Jet Veto at Hadron Colliders

In collaboration with Chong Sheng Li and Hai Tao Li
JHEP07(2013)169; arXiv:1406.XXXX

Speaker: Ding Yu Shao

2014/05/16, The 9th Workshop of TeV Physics, Sun Yat-sen University



What is Jet Veto?

eg. pp > H @LHC

Plet < PVeto

i=1 ..,n

Pyeto ~ 20 — 30 GeV




Why Jet Veto?

In order to suppress the SM background (e.g. t t process) which
can produce more energetic jets, the jet veto is always applied by
experimentalists.

e Data %4 SM (sys @ stat)
B Diboson [ ] Top

Ldt=2.05fc" Wl Z+ets i H[150 GeV]
[J W+jets (data driven)
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Due to the existence of a small scale p¥€t°,

perturbative convergence is poor, and the fixed
order predictions are unreliable.

Thus, the QCD resummation is necessary and the
large logarithmic terms al* log™ (p¥€'° /Q)
should be resummed to all order.



Perturbative QCD
Soft-Collinear Effective Theory

Veto on other kinematic variables (stewart, et.al.,2010, ...)
— beam thrust, N—jettiness...

NLL efficiency by CAESAR : (salam,et.al.,1203)

veto
— e(p¥eto) = M, Full Numerically

Otot

NNLL “collinear anomaly” (Becher, Neubert,1205)
Updated NNLL efficiency (salam,et.al.,1206)
NNNLL “collinear anomaly” (Becher, Neubert, et.al.,1307)

NNNLL “rapidity renormalization group” (stewart, et.al.,1308)



Resummation Prediction on Higgs and
Vector Boson Associated Production
with a Jet Veto “HV + 0j” at the LHC

JHEP 1402 (2014) 117 DYS, Chong Sheng Li and Hai Tao Li



pPyeto ~ 20 — 30 GeV




Scale in HV + 0j (SCET)

nH n#
L ~ u
kb = k¥ —+ k™= + k)

Expanding parameter:
A~ pre/M
M: Invariant Mass of HV

Momentum | (k*, k™, k,) | Virtuality
modes

Hard (1,1,1)M M
Collinear (1,22, )M AM ~ preto

Anti- (A%, 1,A)M AM ~ p¥eto
Collinear

Soft ALALDM  AM ~ pYete
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Rapidity Divergence

Sector Decomposition

M
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Analytic regulator; smimov 1990

“delta” regulator; chiuet.al 2009

Collins and Soper 1981, Collins 1989

Rapidity Renormalization Group; chiuet.al. 2012

Collinear Anomaly; Becheret.al. 2012




Collinear Anomaly

* Phase Space integration

> [Pk - [dPk (L)

K+

: 1
» New divergences as -

Rapidity Renormalization Group

Lagrangian

» Modify the definition of
Wilson Line

w? |- 2|
W, = Z exp['zs.?l v_fll n-A,
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» New divergences as;

> New RGE about scale v



Factorization in SCET

soft radiation

collinear /‘é collinear
radiation / \ radiation

 Work in sequential jet algorithms

JAy? + Ag?
d;; = min(p};, p} ;) - , dig = D},

e Cluster soft and collinear radiation separately as long
as R <InM/p¥et® ~ 2



Factorization in SCET

soft radiation

collinear /é collinear
radiation / \ radiation

veto

do(pr_) _ % 2 2 \yRpn veto
dMZdY - S }[(M nu )B q(_Nl(Cl)pT ;,u)
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Leading Singular terms

HW*

— leading singular terms

®* NLO with MCFM

1 10
p\T'eto[GeV]




Resummation Predictions

e Scale reduce from NLL
HW'+HW"

<NLL to NNLL !
ZINNLL

e Perturbative
convergence are well
behaved in all the

invariant mass region!
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jet vetoed cross section
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NLO+NNLL v.s. NLO

NLO+NNLL(R=0.4)

N NLO+NNLL(R=0.5)
] NLOM/2<t <2M)
== NLO(p™/2< p.r{zp‘,":‘")

E)

p.‘;."*“ [GeV]




actorization and NLO+NN
on the
tt + 0j process at hadron colliders

predictions

arXiv:1406.XXXX, DYS, Chong Sheng Li and Hai Tao Li



Theory / Data

Why tt + 0j ?

o(tt + 0j)/o(ttX)

ATLAS
Ldt=2.05fb"

veto region: |y| < 2,1

— MC@NLO

e Data + stat. — PowHec+HerwiG

POWHEG+PYTHIA
Syst. + stat. === SHERPA

=== ALPGEN+HERWIG

150 200 250 300
Q, [GeV]

Eur. Phys. J. C72 (2012) 2043]

Test pQCD at top quark
scale

Constrain modeling
uncertainties in Monte
Carlo generator

Enhance New Physics
signals
— Sung, Phys. Rev. D 80, 094020 (2009).
— S. Ask et al., JHEP,1201, 018 (2012).



Difference with HV + 0j process




Factorization for tt + 0j at hadron colliders

NiN,-ttX

o 1 d‘p3 dp4 A
0 = S 2n )2, (2 32E4Z /d

M (x)) = (t tX|Hopp(x)]| NyNo)




Factorization in SCET+HQET

T” M(z)|M(0) =Y / dtydtydt) dthe P3P = () [U"‘trn] [tt) (¢t {U"(D)} 07

mm’

X "".\/"'tv[tnl:f-’]"t o _Hj {ph I, }\:\- 1‘ "Ll.r-‘ld_‘ r + x 1 + tl” ”41 '?':.,LIJ_Ctlﬁ':HP‘Fl ::I
X :- ,Jreg

X Mieto (DT o R, { Pn N2 | Asig 1 (27 + 21 + t51) | X o) (Xo| Any 1 (ton) | N2) Anti-
Xn.reg

Collinear

X Mieto(D352, R, {p.}) (CL (1, 15)] (0/0°T (1) X,) (X,|0%(0)[0) |G (t1.2) )




Yoli Functlon in HQET

In HQET top quark
fields are labeled by
their velocity:

p ~m: v+ Kk,

k is the soft mode.

vi-vj

5(29 etO) dek(L) 5(]{2) 9(pveto kT)
k+ Vi k Uj -k



Leading Singular Terms

" Tevatron (VS =196 TeV)
2 . NLO with MCFM
leading singular terms w. soft function

--------- leading singular terms w.o. soft function

1
PyelGeV]

" LHC (fS=14TeV)

o NLO with MCFM
leading singular terms w. soft function
--------- leading singular terms w-.o. soft function

1
pye(GeV]
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NNLL+NLO v.s. POWHRG+PYTHIA

Tevtron |$=1.96 TeV
NNLL + NLO
POWHEG + PYTHIA (Antik)

400 420 440 460 430 500
M [GeV]

do(p''’)/dM [pb/GeV]

LHC |$=7 TeV
NNLL +NLO
| POWHEG + PYTHIA (Anti-k))

p;m=3 0GeV, R=0.4

340 360 380 400 420 440 460 480 500
M [GeV]




» We derive the factorization expressions and study the
resummation effects for the HVV + 0j process at the LHC. Our
results can help to precisely study the physical property of the
SM Higgs boson through HV production at the LHC in the
future;

» We propose a soft function to describe the jet vetoed soft
radiation from massive color states and develop a framework
to calculate the resummation effects for tt + 0j process at
hadron colliders based on SCET and HQET.



Thank You!!!



Backup Slides



Beam Function

veto L d i
Byn(CPE ) = Y f O Teso %, 1) fyn (20 10)
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o ~ 0y ®B" _y, Cuprm) ® B" zen, Cpr7% 1) ® S(pr°™, 1)

1. Scale independent:

art [ ] QZ-I— H =0 = dB F(Q)B ds F(Q)S
dinu cusp 1 e e dinu din u Q)B or din u ¢

2. Extra divergence: Hard Scale!

When matching B~ f &1 ,
traditional dimensional regularization is not enough!



Factorization in SCET

dz ’ _
—Zqei(z,p7 s 1) fiyn (C/ 2, 1),

veto veto
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Resummed Cross Section with
different jet radius R
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How to resum In(p¥¢*°/Q)?

The measurement restricting the Beam Function: Stewart, et.al. , 2010
hadronic final state introduces a

new scale p%¢t° « Q. Below p¥¢t°, the initial-state evolution
is described by the usual PDF
evolution which changes x, while
above p¥€t° it is governed by a
different renormalization group
evolution that sums double logarithms

of p%€t°/Q and leaves x fixed.

Protonscale u ~ pr




