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SUSY R, violating model

The possible R-parity violating (R,) terms in the superpotential
is given by
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In terms of the component fields

Ly = X dirviLdi + drdiin + (vi)°dudig
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Theoretical Uncertainties

@ Theoretical uncertainties can be reduced by doing the
higher order radiative corrections

@ The dominant source of theoretical uncertainties are from
the strong interaction physics (QCD)

@ Doing the QCD corrections one can reduce the theoretical
uncertainties coming from strong interaction physics

@ Also the scale uncertainties reduced
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Inclusive Hadronic Cross section

The inclusive hadronic cross section for the reaction
Hy(P1) + Hao(P2) — ¢(ps) + X

is given by

X2 ax: ax:
th?)t MR Z / el / =2 fa X1 9 ,u%_—) fb(Xg, ;ﬁ_—
128 ab=g 4.0 /x; X2

T 2 2 2
XAab <X1X2a m¢nUF,HR>

m2
with T:g , S=(P1+P)y , pE=ng,
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RG evolution

The renormalisation group (RG) invariant with respect to both
the scales implies

do?
Mzﬁtgtzoa = HtF, 1R,

d 1,2
%d |:)\/ (M%)Aab (Xv mia M%? #%) ] =0.
Aab <Xa mia/"‘%?:u’%) Zas (X mqbv:qupJH)
Ug

ST 4q
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RG evolution equation

Two coupling constant as, \' are the renormalisation constants
to obtain the UV finite partonic coefficient functions, A .
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RG evolution equation

The bare coupling constant 2 is related to the renormalised
one, as(1:%) by the following relation

2\ 2
A A 1%
S€aS = 2(387,u2wu%’ E)aS(M%) (,Uz > .
R

where S¢ = exp(e/Z(WE —In 47r)>.
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RG evolution equation

The bare coupling constant as is related to the renormalised
one, as(1%) by the following relation

2\ 2
Seas = Z(&s, 1%, i, €)as(1) (52> :
R

where

le -
" N 2\ 2 2 A 2
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RG evolution equation

For the Yukawa coupling, \

865‘/ = Z)\'(ésv sz M,‘2?7 6))‘/(”%) (qu> 7

where
Z,\/(és,uz,,u%,e) = 14+ 4 (llﬁ:{) ’ Se [% (2 ’yO)}

2 ((2) (e -2om) o)

The anomalous dimensions ~; for i = 1, ..., 4 can be obtained
from the quark mass anomalous dimensions.
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RG evolution equation

d o~

2 T In as(/ﬁ?) = - Z afs(/i%) Bi-1,
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Figure 1: Subprocess ¢; + §; = ¢+ g.

Figure 1: Subpro

G+ — 0.

Figure 2: Subprocess ¢; +; — o

Figure 2: Subprocess ¢; + g = ¢ + q;.
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Figure 1: Subprocess ¢; + q; — ¢.
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Figure 2: s channel annihi
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Divergences present in any higher order corrections:

@ UV-divergence (k —> )
@ |R-divergence (k—> 0)

| IR-divergence |

@ collinear

(A — 0, X is the mass (BothA\,m — 0, m
of the gauge field ) is the mass of the
of the matter field )




Divergences present in any higher order corrections and
calculational technique

‘ UV + IR (soft + collinear)-divergences ‘

@ The form factor (two-loop) are evaluated using dispersion
technique

@ All the one loop tensorial integrals reduced to scalar
integrals using Passarino-Veltman method in 4 + ¢
dimension.

@ Two and three body phase space integrals are done by
choosing appropriate Lorentz frame

@ For algebraic manipulation, we use FORM.

@ We use the dimensional regularisation and MS-bar
scheme. We also assume all partons are massless.
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How to remove Singularities

@ The UV singularities go away after performing
renormalisation through the constants Z and Z,..

@ The soft singularities cancel among virtual and real
emission processes at every order in perturbation theory -
Bloch-Nordseick theorem

@ The remaining collinear singularities are renormalised
systematically using mass factorisation.
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Calculational technique
The resulting UV and soft finite partonic cross sections as

A 2 S . 2 2
Agp (X, m?bv/",‘?) = Waab@ (Xa m¢,,u,R) .
R
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Calculational technique

The collinear singular partonic cross section A, can be written
in terms of pair of singular transition functions I'cy(x, 12, €), and
finite partonic coefficient function A :

A dX1 O’Xg
it <x,m§,pf,§) = ) / /x/x1 X2

c,d=9,9,9
X rca(X1 ) N2F7 6) rdb(X27 ,LL%, 6)

X
X Acg <X1X2’ mfs, /J?—', M%) c
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Calculational technique
~ dX1 1 axo
A (x, m2, 2) — / / huia
ab b MR Z X1 Jap X

¢,d=q.,9,9
X rca(X1 P M%? 6) rdb(X27 M%u 6)

X 2 2 2
X Acd <X1X2’ m¢aMFaMH> :

rab X MFa Za (X 6)
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Calculational technique

In MS mass factorisation scheme, they are found to be
(suppressing the arguments x and ¢)

M = dad(1—x).
o _ _1p0

ab 6ab?

and

2) 1 ) - p(0) ©) . 1 pm
C
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How to remove the singularities

‘ UV + IR (soft + collinear)-divergences ‘
Renormalisation

‘ IR (soft + collinear)-divergences ‘
Virtual + real

‘ IR (collinear)-divergence ‘
KLN-theorem or Mass Factorisation
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Various checks

We checked our calculations in both analytic as well as
numerics.

@ Analytically, all the singularities (UV, IR and collinear)
cancel properly.
@ We have also checked our calculation with Harlander’s (et.

al.) paper NNLO calculation of Higgs bosons production
(bb — H, Phys.Rev.D68,013001).

@ We have also reproduced the numarical result of
Harlander’s paper.
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The solution to RGE for X' (%) is given by ,

C(as(1p))

N

N(pB) = X (15)

9)
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~—~~
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(@] )b}
~—
~—

with




procedure & Discussion

The C; are given by
Co =
C =

17 C1 = A17
1 1
E(A$+A2)7 Cs = 6(A:13+3A1A2+2A3)7

Ay = co, Aj=ci—bicy, A= — bici+ co(bf — by
Az = ©3— biCo+ ci(b? — bo) + co(byba — by (b — by) — bg),

~

Vi Vi
= -, b = —,
Bo " Bo
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The reference scale g = Mz
@ \(M3) =0.01
@ We have used MSTW2008 PDFs set.

@ as(M2) for LO,NLO,NNLO provided with the MSTW2008
PDFs set.
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sheutrino cross section
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charged slepton cross section
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charged slepton K-facto
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N3LO approximatio
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Summary and Conclusion

Summary and Conclusion

@ Discuss the procedure to do the QCD radiative corrections
to various machines

@ We have shown that the scale uncertainties reduced
significantly

@ Theoretical uncertainties coming from QCD reduced by the
radiative corrections

@ Many more radiative corrections we need specially for
LHC!
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Thant You!
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