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Jet veto in Higgs productlon

-09 ! | | ! [ T T T T i
) B —4- Data <~ SM (sys @ stat) |
D moal ATLAS Prellmlnary el e
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| H WW Wiv Bl Z+jets [ ] W+jets ]
ERE v .
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I 1 —¥ é | n
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Jets

Analysis is done In jet bins, since background is very different when
Higgs is produced in association with jets.

Need precise predictions for H + n jets, in particular for the 0-jet bin,
.e. the cross section with a jet veto:

pret < prte ~ 15-30 GeV

2



Resummation for jet veto

Several recent papers on resummation for Hlggs
Cross sections with jet vetoes

e Banfi, Salam and Zanderighi (BSZ) 1203.5773
+ Monni 1206.4998 (BMSZ)

e [B and Neubert 1205.3806 (BN)
e Tackmann, Walsh, Zuberi 1206.4312 (TW/)
e | iu and Petriello 1210.1906 (LP)

Will present our work and then discuss how it
relates to the others



Fixed-order predictions

1.0 —

a, expansion of € ] i a, expansion of o

a(pr'®) [pb]
a(pr'°) [pb]

mH/2<,L[<2mH 1 r mH/2</J<2mH

10 15 20 25 30 10 15 20 25 30
pr'° [GeV] 1Y [GeV]

Smaller scale uncertainty than total cross section ot | Cancellation:

® |arge positive corrections to oot from analytic continuation of scalar form

factor Ahrens, TB, Neubert, Yang 09

Veto
2n P

mp

* large negative corrections from collinear logs ., In

e at small R = 0.4 furthermore log(R) terms

Because of the presence of large corrections equivalent schemes can give
quite different predictions.



Jet clustering
: H

O "ty @d

e Aslong as R < In(mn/pT) = 1.5, the algorithm will cluster
soft and collinear radiation separately.

e [WZargue that R ~ pymu is necessary. Will discuss
this later.

e Jet veto translates into veto in each individual sector.



Factorization theorem from SCET

| |
= oo(l) C2(M2, 1) 'Co(—mZ, W) B.(&1, PEC, 1) Bol &2, PE°, 1) S(P°, 1)
scalar
form factor

do (PF°)
dy

top-loop collinear  anti-collinear soft

The naive factorization suffers from a collinear
anomaly. Prove that it has the form

Be(!1, P W) Bo(l2, PFOW) S(BF, ) o 2

H M $! 2F gg (PF° 1)
B gisie B('1, T, W B('2, Pros 1),

Two sources of log(mu/pr): 1.) RG evolution of hard
function C2|Cs |2 to from p ~ my to u ~ pr. 2.) anomaly.



Result for cross section

Beam function factorizes

t % "1yz
B(!,pr™, W) = — lg i (Z, B0, W) "ip (Mz, 1)
i=9,09
perturbative PDF
Cross section:
do (p\fto) 2/ 2 = 2 =2" M d 2Foa (PF™ 1)
1 = oo(p) CY(mg, 1) *Cs(! my, p): e

%

Iy i(p7°, 1) # dp (1) Iy (0T, 1) # e (1)
§



Ingredients for NNLL resummation

e One-loop Ilg—j(prvelo, w), computed in our paper.

e Two-loop constant d2(R) in anomaly Fgg(prvee, W)
e Related to F(R) computed by BSZ

e |n BN, we extracted a-veto(R) from F(R). This involves
taking the limit R a ! .

e BMSZ: Iimits prveo a Oand R a ! do not commute,

extra constant term arises. Changes numerical value of
axveto( ) significantly.

e Have now computed axveto(R) directly in SCET. Result is
fully consistent with BMSZ

e Updated phenomenological analysis under way.
1B, Neubert, Rothen, in preparation
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Ingredients for NNLL resummation

e One-loop lg—i(pT¥eto, W), computed in our paper.

e [woO-l00

e Relat

e Of

e Have 02 04 06 08 10 12 14 i

fully ¢ R

¢ UpUHTEu PTITCTTOrmEeToTogrecarariary srs-urrgecrway:.
1B, Neubert, Rothen, in preparation



Comparison to other work

e NNLL formula of BSMZ is equivalent to ours

e poth general structure, and explicit computations
of iIngredients agree

e TW/Z and LP (for O jets) use different formalism
(“rapidity renormalization group”), but obtain the
same factorization formula

e argue that factorization only holds at small R and
that soft-collinear mixing terms will spoil
resummation to NNLL



Soft-collinear mixing terms?

Both soft and collinear
contributions are integrated
over full phase space in SCET

Avoid double counting by

e multi-pole expanding
iIntegrands

® Or by performing “zero-bin”
subtraction of overlap

Find that soft-collinear mixing contribution cancels
against zero-bin subtraction of collinear-collinear.

It integrand is expanded in small soft rapidities, both
terms are absent.



[d="(py/d In p, - d=B(py/d In p}] / (4 o Cp oy /1)

Evidence for the absence sc-mixing

15 T T T T T T T = 20 T T T T T
pp, 7 TeV, mH/2= 125 GeV MCFM H+2-jet LO — = — =, pp, 40 TeV, m =5 TeV MCFM H+2-jet NLO —=—
| MR =uE =My , 2,0 = HR = Hp = my/2
10 I \sTW2008 NNLO PDFs BMSZ (this work) O(o L) S 15 | MSTW2008 NNLO PDFs BMSZ (this work) O(#3 L) ——
anti-k, jets BN (R=0.5) ——— c anti-k, jets
5 1 1 =
<~ 10}
0 R=1 5F\ . I m& R=0.1
______________________________ = ;:; T 5 /
5 / - - =
R=0.5<" I = oY
— C
10 k _— = OF R=0.5
10 ///l//I o I e
i —= = = - = = . 8 E / \
15 R=0.1—" S O R=1.5
1 1 é 1 1 ; L [
8 7 6 5 4 -3 2 1 0 6 5 4 -3 -2 -1 0
In py/my In p/my

e QOur computation of the R-dependent terms does
not include sc-mixing but agrees with QCD
computation BMSZ

e BMSZ have explicitly veritied that they correctly
reproduce the logarithmic terms at O(as2) and

O((ls3)



Numerical results

In the following, | will
show various plots, of
the cross section.

All plots have the
same format as the
one on the right.

The results are
PRELIMINARY

15

o(pr*°) [pbl

10 -

NLL
Nno matching

- pTVet0/2<lu<2pTVet0

|LHC @ 8 TeV
mMu=125 GeV :
MSTW2008NNLO




o(pr*) [pb]

NNLL resummed result

e At low R the result contains l0g(R) terms
which are not resummed.

e (500d theoretical control R>0.6



Matching to NNLO fixed order

Will consider three schemes

(A) No prefactor.

(

5)

(C)

~actor out overall prefactor C? |C|?

—2Fygg
= xtract prefactor C7 |Cs| (mH>

veto

T

The large corrections in|Cs|* also affect

Ta

MO|

tching terms: (
vated.

3) and (C) are better



I5F R=04 S5 R=0.6 1 15t R=0.8 115t R=1.

eK (naive matchi

NNLL+NM_/O, schen

—

R=0.2 1 15 R=04 415 R=0.6 115t R=0.8 1 15 R=1.

p 4 10} 4 10f // 4 10
/ | I | I /

4 / /

NﬁNLL+NNLpT scheme C (factor out hard function 'and anomaly)

e Small scale dependence in A, very small scale uncertainty in
scheme C

e (Cancellation of scale dependence between resummed result
and matching correction.



IL

ard function only)

- 5 -
’ (
0
30 10 15 20 25 30

e | arge scale uncertainty at small R, in contrast to
the other schemes.

e (Given the differences among schemes, it is not
straightforward to assign theoretical uncertainty

at low R



summary

e Derived all-order factorization theorem for Higgs cross
section with a jet veto.

e to NNLL our result is equivalent to BMSZ

e Have computed all ingredients to pertorm resummation to
NNLL

e confirm BMSZ result for R-dependent terms
e find that soft-collinear mixing terms are absent

e \We are working on updated phenomenological predictions

e | arger values of R preferred, to avoid large log(R) terms.

e Predict o instead of g, will be interesting to compare
numerical results to BMSZ



Extra slides



Fixed order for different R

15; R=04 4 15 R=0.6 1 15 R=0.8 415 R=1.

| 10/
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Fixed order

115k R=04 15 R=0.6 1 st R=0.8
; 10; / 10 - 4 10F
57 / | ; _ 5 |

NLO, scheme

174 1

(naive mafc




One-loop result
g | e %W %ﬁm ™

L2 L
Lyes ) = 801" )8 140 (T L) | | P RW(Z)]

2
Rg! g(Z) = —Ca % 5(1 — Z) : Rg! q(Z) =2Ckz LJ_ — 21n L

pT

o PV (2)are usual Altarelli-Parisi Kernels
e Closely related to Higgs gr beam function

e One-loop soft function is scaleless with our
regulator.



Anomaly exponent Fgq

1;2
Fy(pr® ) = a, T8 Ly + a’ (rg‘ﬁo TL +I4 L0, + d;em) L, =2~

veto
Pr

e Jo achieve NNLL, we need one-loop lg~i and two-loop Fgg
e [y IS fixed by RG equation, except for constant daveto

e doveto depends on jet radius R but is the same for all kr-
style algorithms.

e Analogous coefficient d2H99s for Higgs gt spectrum is
known. TB, Neubert 11



R-dependence

Foo"™®!, coefficient of RI C," J/# Foo"™e!, coefficient of RI n," J/#
4 T T T T T T 03 T T T T T T
numerical result  + numerical result  +
3 expansion to R with fitted o(1) — 0.2 expansion to R with fitted o(1) —
log R term (with constant) ' log R term (with constant)

2 L

1 -

O L
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Figure 8. Comparison of the
pieces of Feorrel,

numerical and small-R analytical determinations of the C'4 and Cg

from BS/




