundary, as explained in Ref. [49].

The same pTmin and pTmax predictions are shown in Fig. 4(b),4(d); in this case the NNLO
result is compared with the resummed result at the NLL+NLO and NNLL+NNLO accuracy.
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pTt ! 0

 Resummed distribution approaches a constant

 Fixed order distribution diverges when 

NNLL vs NLL shows good convergence

gg ! H ! ��

 Can be used to estimate uncertainty on this observable

 After comparison evaluate if need reweight with pT and rapidity (or hfact)



POWHEG with HQ masses

0 50 100 150 200 250 300

En
tr

ie
s

0

50

100

150

200

250

310!  mc_status==44
T

Higgs p

Pythia8_HF

Pythia8_NoHF

 [GeV] (mc_status==44)H
T

p
0 50 100 150 200 250 300

H
F/

N
oH

F
0.8
0.9

1
1.1
1.2

-8 -6 -4 -2 0 2 4 6 8

En
tr

ie
s

0
10000
20000
30000
40000
50000
60000
70000
80000
90000

 mc_status==44"Higgs 

Pythia8_HF

Pythia8_NoHF

 (mc_status==44)H"
-8 -6 -4 -2 0 2 4 6 8

H
F/

N
oH

F

0.8
0.9

1
1.1
1.2

-3 -2 -1 0 1 2 3

En
tr

ie
s

0
5000

10000
15000
20000
25000
30000
35000
40000
45000

 mc_status==44#Higgs 

Pythia8_HF

Pythia8_NoHF

 (mc_status==44)H#
-3 -2 -1 0 1 2 3

H
F/

N
oH

F

0.8
0.9

1
1.1
1.2

0 50 100 150 200 250 300

En
tr

ie
s

0

50

100

150

200

250

300

310!  mc_status==22
T

Higgs p

Pythia8_HF

Pythia8_NoHF

 [GeV] (mc_status==22)H
T

p
0 50 100 150 200 250 300

H
F/

N
oH

F

0.8
0.9

1
1.1
1.2

-8 -6 -4 -2 0 2 4 6 8

En
tr

ie
s

0
10000
20000
30000
40000
50000
60000
70000
80000
90000

 mc_status==22"Higgs 

Pythia8_HF

Pythia8_NoHF

 (mc_status==22)H"
-8 -6 -4 -2 0 2 4 6 8

H
F/

N
oH

F

0.8
0.9

1
1.1
1.2

-3 -2 -1 0 1 2 3

En
tr

ie
s

0
5000

10000
15000
20000
25000
30000
35000
40000

 mc_status==22#Higgs 

Pythia8_HF

Pythia8_NoHF

 (mc_status==22)H#
-3 -2 -1 0 1 2 3

H
F/

N
oH

F

0.8
0.9

1
1.1
1.2

T.Kishimoto (Kobe) Sample May 19, 2012 2 / 1

Quick&Valida4on&in&MC12&
•  Finite`quark`mass&effect&:&&
– mc11&:&taking&the&limit&of&infinite&top&quark&&(mt∞)&
– mc12&:&implemented&finite`quark`mass&effect&(t,b&only)&

��������& mee4ng&

5&

Yellow&report&

•  Global&structure&can&be&reproduced&well&&
•  ~10%&level&effect&on&higgs&pt&shape&in&low&mass&higgs&
•  Need&to&check&this&effect&on&the&signal&region&

Low$stat$

New&PowHeg&(mc12)&

mH = 125 GeV

hfact=1.2 used in both samples 
(qualitative agreement with YR2 without hfact)

4

no reweighting or hfacthfact=Mh/1.2

 HQ mass effects ~factorize : can do reweighting without HQ and then apply      
    HQ corrections

ATLAS

In the pipeline

HNNLO and HRes will include HQ mass effects up to NL accuracy
Considering to include interference effects as well (later)

Bagnaschi, Degrassi, Slavich, Vicini



Diphoton Background

S.Catani, L.Cieri, DdeF, G.Ferrera, M.Grazzini

KNNLO ⇠ 3.5 NLO band not enough

NNLO Corrections much larger 
in some kinematical regions where NLO
effectively lowest order

NNLO essential to understand data
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Differential cross sections: CDF 

•  Good&agreement&between&data&
and&theory&for&Mγγ>30&GeV/c2&

•  ResummaKon&important&for&
PT(γγ)&>&20&GeV/c&

•  FragmentaKon&causes&excess&
of&data&over&theory&for&PT(γγ)&
=&20&–&50&GeV/c&(the&“Guillet&
shoulder”)&

•  ResummaKon&important&for&
Δφγγ&>&2.2&rad&

•  Data&spectrum&harder&than&
predicted&

Costas Vellidis, FNAL 
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Data-to-theory cross section ratios: CDF 

DIPHOX&

RESBOS&

PYTHIA&

NB:'Ver9cal'axis'scales'are'not'the'same''

Costas Vellidis, FNAL 
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Data-to-theory cross section ratios: CDF 

DIPHOX&

RESBOS&

PYTHIA&

NB:'Ver9cal'axis'scales'are'not'the'same''

Costas Vellidis, FNAL 

CDF diphotons

 Usual tools fail to reproduce Diphoton data
 Use NNLO for better description of background (uncertainties)
 Possible use for MVA



Very hard to compute interferences beyond the “Born” level due to gg dominance

Caution, Born for interference means         which is formally NNLO for background 
and LO for signal             

↵2
s

Interferences

O(↵2
s)

��

WW ! l⌫l⌫

ZZ ! 4l

Dixon and Siu 

MCFM (Campbell, Ellis, Williams)
 gg2WW (Kauer)

gg2VV (Kauer)

Two issues

available soon

1. Usually rely on BW approach, need modification to OFFP 
2. Only Born level available, how to combine with signal and background?

aMC@NLO coming soon?



 How to include interference? 
usual procedure: 

add to signal
�Hi = �H + �interference

K - factor?

MCFM
Campbell, Ellis, Williams

full factorization of Interference effects

 Some effects (like soft gluon emission) partially cancel in ratios

 Equivalent to apply signal K-factor to interference

�NNLO
Hi = �NNLO

H

✓
�Born
Hi

�Born
H

◆
=

✓
�NNLO
H

�Born
H

◆
�Born
Hi

Ksignal

๏ Privileges the signal (distorts line-shape) 
๏ QCD correction to signal and background (box) can be different
๏ Born and NNLO have different kinematics (ambiguity for exclusive)

Problems :

One possible way to account for uncertainty in the procedure: 
define uncertainty equal to interference effect ?

(if interference small, probably only meaningful for inclusive results )



11.08.2011 L. MillischerDPF / Brown University / Providence, RI 12

Theoretical Prediction
State-of-the art fixed order NLO theoretical calculation compared to the measurement
Each process computed at next-to-leading order (NLO) (example diagrams are shown)

Uncertainties
 Uncertainties on parton distribution function (PDF) and αS ~ 4 %

Following the PDF4LHC recommendations
 Uncertainties on the fragmentation, renormalisation, factorisation scales ~ 11 %

Varying the scales mγγ / 2 < μ < 2 x mγγ with μ1/ μ2 ≤ 2

Direct Born One Fragmentation Two Fragmention

26 pb @ NLO 10 pb @ NLO 0.5 pb @ NLO

using: DIPHOX @ order α2 αS
2

Direct Box

15 pb @ NLO

gamma2mc @ order α2 αS
4

T. Binoth, J.P. Guillet, E. Pilon, M. Werlen Z. Bern, L. Dixon, C. Schmidt
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Beyond Born level : DiphotonsSource of the phase?

Interference in diagrams:

g

g

t, b
H

!

!

W, t
b, c, " · · ·

b, c, . . . u, c, d, s, b · · ·

!

In SM, Agg!H and AH!!! are mainly real, due to t,W

dominance in loop, for mH < 2mW .

At 1-loop, A"
cont is also mainly real, because Dicus, Willenbrock

Atree(g±g± ! qq̄) = Atree(qq̄ ! !±!±) = 0 for mq = 0.

Dominant phase is from A2#loop
gg!!!, in particular Im F L

##++.

Resonance-Continuum Interferencein the LHC H ! !! Signal – p.10/20

Source of the phase?

Interference in diagrams:

g

g

t, b
H

!

!

W, t
b, c, " · · ·

b, c, . . . u, c, d, s, b · · ·

!

In SM, Agg!H and AH!!! are mainly real, due to t,W

dominance in loop, for mH < 2mW .

At 1-loop, A"
cont is also mainly real, because Dicus, Willenbrock

Atree(g±g± ! qq̄) = Atree(qq̄ ! !±!±) = 0 for mq = 0.

Dominant phase is from A2#loop
gg!!!, in particular Im F L

##++.

Resonance-Continuum Interferencein the LHC H ! !! Signal – p.10/20

Need 2-loop gg ! !! helicity amplitudes

Bern, De Freitas, LD

g

g

!

!

Also important for NLO calculation of gg ! !!X
— significant contribution to !! continuum background.

Bern, LD, Schmidt

Resonance-Continuum Interferencein the LHC H ! !! Signal – p.11/20

Source of the phase?

Interference in diagrams:

g

g

t, b
H

!

!

W, t
b, c, " · · ·

b, c, . . . u, c, d, s, b · · ·

!

In SM, Agg!H and AH!!! are mainly real, due to t,W

dominance in loop, for mH < 2mW .

At 1-loop, A"
cont is also mainly real, because Dicus, Willenbrock

Atree(g±g± ! qq̄) = Atree(qq̄ ! !±!±) = 0 for mq = 0.

Dominant phase is from A2#loop
gg!!!, in particular Im F L

##++.

Resonance-Continuum Interferencein the LHC H ! !! Signal – p.10/20

• Corrections to box partially included in the interference calculation 

Dominant
contribution

Dixon and Siu (2003)

•Looking now at interference for real contribution
 evaluation of HO effects in interference gg ! ��g

Will give some information about size 
of HO corrections

Might be possible for WW and ZZ also?



gg (! H) ! V V : resonance-continuum interference

Nikolas Kauer

Royal Holloway, University of London

6th LHC Higgs Cross Section Workshop

CERN

May 24-25, 2012
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gg (! H) ! ZZ ! ll̄!l! !̄l! (2l2v) and gg (! H) ! ZZ ! ll̄ll̄ (4l)

Interference for MH = 125 GeV and MH = 500 GeV

Settings and cuts (common cuts definition ATLAS and CMS)

µR = µF = MH/2
!H = 0.004434 (67.95) GeV for MH = 125 (500) GeV (HDECAY)

MSTW2008NNLO, other: LHC Higgs Cross Section WG,
arXiv:1101.0593, App. A (with NLO !V and Gµ scheme)

2l2v cuts:

pTl > 20 GeV , |!l| < 2.5 , 76 GeV < Mll̄ < 106 GeV

MH = 125 GeV: ""ll̄ > 1

MH = 500 GeV: p/T > 82 GeV , ""ll̄ < 2.25

4l cuts:

pTl > 10 GeV , |!l| < 2.5 , M4l > 100 GeV

Mll̄,1 > 40 GeV , Mll̄,2 > 12 GeV , Mll̄ > 5 GeV

Mll̄,1: best di-candidate (Mll̄ closest to MZ )

N. Kauer gg (" H) " V V interference 6th LHC Higgs XS WG Workshop 24–25 May 2012 3 / 10
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gg (! H) ! ZZ ! ll̄!l! !̄l! (2l2v) and gg (! H) ! ZZ ! ll̄ll̄ (4l)

Integrated results

pT (V ) > 7 GeV ! [fb], pp,
!
s = 8 TeV, single flavour (l, ") interference

process MH |MH |2 |Mcont|2 |MH +Mcont|2 R1 R2

2l2v 125 GeV 0.2227(3) 1.4694(5) 1.585(2) 0.937(1) 0.519(8)

2l2v 500 GeV 0.4264(4) 0.19956(8) 0.6284(4) 1.0039(8) 1.006(2)

4l 125 GeV 0.0514(6) 0.432(1) 0.453(4) 0.937(8) 0.40(8)

4l 500 GeV 0.1131(5) 0.2649(9) 0.382(2) 1.010(5) 1.03(2)

pT (V ) > 1 GeV ! [fb], pp,
!
s = 8 TeV, single flavour (l, ") interference

process MH |MH |2 |Mcont|2 |MH +Mcont|2 R1 R2

2l2v 125 GeV 0.2453(3) 1.5615(6) 1.697(2) 0.9394(8) 0.554(6)

(S +B)-inspired interference measure: R1 = !(|MH +Mcont|2)
!

"

!(|MH|2) + !(|Mcont|2)
#

(S/B)-inspired interference measure: R2 = !
$

|MH|2 + 2Re(MHM"

cont)
%

/!
$

|MH|2
%

N. Kauer gg (# H) # V V interference 6th LHC Higgs XS WG Workshop 24–25 May 2012 4 / 10
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TH uncertainties

 Estimate of TH uncertainties ~10%

 Result in a 1% effect in the
         Higgs mass limit...

scale pdf + ↵S

TH uncertainties underestimated in the analysis? 
 vary central value and produce a TH uncertainty band ?

pb

pb
cross section somewhere in interval

~99% of the computing time

�(mH = 125GeV) = 19.49+7.2%
�7.8%

+7.5%
�6.9% pb

20.89

17.97

W.Murray STFC/RAL 13

Theoretical uncertainties

ATLAS+CMS 
from last 
September
Impact of 
theory 
uncertainties 
can be seen
Includes 
150%*M

H
3 

(M
H
 in TeV) 

lineshape 
error



mc status

Had an issue with which mc status to use
I Pythia 6 MC Higgs particle status: 1 = stable, 2 = after shower +

ISR/FSR, 3 = before shower + ISR/FSR

I Pythia 8 MC Higgs particle status: 22 = intermediate w/preserved

mass ! 44, ..., 44 = Outgoing shifted by branching ! 62 = outgoing
subprocess particle with primordial kt

⇠ 5% agreement with status 22, the proper one to use after showering but
before hadronization/UE
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status 22 is in very good agreement with HqT 
(it corresponds to the pT of the Higgs from 

Powheg LHEF file)
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status 62 is after UE and hadronisation,
the pT get modified (it was , wrongly?, 

reweighted to HqT in Pythia6 and in 2011)

When to reweight?
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Backup

Samples Used:

Pythia8125 NoHF from Tatsuya
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The largest effects is at the first branching, then it increase (several branching are present)

code range explanation
11 – 19 beam particles
21 – 29 particles of the hardest subprocess
31 – 39 particles of subsequent subprocesses in multiple interactions
41 – 49 particles produced by initial-state-showers
51 – 59 particles produced by final-state-showers
61 – 69 particles produced by beam-remnant treatment
71 – 79 partons in preparation of hadronization process
81 – 89 primary hadrons produced by hadronization process
91 – 99 particles produced in decay process, or by Bose-Einstein e!ects

Whenever a particle is allowed to branch or decay further its status code is negated (but it
is never removed from the event record), such that only particles in the final state remain
with positive codes. The isFinal() method returns true/false for positive/negative
status codes.

A.3 History information

The two mother and two daughter indices of each particle provide information on the
history relationship between the di!erent entries in the event record. The detailed rules
depend on the particular physics step being described, as defined by the status code. As
an example, in a 2 ! 2 process ab ! cd, the locations of a and b would set the mothers
of c and d, with the reverse relationship for daughters. When the two mother or daughter
indices are not consecutive they define a range between the first and last entry, such as a
string system consisting of several partons fragment into several hadrons.

There are also several special cases. One such is when “the same” particle appears as
a second copy, e.g. because its momentum has been shifted by it taking a recoil in the
dipole picture of parton showers. Then the original has both daughter indices pointing
to the same particle, which in its turn has both mother pointers referring back to the
original. Another special case is the description of ISR by backwards evolution, where the
mother is constructed at a later stage than the daughter, and therefore appears below in
the event listing.

If you get confused by the di!erent special-case storage options, the two
pythia.event.motherList(i) and pythia.event.daughterList(i) methods are able
to return a vector of all mother or daughter indices of particle i.

A.4 Colour flow information

The colour flow information is based on the Les Houches Accord convention [4]. In it, the
number of colours is assumed infinite, so that each new colour line can be assigned a new
separate colour. These colours are given consecutive labels: 101, 102, 103, . . . . A gluon
has both a colour and an anticolour label, an (anti)quark only (anti)colour.

While colours are traced consistently through hard processes and parton showers, the
subsequent beam-remnant-handling step often involves a drastic change of colour labels.
Firstly, previously unrelated colours and anticolours taken from the beams may at this
stage be associated with each other, and be relabelled accordingly. Secondly, it appears
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44 seems  to include also Initial State 
Radiation, should not we reweight after that?
ISR should be in the NLL compuation, is that 

right?


