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Introduction

I Precision measurement of the Higgs boson properties at the LHC :
Accurate theoretical prediction of cross section is required.

I Experimental analyses separate the data into jet bins.
Eg: In H→W W* : any hard jets with pjet

T > pcut
T ∼ 20− 30 GeV are

vetoed.

I Jet vetoes induce large Sudakov (double) logs: αn
s logm [pcut

T /mH ] that
need to be resummed.

I Eg: gg→ H + 0 jet

σ0(pcut
T ) ∝ σB(1− 2

αsCA

π
log2 pcut

T
mH

+ ...)

I Perturbative corrections get large at small pcut
T � mH .

I Resummation of logs give improved prediction and uncertainty estimates.
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Jet veto Observables

Global Veto
restricts

∑
of all

emissions

Local Veto
restrict (local chunks of)

individual emissions

“beam broadening” "jet pT "

ET =
∑

i

| ~pTi | ~pjet
T = max

i∈jets
|~pTi |

"beam thrust" “jet beam thrust”

T =
∑

i

| ~pT i |e−|yi−Y | T jet = max
i∈jets
| ~pT i |e−|yi−Y | T jet

C = max
i∈jets

| ~pT i |
2 cosh(yi − Y )

(yi and Y are the jet and Higgs rapidity respectively.)
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Jet veto Observables
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i∈jets
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i∈jets
| ~pT i |e−|yi−Y | T jet

C = max
i∈jets

| ~pT i |
2 cosh(yi − Y )

I T jet and T jet
C are rapidity weighted jet veto observables and provide

different 0-jet phase space compared to pjet
T .

I T jet
C is a tighter jet veto at central rapidities and weaker at forward

rapidities.

Shireen Gangal (DESY) Resummation of jet veto observables in Higgs production 25-06-2014 4 / 19



Jet veto Observables

pjet
T

T jet
C pjet
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C binning
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I Resummation of various jet veto observables has been done:
1 Beam Thrust resummation: [Berger, Marcantonini, Stewart, Tackmann, Waalewijn]
2 pjet

T resummation: [Banfi, Monni, Salam, Zanderighi ; Becher, Neubert, Rothen;
Stewart,Tackmann, Walsh, Zuberi.]

I T jet
(C) is a rapidity weighted pT and has different resummation structure.

I Resummation of T jet
(C) provides complimentary information in the exclusive

0-jet region. We now focus on this.
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Soft-collinear Factorization and Resummation
The cross section in SCET for gg → H:

dσ0 = |CggH |2〈papb|O†ggHMvetoOggH |papb〉

OggH ∼ HOaOsOb ∼ HBµnaT [Y †naYnb ]Bnbµ

p p

Soft

Jet Jet

V

V

Measurement function Mveto

I Implements phase space constraints due to jet veto.
I Soft-collinear factorization implies

Mveto = Mveto
a ×Mveto

b ×Mveto
s + O(R2)

I Matrix elements factorize into independent soft and collinear matrix
elements

Ba,b(µ) = 〈pa|O†a,bMa,bOa,b|pb〉

Sa,b(µ) = 〈0|O†sMsOs|0〉
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Soft collinear Factorization and Resummation

p p

Soft

Jet Jet

V

V

Factorized cross section for gg → H with a jet veto T jet < T cut derived in
SCET: [Tackmann, Walsh, Zuberi]

σ0(T cut ) = HggH(mH , µ)Bjet
g (R,mHT cut, xa, µ)Bjet

g (R,mHT cut, xb, µ)Sjet (R, T cut, µ)

+ σns
0 (T cut, µ) + σRsub

0 (T cut,R)

Analogous for T jet
C < T cut :

σ0(T cut ) = HggH(mH , µ)Bjet
g (R,mHT cut, xa, µ)Bjet

g (R,mHT cut, xb, µ)Sjet
C (R, T cut, µ)

+ σns
0 (T cut, µ) + σRsub

0 (T cut,R)
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Soft collinear Factorization and Resummation

Factorized Cross section:

σ0(T cut ) = HggH(mH , µ)Bjet
g (R,mHT cut , xa, µ)Bjet

g (R,mHT cut , xb, µ)

Sjet
(C)(R, T

cut , µ) + ...

I Logarithms are split apart and resummed using RGE

ln2 T cut

mH
= 2 ln2 mH

µ
− ln2 T cutmH

µ2 + 2 ln2 T cut

µ

I Natural scales for Hard, beam and soft functions:
µH ' mH , µB '

√
T cutmH , µS ' T cut

I Hard function contains: ln2 [−m2
H/µ

2
H

]
I Beam functions: ln2 [mHT cut/µ2

B

]
I Soft function: ln2 [T cut/µS

] Sgg
B µS

µB

ΛQCD

µH

µ
Hgg

f

Bg
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Soft collinear Factorization and Resummation

I Resummation Structure:

lnσ0(T cut) ∼
∑

n

αn
s ln
[T cut

mH

]n+1
(1+αs +α2

s +· · · ) ∼ LL+ NLL+NNLL+· · ·

I Including the RGE running the resummed cross section for T jet

σ0(T cut ) = HggH(mH , µH) UH(mH , µH , µ)×
[
Bjet

g (R, T cut, µB) UB(mH , µB, µ)
]2

× Sjet
(C)(R, T

cut, µS) US(µS, µ) + ...

Log Fixed-order corrections Resummation input
counting: matching nonsingular γµH,B,S Γcusp β

NLL 1 - 1-loop 2-loop 2-loop
NLL′+ NLO NLO NLO 1-loop 2-loop 2-loop
NNLL′+NNLO NNLO NNLO 2-loop 3-loop 3-loop
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Resummation scales and Perturbative Uncertainties
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I Resummation region: Logs are resummed using canonical scaling

|µH |∼ mH µS∼ T cut µB∼
√

mHT cut

I FO region: Resummation is turned off to get the right FO cross section at
large T cut

µB, µS → µ ∼ mH

I Transition region: Profiles for µB, µS provide smooth transition from
resummation to fixed-order region.
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Perturbative Uncertainties in Jet Binning

σtotal =

∫ T cut

0
dT jet dσ

dT jet +

∫ ∞
T cut

dT jet dσ
dT jet

≡ σ0(T cut) + σ≥1(T cut)

I Uncertainties in the jet binning described in general by fully correlated
(yield unc.) and fully anticorrelated (migration unc.) components of a
covariance matrix {σ0, σ≥1}

C =

(
(∆y

0)2 ∆y
0 ∆y
≥1

∆y
0 ∆y
≥1 (∆y

≥1)2

)
+

(
∆2

cut −∆2
cut

−∆2
cut ∆2

cut

)
I FO region (T cut ∼ Q) : ∆y = ∆FO

I Resummation region (T cut << Q) : ∆cut = ∆resum

I ∆resum is the intrinsic uncertainty in the resummed T cut logarithmic series
caused by the binning cut.
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Perturbative Uncertainties
FO scale uncertainty

0
0 10 20 30

40

40 50 60 70

80

80 90 100

120

160

200

240

280
mH =125GeV

T cut [GeV]

T jet < T cut

S
ca

le
[G

e
V
]

gg→H (8 TeV)

µB

µS

µH

Resummation uncertainty

0
0 10

20

20 30

40

40 50

60

60 70

80

80

100

120

140

mH =125GeV

T cut [GeV]

T jet < T cut

S
ca

le
[G

e
V
]

gg→H (8 TeV)

µB

µS

I Fixed Order Uncertainty ∆FO :
I Maximum of collective variation of all scales by a factor of 2 keeping scale

ratios fixed.
I Reproduces the inclusive cross section uncertainty for large T cut.

I Resummation Uncertainty ∆resum:
I Varying the argument of logs estimates their size and missing higher log

terms.
I These variations are smoothly turned off at large T cut where the

resummation turns off.
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Resummation results for Higgs +0 jet

∆tot =
√

∆2
resum + ∆2

FO
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I Total Uncertainty dominated by resummation unc. till T cut ∼ 20 GeV and
by FO unc. at larger T cut .

I Good perturbative convergence.

Shireen Gangal (DESY) Resummation of jet veto observables in Higgs production 25-06-2014 13 / 19



Comparison to ATLAS H → γγ data

I The resummed results for different jet veto observables can be directly
compared to the ATLAS measurements.

I pjet
T resummation at NNLL′+ NNLO (Stewart,Tackmann,Walsh, Zuberi.):

~pjet
T = max

i∈jets
|~pTi |
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First comparison to the ATLAS measurement
of fiducial cross section in H → γγ
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Comparison to ATLAS H → γγ data

I NLL′+ NLO resummation for T jet
C < T cut :

T jet
C = max

i∈jets

| ~pT i |
2 cosh(yi − Y )
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Summary

I Exclusive jet cross section measurements are key to precision Higgs
physics at the LHC.

I Resummation of jet veto logs: important for accurate cross section
predictions.

I Resummation of different jet
veto observables provides
complementary information: In
this talk T jet, T jet

C .
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I Outlook : T jet resummation to NNLL′+ NNLO
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Non-singular Contribution

I In the large T limit, the resummed results should reproduce the correct
FO cross section.

dσFO

dT dY
= σ0α

2
s(µ2)

∫
dξa

ξa

dξb

ξb

∑
ij

Cij (xa/ξa, xb/ξb, T ,Y )fi (ξa, µ)fj (ξb, µ)

I The coefficients Cij for the FO cross section can be thought of as:

CFO
ij = |Mij |2 × (phase space factor)×Mveto

I Mveto depends on the jet-veto observable.
I The FO cross section is a sum of the singular and the non-singular parts.

dσns,FO

dT
=

dσFO

dT
− dσs,FO

dT
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Theory Uncertainties in Jet Binning

I Peturbative Structure of jet bin cross sections:

σ≥0 = σB
[
1 + αs + α2

s + · · ·
]

σ≥1(pcut
T ) = σB

[
αs(L2 + L + 1) + α2

s(L4 + L3 + L2 + L + 1) + · · ·
]

σ0(pcut
T ) = σB

{[
1 + αs + α2

s + · · ·
]
−
[
αs(L2 + L + 1) + α2

sL4 + · · ·
]}

where L = Log[pcut
T /Q]

I Central profiles:

µB = µs = µFO frun(T cut )

I Variation of beam and soft scales performed with a multiplicative factor
fvary(T cut):

µS(T cut) = fαvary(T cut)µcentral
S , µB = µ1/2+β(µS(T cut))1/2−β
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