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Pair-production of heavy particles at hadron colliders

pi(r) +p(r) = HRHR)+X HH=tq0, ..

Partonic cross section for pair-production of heavy particles at hadron colliders contains te
kinematically enhanced in thgartonic threshold regiosi~ 4n?, m= (my + my,)/2.

@ Coulomb singularities: ~ ag/8", 3 = /1 — 4m?/5 < Coulomb interactions of
slowly-moving particles

@ Threshold logarithms: ~ af In* 52 < soft-gluon exchange

Small coupling but effectively “non-perturbative” dynamiesMust be resummed to all orders
when the partonic threshold region dominates the total cross section!

@ Absolute normalisation of the total cross section

@ Generally observed to reduce factorisation-scale dependence
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Moment-space VS Momentum-space resummation

The theoretical basis for resummation is faetorisationof hard and soft dynamics in the
threshold regioifmore generally fo? ~ &, even ifQ? £ 4rF)

c=H®S

@ Resummation traditionally performed Mellin-moment space

H®S=H(N)S(N) olln®g= alln”N

@ Threshold logs exponentiated by solviegplution equationfor H(N) andS(N).

@ Requiresnumerical inversiorof the Mellin transform and prescription to deal with
Landau poleén the integrand
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H®S=H(N)S(N) alln® 3= alln™N

@ Threshold logs exponentiated by solviegplution equationfor H(N) andS(N).

@ Requiresnumerical inversiorof the Mellin transform and prescription to deal with
Landau poleén the integrand

In this talk : apply formalism proposed byikubert and Becher ‘ddo resummation of the
total cross sectiofor pip; — HH' + X.

@ Based on effective-field theory description of the proc&SET+NRQCD)
@ Threshold resummation performed directlynmomentum space
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Cross-section factorisation near

Extra factorisatiorof the cross section near threie partonic threshold~ (my + my/)?

0 N . a (4, (/z’ i")x
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. ® @ 23Npp/ Y
N /
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@ Hard coefficientsc’()f;,’i) encoding the short-distance structure of the production proces

@ Process-independent soft functle‘;‘ (expectation value afoft Wilson line3

« [ 92 o
W (w0, 10) = Py e (] [ 52 2OTIS] iy, S, Sk S b ) TS sy S (910

@ Potential function]éf;l/) encoding Coulomb interactions

Contrary to the conventional approach there s&aof soft functionS/\l”R,“ !
(corresponding tirreducible representatioms R@ R = 3~ Ra)
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Resummation of threshold logarithms

Factorisation-scale independence of the total cross section translategdhttion equation
for the soft function\;

_d4
dinp

W) = = [T (25)  [rawt e+ wh L,
0 [K]

w—w

— R W (w, ) — WR (w, p)vs

@ I'r, controls resummation of double logs:™> resums single logs.

@ WRe is matrix in colour spaces> in general mixing of different colour structures.
With suitable choice of colour basisin be diagonalised to all ordersds (at least for
cases of phenomenological interest at Tevatron/LtdGquarks, gluinos, eta)..
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Resummed expressions £ and

@ Threshold logarithms are resummed by renormalisifity at asoft scaleus and
evolving it to thecommon factorisation scaje

Wi (W, i) = exp[—4ST (us, 1) + 2877 (pis, 1))

2n —2
~Ra w 9(&)) e &N
XS (8ﬁ7 N’S) (MS) w F(Zﬁ)

s must be chosen such that the fixed-order perturbative expansions &8> (w, yus)
is well behaved.
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Resummed expressions £ a

@ Threshold logarithms are resummed by renormalisifity at asoft scaleus and
evolving it to thecommon factorisation scaje

Wi (W, i) = exp[—4ST (us, 1) + 2877 (pis, 1))

2n —2
~Ra w 9(&)) e &N
XS (8ﬁ7 /1’5) (MS) w F(Zﬁ)

s must be chosen such that the fixed-order perturbative expansions &8> (w, yus)
is well behaved.

@ Resummation of Coulomb corrections is well known from gquarkonia physics.
Jéi’l ) related tazero-distance Green functiarf —V?/(2Med) — as(—Cr,, ) /1:

% _ (2med)® __E ey [1 [ 8meE
WOE) T M~ g as(=Ca) | 310 (-5

,%HEw(l* 2;%)}}
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Squark-antisquark production at the LHC

In the rest of this talk:

PP — g+ X

PerformNLL resummation of soft-gluon corrections + Coulomb singularities

@ Two-loop cusp anomalous dimensibrand QCDg-function
@ One-loop soft anomalous dimensigh
@ Tree-level fixed-order soft functiorwi‘f,“

The effective-theory resummed cross sectiom&ched onto the full NLO resulterwas et al., '9f

~ match

o5 (8, pr) = [Gpg (8 1) — G- (8, ) Ino] + Gy (5, pur)

Full NLO result computed using fitted scaling functions providedibys§neid, Moch, '0p
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NLL corrections tagjg production [PRELIMINARY]
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NLL correction

g production [PRELIMINARY]
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Factorisation-scale dependence

Resummation of threshold logarithms sensit@dgiuces the factorisation-scale dependeice
the cross section

mg = 500 GeV my; = 1 TeV
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Green band obtained by varying/2 < us < 2fis
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Conclusions and Outlook

@ Momentum-space resummation based on effective-theory framework works well anc
in good agreementith analogous results in moment space

@ For squark-antisquark production resummation effects beyond NLO amo8rt D%
in the range @ — 2 TeV

@ Even for small squark masses resummaticamatically improves factorisation-scale
dependencef the cross section

@ Formalism can be applied trbitrary final stategsquark-squark, squark-gluino,
gluino-gluino, etc...)
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The formalism

Near threshold{ < 1) partonic cross section receives contributions fioand(k? ~ m?) and
long-distancék? < m?52%) dynamical modes:

- collinear:k_ ~ m ki ~ m32,k, ~m3
Long-distance modes - potential : ky ~ m32, [K| ~ m3 (< Coulomb singularities
- soft: ko ~ |K| ~ mg32

The full MSSM is matched on agffective Lagrangiafrom which hard modes are removed.

Lussm — Lscer + Lenraco
@ Lscet. describes interactions of coIIinee{ia(At) and soft As) modes
Le = & (In D+'DLc 'DLc) %é’c* %tr(F‘WF‘w)
@ Lpnrocp: contains interactions of potentian(w', Ap) and soft As) modes

t (0, & It Firg\
LpNRQeD = %' | iDs +E+7 P+ +E+ 2 P

+ [ [T T®%] ) (%) [w’*T“* 2y ](x)
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Structure of EFT amplitudes and soft-gluon decoupling

Agay (PP — HH'X) chg} C(Z (4, ) <Ha3Hé4X|O;§?,{b} (0)|pay P,

@ Tower ofhard coefficientgncoding the short-distance structure of the pair-production

process
© O 1oy ~ Bobsbeby Y, U, With G = {Wekc, Ac}.

@ Matrix element evaluated using the EFT Lagrangiarsoft gluonsinteracting with
everything andCoulomb interactionbetween the two heavy particles

At leading order in PNRQCD soft gluons can be removed from the effective Lagrangian vi
field redefinition involvingsoft Wilson lines
be(X) " (x ) & (x )
v(x) = SV (X
sV(in-D)§" = in- DC
sP1(iDg)S” i0°

I
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Colour structure of the factorised cross section

After soft-gluon decoupling:

> Soclcl [ v 3O E - ) W @)

o (S’M ZSNPPI i,i”,0,0/ Ry

@ Hard coefficienti:’g'p’,i) is decomposed on a basisauflour operatorsgg}

@ Potential functiorﬂ,gi’e,) is projected oveirreducible representatiors the final state:
RoOR =3 Ra

@ W2 is given by aset of matricesicting on the vector space spannecbféy

o [ 9% g
Wee () = P{k}c?;} ({'b; / &R0/ 2 (O[TIS] iy, S 1o, S ks S5 k3] ()

T[Sh,a0iSh,ai %, kag %, k2a4] (0)[0)
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All-order colour structure oV for 3 ® 3

Consider pair production of particle-antiparticle in foedamental representatigex. tt, §)

33=138
Projectors on the irreducible representations: P{k} = C6k1k25k3k4 P?k} = ZTleTQkA
@ Quark-antiquark channel: gq — H®@H®

@ 2

1
C({i\)} = WC53132533% Cray = \/ﬁTaAzalT%&
Wi (zp) = diag(Wov,0)
Wiz = diag(0. s OIS TSI TSI T810]0) )
=

- WS (2 p) o T[T = 0
- Wov = 1 (O TIT[Si S (2) T[SIS1](0) 0).

- Conventional soft functioVi, = >~ WR* = diag(Woy, W5,)
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All-order colour structure oV for 3@ 3

@ Gluon-gluon channel:gg — H®H®

1 1 2 1 A A 3 2 A 1A
Cla) = Nopyomtmn O = appe Do T Cla = \/ fop, o T
Wz ) = dag Y., 0)
Wiz = diag(0. g5 (OTTISIDSASIATIS S DS I0]0),
1 = 8).t
oo, OTTISFS S| @ TISIS & F s (0

Vvii’(27 lu) = dlag (WDY7 W§27Wg3)

@ At threshold soft function for; +r; — R+ R is reduced to sum of soft functions for
li+r — Ry, WhereR® R = > Ra

@ Conventional soft functioVy, = 3" V\/”R,@ for tt/gq at threshold is diagonal to all order
in as in the same colour basis that diagonalises the one-loop soft function
(Extends recent results for the two-loop massive soft anomalous dimension in the

threshold limit [\/Iitov etal.’09; Neubert et al. '0]9)
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Soft-scale d

Resummation introducectra scalg.s = How does the resummed result dependgh

6U'S/O'NLO
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In the traditional Mellin-space resummation this is not visible (soft scale implicitly set to
ps = 2mg/N)
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