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Qutline
o High precision measurements: Higgs
discovery

o Theoretical tools: Phenomenology

o Loop-Tree Duality: Ideas & d@.vetopmemés



Higgs production
CLHC

o Higgs discovery has been achieved with a
high precision due to theoretical and
experimental advantages

o Roth groups have downe such a hard worlke
that in ‘.“)u,i.j 4th 2012, the Ssigma
cii;s&over:j was anhounced ot CERN

o How was the path of the Higgs discovery ?



Long ago...

o Colliders have been searching for all
fundamental particles since long ago,
and the Higqgs particle (Ehe only scalar
in the SM) was the most difficult one
to find.

o The first issue is that the pradu&&iam of
the Higgs ab colliders is dominated by
gluon densities.



Parkton Diskribubion
Funckions

Q% = 10 GeV?

o Protons are made of gquarks and gluons
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Higqs d&sc:overv

o Higgs has so many different channels to
c&@.ta\:?, once ik is produted

o Owne has ko be able to separate all
contributions from each individual
channel, Le. distinguish all signatures in
the wmost accurate way

o A Mownke Carlo simulation is needed in
order ko provid@. the diskributions which
are the smoking quin of the Higqs particle



o Tevatron and the LHC discarded the Higgs th a very
wide range except around 122 - 12% GeV

o The only region available was the most complicated
one, where all decay channels have to be
controlled with very high precision
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Decay modes of

Branching ratios

Higqs

LHC HIGGS XS WG 2010

One needs bo amabjs&
all channels in order
to confirm that the
Far&d& ts the one
predicted bv the SM or
to claim new F@hjsi,cs

Everv&l«iv\g have ko be
ex&remei.v precise in
the measurement
(axperimem&auj) and
i the eredw&iom
(Ehe.ore&t:auv)



Why so ﬂomptmaﬁed?

o Lets comsider only Higgs production

o The lowest order in pRCD involves a
triangle diagram (so called, gluon fusion):

Divergences appear
due to all possible
confiqurations of
the loop
nmomentum




o But LO is not reliable due ko running of the
strong coupling at LHC energies, so, it is crucial
to know the NLO or NNLO theoretical resulks
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order of
maghitude which
dominates the
order of
magnitude of the
cross section




Bub, what does ik means phenomenologically
NLO or NNLO?

The cross seckion in PQCD can be expresseci
ab certain accuracy as,

Where the sum is finite after the complete
sum

As an example, let’s work in the EFT
framework, Le.




@ ampi&&ud@. level

SRR

| RR-correction | VR-correction

R 1




o The tokal cross section will be thewn,

o Bub, divergences appears everywhere



o Moreover, the complete understanding of
physics has to achieved in all senses

o LG, NLO and NNLO could sometimes explain
the misunderstanding of some distributions
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o NNLO calculations are important for
the LHC now and for the next run

virtual
—— NNLO MSTW 08 &

4000 ~ &orret&mms
o(fb/bin) could have an
3000 enoTnowus
0™ o0 120 140 160 EMFO\@& (@17 Eh@.

thsECS@LHC

High precision
imptées new
ﬁevnmam
diagrams to be
considered




Kenaries

o Several studies are being performed in
order to control properly the divergences.

o Collider phenomenology requires Monte
Carlo sinmulations which prcvid@_s not only
the total cross section aaaura&etj, BUT the
distributions of some observables.

o Distributions are made taking into
account the experimental cuts, and also
the experimental confiqurations.



VIRTUAL
CORKE




o The main prabi.em s to control the
divergencies which appears in the
computation of the cross section

o Experimentally, divergences never
appear, thus, &hear@.&tauj &kev cannok
exist n any computation

o In this kalk, we focus on a mebthod
which meties tree level ampt&udes
wikh i.oc:z»[a level ones

o Loop level ampu%udes can be classified
bv iks topologies
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Bubbles Triangles pgoxes Pemtagons

o In all of them, there is a loop momentum running freely’

o All configurations are possible for it, from zero to
infinity, always respecting the momentum energy
conservakion, BUT still, ik is free

o At the end, all these diagrams represents an integral over
all these possible configurations.



o l-loop integrals have been computed using
conventional dimensional reqularisation (CDR),
for massless case and for certain massive cases

o For instance, in the most general case, it is
kihowin that i CDR that:




o The solution for the massless case is

) o

o More accurake measurements reqmre nawlki—
loops and mulki-legs; te. we need a better
way ko tc:;m[pu&e ﬁevmmam ciiagrams



o How do we &Qmpu.%@. eas&t:j at wore Ehawn
one LOQFQ ¢

o Two Loops

o Three Laops

6 L N



The Lc;a»cwpmﬁr@.e
du,od.i;&v



idea

o The purpose ts ko have a Frescrip&cm ko any virtual correcktion

o Let’s start from the most general 1-loop diagram with

massless par&d&s i the Laop




ﬁuat&v @ 1*100[@

where /elz/

and the F‘i“ejnman propgo&r




o The duat&&v relabion is achieved when the sstem

is integrated over the advanced propagator

o In this system, all poles are located in one half

of the plane and the Cauchy Residues Theorem
holds

o The advanced propagator is defined as,

o Poles U the complex 9q -plane are Located in,

Gu(q)

>

>




o Using the identity

o we comn relake bhe F‘r‘“jjmmom and kthe
Advanced propago&ors bj

o And then
N
quN)(plap27 " 7pN) — /q/dCIO HGA(QZ)
1=1

il N
://C dQOHGA(Qi):—Qﬂ'i/ ZReS{Im 10<0} HGA(%) —0

1=1



defining

~

0(qi) = 2mi0(qi,0)0(q; —m;)
and a ffu%uremi.iwe_ vector,

— (770777)7 1o Z 07772 — 77,UJ77'u 2 0



3 ﬁ&agrama&i&&ttv, Lt meains,




Duality € 2-looyp
o The most general Feynman diagram has the form

@ There is a mixing
bebween khe Laop
momentum Lq and LZ

o Ihﬁegrai.s over Loop
momentum malees bhe
visualisakion harder




o Mowmenta of internal Lines are denoted bv

b1+ p1 ,1 € o

= Yo+ Dpii—1 1 € Qo
b1+l +pii—1 1€ Qs

o and &@. Ekre parameﬁers,

ar =4{0,1,...,7r}, aw={r+1,r+2,---,1},
az={l+1,14+2,--- ,N}.

o Now, the integral has the form

L(Q)(pl p27°°°7pN / / GF (XlUOéQUOKS)
£




o Applying the duality to the first Loop, ie.
cutting X1 and g

L(Z)(p17p27°°'7pN / / GD O51UCV3)GF
41

o

o Using the relation

ohe ends, after some rearrangement

L(Q)(p17p27 v e 7pN)

:/E | {=Gp(1)Gr(a2)Gplas) +Gp(@)Gp(azUaz) + Gnlas)Gn(~ar Uas)

Dual representation of two-loop scalar integral as a
function of double cub inteqrals only



The s&mgtes& case

o The bubble is the simyi.es one Lc:»c;}p calculation
i which ik is Fossibi.e to bkest Ehe du&ti&j




Are we done ?

The method has been used so far in order
to check singularities

One would Like ko have a recursion method
in order to go to whatever precision heeded

The «:ompu&&&on Ls ot compi&&ec& due to
dual propaga&or still needs one integration
to be performed

The remaining integral has the advantage
that is along the light-cone coordinates



o Along this path, UV singularities are cancelled
while the IR has ko be cancelled with the real
evmiLsSsLon

o However, it has been implemented in scalar loops

o Back to Fekjsws:

The sLm[yt@. C2C2~ Y-
not a scalar integral
but a kensor one

ik is pc:;ssi;bi.e to use
the old IRP be:ja-nd
1 loop, even if the

Fvl«ase space LS
reduced ?




Conclusions



In this tall, it has been presented the basic
ideas of the loop-tree duality method

The final qoal is to provide a method i
order to qo to higher and higher in
precision

Virtual corrections can be &ompuﬁed i Ehe
loop-tree du&LLEj, in principle to all orders

Difficulties appear when the method is
extended to tensor integrals

Tensor integrals are being studied in the
most simple but relevant channel for the
Higqs disaovarv, the GGF






