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Higgs boson mass, are assumed.
We choose to use the intersections of piecewise linear interpolations of our observed and expected rate limits in

order to quote ranges of Higgs boson masses that are excluded and that are expected to be excluded. The sensitivities
of our searches to Higgs bosons are smooth functions of the Higgs boson mass and depend most strongly on the
predicted cross sections and the decay branching ratios (the decay H → W+W− is the dominant decay for the
region of highest sensitivity). The mass resolution of the channels is poor due to the presence of two highly energetic
neutrinos in signal events. We therefore use the linear interpolations to extend the results from the 5 GeV/c2 mass
grid investigated to points in between. This procedure yields higher expected and observed interpolated limits than
if the full dependence of the cross section and branching ratio were included as well, since the latter produces limit
curves that are concave upwards. The regions of Higgs boson masses excluded at the 95% C.L. thus obtained are
158 < mH < 175 GeV/c2 and 100 < mH < 109 GeV/c2. The expected exclusion region, given the current sensitivity,
is 156 < mH < 173 GeV/c2. The excluded region obtained by finding the intersections of the linear interpolations of
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FIG. 5: Observed and expected (median, for the background-only hypothesis) 95% C.L. upper limits on the ratios to the SM
cross section, as functions of the Higgs boson mass for the combined CDF and D0 analyses. The limits are expressed as a
multiple of the SM prediction for test masses (every 5 GeV/c2) for which both experiments have performed dedicated searches
in different channels. The points are joined by straight lines for better readability. The bands indicate the 68% and 95%
probability regions where the limits can fluctuate, in the absence of signal. The limits displayed in this figure are obtained with
the Bayesian calculation.
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[CDF+DØ arXiv:1007.4587]

mH � 130 GeV: H → WW dominant decay channel

Primary early discovery channel at the LHC

Dominant channel in Tevatron exclusion limits

mH � 130 GeV: Various competing options I won’t go into ...

Frank Tackmann (MIT) Better Theory Predictions for the LHC 2010-11-22 10 / 34

pp→ H →WW → �ν̄�̄νFocus on

dominant channel in Tevatron 
limits for mH � 130 GeV

•
• early discovery channel at LHC

Factorization and SCET Higgs Jet Veto Calculation Results
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Factorization and SCET Higgs Jet Veto Calculation Results

H → WW at the Tevatron

1

10

10 2

10 3

100 110 120 130 140 150 160 170 180 190 200

1

10

10 2

10 3

mH (GeV/c2)

95
%

 C
L 

Li
m

it/
SM

CDF Run II Preliminary, <L> = 5.6-5.9 fb-1

H!"" 2.3 fb-1 Obs
H!"" 2.3 fb-1 Exp
ZH!llbb 5.7 fb-1 Obs
ZH!llbb 5.7 fb-1 Exp

WH+ZH+VBF!jjbb 4.0 fb-1 Obs
WH+ZH+VBF!jjbb 4.0 fb-1 Exp

WH+ZH!METbb 5.7 fb-1 Obs
WH+ZH!METbb 5.7 fb-1 Exp
WH!l#bb2j 5.7 fb-1 Obs
WH!l#bb2j 5.7 fb-1 Exp
H!$$ 5.4 fb-1 Obs
H!$$ 5.4 fb-1 Exp
WH!l#bb3j 5.6 fb-1 Obs
WH!l#bb3j 5.6 fb-1 Exp
H!WW 5.9 fb-1 Obs
H!WW 5.9 fb-1 Exp
Combined Obs
Combined Exp

LEP
Excl.

SM=1
July 19, 2010

[CDF]

Number of jets
0 2 4 6

1

10

210

310

410
Data
Bkgd. syst.
Signal
Z+jets
Diboson
W+jets
Multijet
tt

b) -1DØ 5.4 fb

Number of jets
0 2 4 6

1

10

210

310

410

Number of jets
0 2 4 6

1

10

210

310

410

[DØ (arXiv:1001.4481)]

Tevatron excludes 158 GeV ≤ mH ≤ 175 GeV at 95% CL

Analyses divide data into 0-jet, 1-jet, and ≥ 2-jet samples

Dominant sensitivity comes from 0-jet (1-jet) sample

⇒ Setting limits requires reliable predictions and theory uncertainties
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Factorization and SCET Higgs Jet Veto Calculation Results

H → WW vs. tt̄ → WWbb̄
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⇒ Veto events with central jets, measure pp → H(→ WW ) + 0 jets
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How to Veto Central Jets

Conventional: Jet algorithm

Search for jets and require pT < pcut
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•

•

• Nice for higher order calculations
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Jet veto restricts ISR, gives double logs

Factorization and SCET Higgs Jet Veto Calculation Results

Large Logarithms from ISR

Even if hard signal process gg → H contains no jets,
jet veto affects cross section by restricting hadronic ISR

⇒ t-channel singularities produce double logarithms
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Current methods: LL+NLO using Monte Carlo (or fixed NNLO)

Using SCET we include NNLL+NNLO
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Fixed Order to 
NNLO

Factorization and SCET Higgs Jet Veto Calculation Results

Jet Veto in Current Theory Predictions

Fixed-order studies at NNLO
[Catani, de Florian, Grazzini; Anastasiou et al.]

FEHiP, HNNLO: Numerical fully
differential NNLO cross section for
gg → H

[Anastasiou, Melnikov, Petriello; Grazzini]

[Anastasiou et al.]
Currently need to rely on parton shower MCs
to sum leading double logarithms

ISR modeled by initial-state shower
(based on PDF evolution and less tested than final-state shower)

Reweight Pythia to inclusive NNLO cross section

MC@NLO, POWHEG: combine fixed NLO with parton-shower LL
summation

Frank Tackmann (MIT) Higgs Production with a Central Jet Veto 2011-01-24 13 / 26
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... +
...

. . .

LL NLL NNLL

Current methods: LL+NLO using Monte Carlo (or fixed NNLO)

Using SCET we include NNLL+NNLO
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L = ln
pcut

T

mH

or L = ln
T cut

cm

mH

Higgs and Jet Vetos Beam Thrust as Jet Veto 0-Jet Higgs Production

gg → H → WW with 0 Jets

Jet Vetos and ISR Beam Thrust and Beam Functions NNLL Results for Drell-Yan 0-Jet Higgs Production

gg → H → WW with 0 Jets

ηcut=2.5

ηcut=2.5

MC@NLO

[Anastasiou, Dissertori, Stöckli, Webber]

Higgs production with 0 jets very different from inclusive Higgs production
Jet veto imposes strong restriction on phase space

� Causes large double logarithms αn

s
lnm≤2n(pcut

T
/mH)

� Must be resummed
Signal cross section sensitive to details of jet algorithm

Frank Tackmann (MIT) A New Approach to Veto Jets at the LHC 2010-05-18 5 / 22

[Anastasiou, Dissertori, Stöckli (arXiv:0707.2373)]

W−

Soft

Soft

W+

Jet b Jet a

p p

Jet veto restricts

initial-state radiation

Jet veto leads to large double logarithms (if pcut
T

� mH )

σ(pcut
T

) ∝ 1 −
2αsCA

π
ln2 p

cut
T

mH

+ . . .

[Extracted from Catani, de Florian, Grazzini (hep-ph/0111164)]

� Need to be summed for reliable predictions and uncertainties

[Anastasio et al.  arXiv:0707.2373]:

Fixed order NNLO studies
Factorization and SCET Higgs Jet Veto Calculation Results

Jet Veto in Current Theory Predictions

Fixed-order studies at NNLO
[Catani, de Florian, Grazzini; Anastasiou et al.]

FEHiP, HNNLO: Numerical fully
differential NNLO cross section for
gg → H

[Anastasiou, Melnikov, Petriello; Grazzini]

[Anastasiou et al.]
Currently need to rely on parton shower MCs
to sum leading double logarithms

ISR modeled by initial-state shower
(based on PDF evolution and less tested than final-state shower)

Reweight Pythia to inclusive NNLO cross section

MC@NLO, POWHEG: combine fixed NLO with parton-shower LL
summation
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Factorization and SCET Higgs Jet Veto Calculation Results

Theory Uncertainties Used at Tevatron

Relative uncertainties for W
+

W
− → �±��∓ [CDF numbers from arXiv:1007.4587]

pp → WW gg → H + 0 jets gg → H + 1 jets

Scale 7.0% (HNNLO) 23.5% (HNNLO)
PDF Model 7.6% 17.3%
Total 6.0% (MCFM)

Theory uncertainties are taken from fixed-order calculations
� Do not take into account large logarithms → likely underestimated

Uncertainties in exclusive jet cross section are different from inclusive
cross section

� Uncertainty for pp → WW (and other) background(s) should also
be evaluated for each jet multiplicity separately
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7% scale uncertainty
does not account

for large logs

Higgs has 
large K 
factor
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Jet veto restricts ISR, gives double logs

Factorization and SCET Higgs Jet Veto Calculation Results

Large Logarithms from ISR

Even if hard signal process gg → H contains no jets,
jet veto affects cross section by restricting hadronic ISR

⇒ t-channel singularities produce double logarithms

L
2 = 2 ln2 p

cut
T

mH

or L
2 = ln2 T cut

cm

mH

σ0−jet = 1 + αsL
2 + αsL + αs NLO

+ α2
s
L

4 + α2
s
L

3 + α2
s
L

2 + α2
s
L + α2

s
NNLO

+ α3
s
L

6 + α3
s
L

5 + α3
s
L

4 + α3
s
L

3 + α3
s
L

2 + · · ·

+
... +

... +
... +

... +
...

. . .

LL NLL NNLL

Current methods: LL+NLO using Monte Carlo (or fixed NNLO)

Using SCET we include NNLL+NNLO
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L = ln
pcut

T

mH

or L = ln
T cut

cm

mH

Parton Shower 

LO NLO

eg. MC@NLO is NLO+LL  

σ0-jet = 1 + αsL
2 + α2

sL
4 + α3

sL
6 + . . .

+ αsL + α2
sL

3 + α3
sL

5 + . . .

+ αsn1(pcut
T ) + α2

sL
2 + α3

sL
4 + . . .

+ α2
sL + α3

sL
3 + . . .

+ α2
sn2(pcut

T ) + α3
sL

2 + . . .

+ α3
sL + . . .

+ α3
s + . . .

LL

eg. Pythia is LL  (+ tuning)
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Jet veto restricts ISR, gives double logs

Factorization and SCET Higgs Jet Veto Calculation Results
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L = ln
pcut

T

mH

or L = ln
T cut

cm

mH

Our calculation:

LO NLO

NNLL + NNLO

σ0-jet = 1 + αsL
2 + α2

sL
4 + α3

sL
6 + . . .

+ αsL + α2
sL

3 + α3
sL

5 + . . .

+ αsn1(pcut
T ) + α2

sL
2 + α3

sL
4 + . . .

+ α2
sL + α3

sL
3 + . . .

+ α2
sn2(pcut

T ) + α3
sL

2 + . . .

+ α3
sL + . . .

+ α3
s + . . .

NNLO

NLL

LL

NNLL

two orders of summation 
beyond LL shower programs
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Factorization and SCET Higgs Jet Veto Calculation Results

Factorization Theorem for Beam Thrust

[Stewart, FT, Waalewijn]

�

�

p p

Soft

Jet Jet

dσs

dTcm
= Hgg(µ)

�
dtadtb Bg(ta, µ) Bg(tb, µ) S

gg

B

�
Tcm −

ta + tb

mH

, µ

�

Function describes at the scale

Hard Hgg hard virtual radiation |µH | � mH

Beam Bg virtual & real energetic ISR µB �
√

TcmmH

Soft S
gg

B
virtual & real soft radiation µS � Tcm
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Our calculation: NNLL + NNLO
Factorization and SCET Higgs Jet Veto Calculation Results

Factorization Theorem for Beam Thrust

[Stewart, FT, Waalewijn]

�

�

p p

Soft

Jet Jet

dσs

dTcm
= Hgg(µ)

�
dtadtb Bg(ta, µ) Bg(tb, µ) S

gg

B

�
Tcm −

ta + tb

mH

, µ

�

Function describes at the scale

Hard Hgg hard virtual radiation |µH | � mH

Beam Bg virtual & real energetic ISR µB �
√

TcmmH

Soft S
gg

B
virtual & real soft radiation µS � Tcm
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� logs give
sensitivity
to smaller

scales

Perturbation theory at each scale contributes to uncertainties

Bi(t, x) =
�

dξ

ξ
Iij(t, x/ξ) fj(ξ)
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• theory error bands overlap,
come from varying  

Results:

Factorization and SCET Higgs Jet Veto Calculation Results

Beam Thrust Spectrum and Cumulant
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(
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c
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c
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NLL

NLL
�
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NNLL+NNLO

gg → H production cross section for

mH = 165GeV at the LHC

Differential beam-thrust spectrum

peaks at small Tcm

has rather large tail from ISR

Perturbative corrections are important

Incoming gluons radiate a lot

Very large at lower orders

Good convergence at higher

orders
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Figure 2. Comparison of the Higgs signal and tt̄ background using Pythia. The differential spectrum
in Tcm is shown on the left, and in pmax

T , the pT of the hardest jet, on the right. For the jet algorithm
we use the anti-kt algorithm with R = 0.4, only considering jets with |ηjet| < 2.5 or |ηjet| < 4.8.

37] to simulate gg → H → WW for mH = 165GeV and tt̄ → WWbb̄ events. In both

cases we turn off multiple interactions in Pythia, since the corresponding uncertainty is

hard to estimate without dedicated LHC tunes. Following the selection cuts from ATLAS

in ref. [2] we force one W to decay into an electron and one into a muon. We then require

both leptons to have pT > 15GeV and |η| < 2.5. For the dilepton invariant mass we require

12GeV < m!! < 300GeV, and for the missing transverse momentum, pmiss
T > 30GeV. We

have not attempted to implement any lepton isolation criteria since they should have a similar

effect on the Higgs signal and tt̄ background. For the pT jet veto we define jets using the

anti-kt algorithm [64] with R = 0.4 implemented in the FastJet package [65]. The results for

the differential cross section in Tcm and pmax
T after the above cuts are shown in figure 2, where

the normalization corresponds to the total cross sections σgg→H = 8pb and σtt̄ = 163pb (see

e.g. ref. [66]). Note that the above selection cuts have no effect on the shape of the Higgs

signal and a small 5 − 20% effect on the shape of the tt̄ background. In this simulation a

signal to background ratio of one is achieved with cuts Tcm < 31GeV, pmax
T < 32GeV for

|η| < 2.5, and pmax
T < 33GeV for |η| < 4.8. It will be very interesting to see the performance

of Tcm in a full experimental analysis including a b-jet veto from b-tagging which will further

improve the suppression of t → Wb decays with only small effects on the Higgs signal.

Including the resummation of large logarithms for Tcm # mH , the production cross

section from gluon fusion, gg → H, is given by the factorization theorem [56]

dσ

dTcm
= σ0 Hgg(mt,m

2
H , µ)

∫
dY

∫
dta dtbBg(ta, xa, µ)Bg(tb, xb, µ)

× Sgg
B

(
Tcm − e−Y ta + eY tb

mH
, µ

)
+

dσns

dTcm
, (1.4)

where

xa =
mH

Ecm
eY , xb =

mH

Ecm
e−Y , σ0 =

√
2GF m2

H

576πE2
cm

, (1.5)

– 6 –
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Figure 9. The beam thrust spectrum for Higgs production for mH = 165GeV at the Tevatron
(left) and the LHC for Ecm = 7TeV (right). The bands show the perturbative scale uncertainties as
explained in section 2.6.
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Figure 10. Higgs production cross section as a function of T cut
cm for mH = 165GeV at the Tevatron

(left) and the LHC with Ecm = 7TeV (right). The bands show the perturbative scale uncertainties as
explained in section 2.6.
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Figure 11. Higgs production cross section with a cut on beam thrust as function of mH at the
Tevatron for T cut

cm = 10GeV (left) and the LHC with Ecm = 7TeV and T cut
cm = 20GeV (right). The

bands show the perturbative scale uncertainties as explained in section 2.6.

– 30 –

• large K factors (~2-3) in fixed
order results are reduced by 
log +      resummation   

µH , µB , µS

π2
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without jet veto,
Factorization and SCET Higgs Jet Veto Calculation Results

Reproducing Fixed-Order Result at Large Tcm
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π2 summation (default)

total cross section scale 
uncertainty (to 4% at LHC)

reproduce NNLO 
uncertainties

•

•

central values agree 
at large 

vs. NNLO (µ = mH/2)

Large T cut
cm

π2 summation

T cut
cm

NNLL + NNLO with

reduces 
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Small T cut
cm
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Figure 15. Comparison of the NNLL+NNLO result for the Higgs production cross section as a
function of T cut

cm to the fixed NNLO result for the Tevatron. The bands show the perturbative scale
uncertainties. The left plot shows the cumulant cross section. The right plot shows the same informa-
tion as percent difference relative to the NNLL+NNLO central value.
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Figure 16. Same as figure 15 but for the LHC with Ecm = 7TeV.

0
0 20 40 60 80 100 120 140 160

0.1

0.2

0.3

0.4

0.5

T cut
cm [GeV]

σ
(T

cu
t

cm
)

[p
b
]

Ecm=1.96 TeV
mH =165 GeV

NNLO
NNLL+NNLO

0
0

2

4

6

8

10

20 40 60 80 100 120 140 160

Ecm=7 TeV

T cut
cm [GeV]

σ
(T

cu
t

cm
)

[p
b
]

mH =165 GeV

NNLO

NNLL+NNLO

Figure 17. Same as the left panels of figures 15 and 16 but plotted up to T cut
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Figure 16. Same as figure 15 but for the LHC with Ecm = 7TeV.
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Figure 17. Same as the left panels of figures 15 and 16 but plotted up to T cut
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• NNLO not reliable for small T cut
cm

• logs are large, NNLL central value 
lower than NNLO
(partly accounted for PS)

• scale uncertainty at 
NNLL+NNLO is 10-20%

(Tevatron uncertainty slightly 
larger, and greater than 7% 

that is currently used)
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Small T cut
cm
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•

•

all previous plots show 
envelope of the three 
separate scale variations
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Figure 6. Profiles for the running scales µH , µB, and µS . The central lines for µB and µS show
our central scale choices. The upper and lower curves for µB and µS correspond to their respective
variations b) and c) in eq. (2.55).

becomes precisely the fixed-order result.

µrun(τ, µ) =






µ0 + aτ2/τ1 τ ≤ τ1 ,

2a τ + b τ1 ≤ τ ≤ τ2 ,

µ− a(τ − τ3)2/(τ3 − τ2) τ2 ≤ τ ≤ τ3 ,

µ τ > τ3 ,

a =
µ0 − µ

τ1 − τ2 − τ3
, b =

µτ1 − µ0(τ2 + τ3)

τ1 − τ2 − τ3
. (2.53)

The expressions for a and b follow from demanding that µrun(τ) is continuous and has a

continuous derivative. The value of µ0 determines the scales at τ = 0, while τ1,2,3 determine

the transition between the regions discussed above. For our central value we use the following

choice of parameters

µ = mH , eB = eS = 0 , µ0 = 2GeV , τ1 =
5GeV

mH
, τ2 = 0.4 , τ3 = 0.6 . (2.54)

The corresponding running scales are shown in figure 6.

Since the factorization theorem is not affected by O(1) changes of the renormalization

scales, we should vary them to determine the perturbative uncertainty. For a reasonable

variation of the above parameters, the cross section is most sensitive to µ, eB and eS . We

therefore estimate our uncertainties from higher order terms in perturbation theory by taking

the envelope of the following three separate variations,

a) µ = 2±1mH , eB = 0 , eS = 0 ,

b) µ = mH , eB = ±0.5 , eS = 0 ,

c) µ = mH , eB = 0 , eS = ±0.5 . (2.55)

– 25 –

µB and µS dominate
for small T cut

cm
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How should the results be used?

• Reweigh the partonic beam thrust spectrum in Monte 
Carlo to NNLL+NNLO.  Then use it to analyze jets with a
standard         method.  

Discussion:

pcut
T

(add hadronization, underlying event, ... )

• Use MC to translate the NNLL+NNLO error band into 
an error for the 0-jet         sample.

• When sample is divided into jet bins, theory errors are a matrix 

0, 1, ≥ 2eg.

eg. 0, ≥ 1
smaller incl. 
uncertainty

constrains sum 
of all entries

�
σ2

0 σ2
0,≥1

σ2
0,≥1 σ2

≥1

�





σ2
0 σ2

01 σ2
0,≥2

σ2
01 σ2

1 σ2
1,≥2

σ2
0,≥2 σ2

1,≥2 σ2
≥2





jets

jets

pcut
T

�
�

σ2
0 −σ2

0

−σ2
0 σ2

0 + σ2
incl

�
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Validation?   Other options?

• Drell-Yan pairs from            with a jet veto should be used for 
validation.

γ∗, Z∗
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B = 0.1 in both numerator and denominator.

e+e− → qq̄. The experimental measurement of beam
thrust will contribute very valuable information to our
understanding of ISR at hadron colliders and could be
used to test and tune the initial-state parton shower and
underlying event models in Monte Carlo programs. Re-
stricting beam thrust τB " 1 implements a theoretically
well-controlled jet veto, which has important applications
in other processes, for example Higgs production [11].
The measurement of beam thrust in Drell-Yan provides a
clean environment to test the application of beam thrust
as a central jet veto.
This work was supported by the Office of Nuclear

Physics of the U.S. Department of Energy, under the
grant DE-FG02-94ER40818.
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stricting beam thrust τB " 1 implements a theoretically
well-controlled jet veto, which has important applications
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FIG. 2: Different final-state configurations for pp collisions. The top row corresponds to Drell-Yan factorization theorems for
the (a) inclusive, (b) threshold, and (c) isolated cases. The bottom row shows the corresponding pictures with the lepton pair
replaced by dijets.

A. Drell-Yan Factorization Theorems

To describe the Drell-Yan process pp → X!+!− or
pp̄ → X!+!−, we take

Pµ
a + Pµ

b = pµ
X + qµ , (4)

where Pµ
a,b are the incoming (anti)proton momenta,

Ecm =
√

(Pa + Pb)2 is the total center-of-mass energy,
and qµ is the total momentum of the !+!− pair. We also
define

τ =
q2

E2
cm

, Y =
1
2

ln
Pb · q
Pa · q ,

xa =
√

τeY , xb =
√

τe−Y , (5)

where Y is the total rapidity of the leptons with respect
to the beam axis, and xa and xb are in one-to-one corre-
spondence with τ and Y . Their kinematic limits are

0 ≤ τ ≤ 1 , 2|Y | ≤ − ln τ ,

τ ≤ xa ≤ 1 , τ ≤ xb ≤ 1 . (6)

The invariant mass of the hadronic final state is bounded
by

m2
X = p2

X ≤ E2
cm(1 −

√
τ )2 . (7)

In Drell-Yan

Q =
√

q2 % ΛQCD (8)

plays the role of the hard interaction scale. In general,
for factorization to be valid at some leading level of ap-
proximation with a perturbative computation of the hard
scattering, the measured observable must be infrared safe
and insensitive to the details of the hadronic final state.

For inclusive Drell-Yan, illustrated in Fig. 2(a), one
sums over all hadronic final states X allowed by Eq. (7)
without imposing any cuts. Hence, the measurement is
insensitive to any details of X because one sums over all
possibilities. In this situation there is a rigorous deriva-
tion of the classic factorization theorem [28, 51, 52]

1
σ0

dσ

dq2dY
=

∑

i,j

∫
dξa

ξa

dξb

ξb
H incl

ij

(xa

ξa
,
xb

ξb
, q2, µ

)

× fi(ξa, µ) fj(ξb, µ)
[
1 + O

(ΛQCD

Q

)]
, (9)

where σ0 = 4πα2
em/(3NcE2

cmq2), and the integration lim-
its are xa ≤ ξa ≤ 1 and xb ≤ ξb ≤ 1. The sum is
over partons i, j = {g, u, ū, d, . . .}, and fi(ξa) is the par-
ton distribution function for finding parton i inside the
proton with light-cone momentum fraction ξa along the
proton direction. Note that ξa,b are partonic variables,
whereas xa,b are leptonic, and the two are only equal at
tree level. The inclusive hard function H incl

ij can be com-
puted in fixed-order perturbative QCD as the partonic
cross section to scatter partons i and j [corresponding to
dσpart

ij in Eq. (1)] and is known to two loops [53–57].

• Directly measure beam thrust
(important on its own).
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Theory Plans:

• A calculation of the Higgs + 0-jet cross section at one higher 
order (N3LL) is feasible.  “Only” a missing 2 loop calculation. 
This will help reduce the perturbative uncertainty.

Similar calculations can be carried out for  Higgs + 1 jet.  This 
work is already in progress.

•

•

Tables with results for a large number of mH values?
Stand alone code that can be run on demand?

What do you need?  Wish list?
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Factorization and SCET Higgs Jet Veto Calculation Results

H → WW Signal and Backgrounds at LHC

Expected WW → eνµν events in 1 fb−1
[ATLAS arXiv:0901.0512]

Cut H → WW tt̄→WWbb̄ WW Z → ττ W+ jets

Lepton selection 166 6501 718 4171 209

p
miss
T > 30 GeV 148 5617 505 526 182

Z → ττ rejection 146 5215 485 164 150

Central jet veto 62 15 238 32 76

b-jet veto 62 7 238 31 76

MT < 600 GeV
∆φ�� < π/2

50.6 ± 2.5 2.3 ± 1.6 85.4 ± 2.7 < 1.7 38 ± 38

Central jet veto essential to eliminate huge tt̄ → WWbb̄ background

Main irreducible background from pp → WW

Frank Tackmann (MIT) Higgs Production with a Central Jet Veto 2011-01-24 9 / 26

Signal and Background
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