Jet veto resummation




Jet veto in Higgs searches

Kinematical cuts are needed to enhance the signal (Higgs) to background
(top, WWYV, ZL+jets, WW/LLZ/Zy,W+jets, single top...) ratio

For instance, in H = WW — I*I" vv, most widely used cuts are on: ¢,
my, MET, Pt lhard, Ptlsoft .. and Ptjet

Most of these observables have constant K-factors, they barely affect the
scale variation of the cross-section

pp ~ H+ X+ WW + X - puivpuv+X pp ~ H+ X - WW + X - u'vuv+X

MRST2001 1O, MRST2004 (N)NLO
my/2 2 ug = pyp 2 2 my

Anastasiou et al.’09

MET (GeV)

This is in sharp contrast with the jet-veto, which is divergent for p¢veto — 0
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Jet veto in Higgs searches

On the other hand, a jet veto essential to suppress large top background,
experimental studies use ptyeto = 20-30 GeV

ATLAS Preliminary ® Data << SM (sys @ stat)

& data Z+jets o,
+ B ww Il wzzzwy . CMS prellmlnary
\I§=7Tev.det=1.o4fb

)i [ Single Top — m,=160
H->WW-—lvi B Z+jets ] W+iets (data driven)

= Hitsal ww [ wzzz
W+jets

top L=1.1fb"

No top veto |
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Higgs production sensitivity can be maximized by studying the 0-, | -,2-jet
bin cross-section separately, but this separation must be robust
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Jet veto in Higgs searches

Breakout of the inclusive cross-section:
example Tevatron with mp=160 GeV, Mn/2< PR = UF< 2 MH

= 6B Gaos6re e 0 e s

O-]et | -jet Zz-lets Anastasiou et al.’09

o~

5

& AT J‘.‘"'?,Hq_“'r". Rt
D L e I
(EiV gt &

e T AL
P R e SR Y

including calculation of the 2-jet bin
i ian. (% AU i “0"‘»‘ wf.'.*i' o 3 A W P PR ol s il At Tt R AR 1 . :‘1‘,'»'

PN L. RPN

~..‘u'jv:" R S T X X

g PO (4 > . e

L .“' EE LAY LA ;:‘-" el 7,;_“""-"., bt e _‘."-_ Rey

P S
? : I e SR AL .
B L T A L TV A e Y TS L s SR e Sy et
» ’ "

IR
»
“.A_@: e ) LR 3 p L5
> i" N ) IR O R S A B gl H
- . @ : ( -,




Uncertainty on jet veto

naive excl. scale variation

E.,=TTeV

my =165 GeV
| < 3.0

E= NNLO -
==:NLO

10 20 30 40 50 60 70 80 90 100
P [GeV]

e with pt¥¢* much smaller error
* large positive correction (K-fact)
and large negative logarithms

= T 11”1 p\rfeto

Stewart and Tackman ’| |
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Uncertainty on jet veto

Stewart and Tackman ’| |

lU AL AR R A e aaL ‘ AL R A e e ‘ T | I

f naive excl. scale variation

E=TTeV
m”=165GcV
|7 1\50 |t < 3.0
uncertaméfe@o =0
==:NLO ==:NLO
]A iLl.ZLXJ:;UllUi31012)017101?50”9011100 0 10 20 30 40 .50 60 70 80 90 10
Pt [GeV) p5 [GeV]
* with pt¥¢® much smaller error e with full correlations between jet
* large positive correction (K-fact) bins
and large negative logarithms dize.t claree Josarituns
't "4
QCAOCSI 9 M g COlietsiss Gtot a0 et
to
T P 2 N, 2
. AN UOjets—A O-tot"_A 0>1 jet
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Uncertainty on jet veto
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T p\rfeto

Stewart and Tackman ’| |

combined incl. scale variation

U ertamt:es

’ verstlma‘l:ed;.uf ‘5
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" [GeV]

e with full correlations between jet

bins
large K

Q o

\ %
90 et

large logarithms
00 jets — Otot

2 2 2
JAY G0iiets = JAY Otot AN O0>1 jet
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Uncertainty on jet veto

Stewart and Tackman ’| |

10

F naive excl. scale variation

=Scale vati 'on—al—oné

combined incl. scale variation

U ertamt:es
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y 3.0
Uncel‘talmf-fesw S8 NNLO
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* with pt¢*® much smaller error e with full correlations between jet
* large positive correction (K-fact) bins
and large negative logarithms e large logarithms
X "4
- 20405 2 My 00jets = Otot — O>1 jet
to
0 P 2 2 2
2 AN UOjetS:A Ghors 1 AN 0>1 jet

Resummation only for related quantities exist (ptH, beam-thrust)

Bozzi, Catani, DeFlorian,Grazzini 03
Berger, Marcantonini, Stewart, Tackmann, Waalewijn ’| |
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Jet-veto predictions

Currently available predictions for peveto:

* Pure NNLO calculation, OK for largish ptveto but divergent for small
values

* MC predictions (Pythia, Herwig, MC@NLO, POWHEG ...)
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Jet veto efficiency

Consider the production cross-section with a jet-veto

do
E(pt Veto Z/dq)]\f d(I)]]\\; (pt,veto _pt,max)

The observable considered in the following is the jet-veto efficiency




Resummation for jet-veto

A. Banfi, G. Salam, GZ '03-'04

Caesar is an automated tool to perform NLL resummation for suitable

observables.
It first determines if an observable V (k... kn) is within its scope. If so, it
determines numerically the input for the master resummation formula,

and then evaluates it.




Resummation for jet-veto

Suitable observables satisfy:

|) for a single soft emission, collinear to leg ¢, V should behave as

MONG
V{{p}, k) = dg t@ il

For the jet veto this is trivially satisfied with
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Resummation for jet-veto

Suitable observables satisfy:

|) for a single soft emission, collinear to leg ¢, V should behave as
Q

For the jet veto this is trivially satisfied with
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Resummation for jet-veto

Suitable observables satisfy:

|) for a single soft emission, collinear to leg 4, V should behave as

MONG
V{{p}, k) = dg t? il

For the jet veto this is trivially satisfied with
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Resummation for jet-veto

Last ingredient: compute the NLL effects due to multiple soft & collinear
emissions that are well separated in rapidity

A resummation typically requires

|. to determine how the observable depend on multiple emissions
2. to factorize this dependence (e.g. traditional methods use Mellin/

Fourier transforms)




Resummation for jet-veto

Last ingredient: compute the NLL effects due to multiple soft & collinear
emissions that are well separated in rapidity

A resummation typically requires
|. to determine how the observable depend on multiple emissions
2. to factorize this dependence (e.g. traditional methods use Mellin/

Fourier transforms)
Recall how this is done in CAESAR:
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Resummation for jet-veto

Last ingredient: compute the NLL effects due to multiple soft & collinear
emissions that are well separated in rapidity

A resummation typically requires
|. to determine how the observable depend on multiple emissions
2. to factorize this dependence (e.g. traditional methods use Mellin/

Fourier transforms)
Recall how this is done in CAESAR:

) SN ﬁg D 0 c “ e A "".\ B g L C a \ NN ] aq = ao/ > [ . e el 2%/ b B o | LR H
il ! > N - A = NI - L e g ~ ¢
7 o o PR ! AL SR o R S i R CR Y O S g B R
Lk £ S '.‘.’ ) e IV RS 5 JE o S v -

.ng_;, i 'm-

Dt s R R ot e s 1 P
SRS T AR S Aol -_ g A S
X T g o Oh Yy




g .
a3 o A TR -
R T '
Lot -t‘— U A «
A . w —ICH B ”
\2‘4_’~'." UL RS o iy >t

Resummation for jet-veto

The NLL difference betweenV and Vs comes from the region where
emissions are well-separated in rapidity (angular ordering)

In this limit, each emission leads to a jet,soV =V;

There are no multlple emission effects meanlng that the resummatlon for
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Resummation for jet-veto

The NLL resummed result takes the very simple form

p s V p yV
YNLL (Pt veto) :/dﬂhdxzf (ZCLMF : eto)f(ﬂ?z,,uF : eto)

M M
Pt,veto KR

Mg |2e — e = 5 ,as(uR))(;(wlsz — M?)

R Pt,veto MR - ( ) SO, iz dk? QSCMW<kt) MZ _§
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This is a pure gi(&sL)L and g2(XsL) in the exponent

G. Zanderighi — Oxford University



Matching to fixed order

In order to have a reliable prediction everywhere, one needs to match
resummation to fixed order results

The matching procedure should satisfy:

|.the matched results should be correct to NLL terms in the exponent
and the matched expanded results should be correct to &s" L2

2.the expansmn should agree with fixed order up to NNLO
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Three matching schemes

E1 (pt,veto) _ i)NLL,l (pt,veto):| %
o)

ZlogR(pt,veto) o iNLL (pt,veto) eXp

|:E2(pt,veto) NI P e (B (p e (iNLL,l(pt,veto))2:|
X exp 5 2
o) 200

@ ~ resummation x exp. of fixed order cor. (common for event shapes)
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Fixed order schemes

It is interesting to note that each scheme corresponds to a particular fixed
order expression of the efficiency (all of which are the identical at NNLO)

6(a) 2 Z()(pt,veto) = E1(p‘5,veto) b (pt,veto)
w O e B e A

zJ() (pt veto) _l_ El (pt Veto) _I_ 22(pt Veto)
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Fixed order results

LHC, 7 TeV

HNNLO + MCFM
Mu/d s ug, ug s My
12spglups2
Mu=145GeV

H
DYNNLO + MCFM

M /4 s ugp, ue s M,
1Rsug/pss2

scheme (a) 22222
scheme (b)
scheme (c)

scheme (a)
scheme (b) R
scheme (c)

Large differences between schemes

due to very large higher order | Lo NLO_

|
| - . 28,6701 | 19400
corrections for Higgs production 947LD 1% 110.570% [ 9.61

(for DY only modest differences)
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Matched NLL results

md2-R (o, = 0)

scheme (b) scheme (c)

LHC 7TeV
md2-R

scheme (a) N.O
NN O B

NNLO+NLL (full unce rt*
NNLO+NLL (scale ur _ert.)

Mu=145GeV
100

pr [GeV
Full band obtained varying renormalization, factorization and resummation
scales independently around Mn/2
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Matched NLL results

B schemea(md2R all)

CAESAR NLL+NNLO
My <u, Q <my,

MSTW2008 NNLO PDFs
anti-k,, R=0.5

Comparison between the
three schemes that are

G. Zanderighi — Oxford University



Comparison with MC

777777)  NNLO+NLL

MC@NLO

LHC 7TeV

* NNLO+NLL band obtained by taking the envelope of full scale

variation in scheme (a) + central scale for scheme (b) and (c)
* Good agreement with POWHEG, less so with MC@NLO

e Small uncertainties both in MC@NLO and POWHEG
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HqT rescaling on PWG

—— prj PWG+PYT (rescaled by HqT)
P, PWG+PYT (no rescaling)
prH POW+PYT
PrH HaT .

<]

* Powheg agrees well with
HqT
* Rescaling has a tiny effect

¢ Sizeable difference
between piyeto and peH
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Ptveto VS Pt,Higgs

RS Caesar Jet Veto (NLL+NN_

* In the p; region of interest
HqT and Caesar have
similar uncertainties

M4 <u, Qamy,

s * Difference between p¢H

from HqT and pgyero from
Caesar is os%L

* R-dependence of pgyeto result
of the same order of
magnitude as difference
between HqT and Caesar (it is
as2 with a large “K-factor”)
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Conclusions

@ a jet-veto enters all main current Higgs searches, solid
theoretical predictions with reliable errors are highly desirable

@ often accurate predictions for the Higgs p:. distribution are used to
reweight Monte Carlo predictions for the jet-veto

“ it is interesting that the jet-veto, that has never been resummed before,
~ turns out to be avery S|mple observable i
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Extra Slides




Impact of rapidity cut
and change of R

4 | Pp7TeV.my=145Gey
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Convergence of fixed
order schemes

1.1 : : | | : t z
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md2-R (o, = 0)
scheme (b) ' - - ‘ scheme (c)

|
0.1 f

pT Mz

LHC 7TeV

md2-R
scheme (a) NLO
' NLO F 33
NNLO+NLL (full ur >»...)
NNLO+NLL (scale uncert.)

0.1 1

Full band obtained varying renormalization, factorization and resummation
scales independently around Mz/2
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