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H® MSSM: minimal content of SUSY particles + R—parity conservation

® At the LHC dominant sparticle production channels involve squarks (¢) and
gluinos (g) in the final state (g, Gg, Gg, gg pairs)
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® Production cross sections large = “easy” SUSY discovery
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® Total cross sections: useful for mass determination in case of discovery /
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® Total cross sections: useful for mass determination in case of discovery /
crucial for exclusion limits

=
o

[pb]

NLQ Cross Section
Q

102

CDF Run Il Preliminary L=2.0fb™

| Theoretical uncertainties not included

in the calculation of the limit

—e— NLO: PROSPINO CTEQ6.1M
syst. uncert. (PDF O Ren.)

—— observed limit 95% C.L.

--<-- expected limit 95% C.L.

M. = M.

g

q

250 300 350

Mé [GeV/cz]

400

450

MSUGRA with Ag =0, sgn(p) = —1,tan3 =05

A. Kulesza, Resummation for SUSY particle production at the LHC — p. 2/19




® Total cross sections: useful for mass determination in case of discovery /
crucial for exclusion limits
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® |mportant to know total cross sections with high precision
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O(a?) diagrams:
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® Higher-order corrections to O(a2) processes
® NLO SUSY-QCD corrections — O(a?)
#® dominant NNLO contributions (NNLL-NNLO, Coulomb, scale dependence)
— O(ag)
® EW corrections — O(aZa)
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® Higher-order corrections to O(a2) processes
® NLO SUSY-QCD corrections — O(a?)
#® dominant NNLO contributions (NNLL-NNLO, Coulomb, scale dependence)
— O(ag)
® EW corrections — O(aZa)

® Tree-level EW effects
o QCD-EW interference and photon-induced contributions — O(aas)

® Tree-level EW — O(a?)
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= Increase of the cross sections due to NLO SUSY-QCD corrections
Note: assume all squarks (¢r,Gr) mass degenerate; no final state stops =
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® — 100 % correction to 055 at mz = 1 TeV
— 40% correction to o455 at mg = 1 TeV
— 30% (~ 20%) correction to o5z (0gq) at mg = 1 TeV
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® — 100 % correction to 055 at mz = 1 TeV
— 40% correction to o455 at mg = 1 TeV
— 30% (~ 20%) correction to o5z (0gq) at mg = 1 TeV

® Large masses of squarks and gluons
= often production close to threshold § ~ 4m? (m =
= real emission forced to be predominantly soft

mg+tmg

5 for qg production)
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® — 100 % correction to 055 at mz = 1 TeV
— 40% correction to o455 at mg = 1 TeV
— 30% (~ 20%) correction to o5z (0gq) at mg = 1 TeV

® Large masses of squarks and gluons
= often production close to threshold § ~ 4m? (m =
= real emission forced to be predominantly soft

5 for qg production)

® Terms with powers of log ( — %) in the expressions for cross sections

— the closer to threshold the more important the logarithmic terms
— expect large contributions from soft gluon radiation
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— 100 % correction to o5 at mg = 1 TeV
— 40% correction to o455 at mg = 1 TeV
— 30% (~ 20%) correction to o5z (0gq) at mg = 1 TeV

Large masses of squarks and gluons
= often production close to threshold § ~ 4m? (m =
= real emission forced to be predominantly soft

5 for qg production)

Terms with powers of log ( — %) in the expressions for cross sections

— the closer to threshold the more important the logarithmic terms
— expect large contributions from soft gluon radiation

Additionally, more radiation from particles with higher colour charge
— ¢g production the most affected
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® Seen already at NLO: at threshold

R N 3 29 3 11
PRCTR 47T048059(L§§{ 92 log™(86° )—4—10g(85 )—2—log(86 ) log (nﬁ;>+166}
with 62 — gg—>gg ~ élagﬂ%
g
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® Seen already at NLO: at threshold

. N 3 29 3 11
O-IQ\IQL—?QQ 47TasaLgO—>g§{ o2 log” (83" )_—4 log(83” )—2—10g(86 ) log (%) +E 5}
g
27 2
gg—>gg ~ 64 O‘SW%

® Two types of effects:
# Soft gluon emission — log?(3°), log(3°)

#® Exchange of long-range Coulomb gluons between the slowly moving
massive particles — 1/3

A. Kulesza, Resummation for SUSY particle production at the LHC — p. 7/19



® Seen already at NLO: at threshold

. N 3 29 3 11
O-IQ\IQL—?QQ 47TasaLgO—>g§{ o2 log” (83" )_—4 log(83” )—2—10g(86 ) log (%) +E 5}
g
27 2
gg—>gg ~ 64 O‘SW%

® Two types of effects:
# Soft gluon emission — log?(3°), log(3°)
#® Exchange of long-range Coulomb gluons between the slowly moving
massive particles — 1/3

® At n-th order in a5 (wrt LO) soft gluon contributions of the form
al log™ (%), m < 2n
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® Seen already at NLO: at threshold

- . 3 29 3 11
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® Two types of effects:
# Soft gluon emission — log?(3°), log(3°)
#® Exchange of long-range Coulomb gluons between the slowly moving
massive particles — 1/3

® At n-th order in a5 (wrt LO) soft gluon contributions of the form
al log™ (%), m < 2n

[In the limit of 3 — 0 convergence of fixed-order expansion spoiled]
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Resummation of threshold logarithms is carried out in the Mellin moment space,
where the cross section factorizes:

N N+1 N+1 2
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g(N) :/ dz 2V 1 9(2)
0

log(1 — 2z) «— log(N)
The logarithmic terms exponentiate

&) = A(()N)Cexp(S)
(C contains finite contributions)

S = Lfi(as L)+ fa(as L) + asfs(as L) + ... L =log(N)
LL NLL NNLL
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Colour-singlet production: Drell-Yan, Higgs, ...

e

‘:

Up to NLL:
VN NS
11 11 1 J
N—— N ~~ o
hard function soft-collinear radiation

universal factors; KNOWN
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2 — 2 with colour flow

Up to NLL:
(N)  _ rp(N) .
Okl — 5 Sk X Sij—kl,JI
hard function soft-collinear radiation soft wide-angle emission
universal factors; KNOWN process-dependent
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2 — 2 with colour flow

Up to NLL:
(N)  _ rp(N) .
Okl — 5 Sk X Sij—kl,JI
hard function soft-collinear radiation soft wide-angle emission
universal factors; KNOWN process-dependent

Factorization = RGE

0 1, N
(ua T ﬁ(g)a—g> SN — Pt S(N) e — S(N),,TLs

Soft anomalous dimension I =—4 %Rese_)()ZLK(g, €)
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» Massless 2 — 2 QCD processes: anomalous dimensions known at 1-loop (NLL)
and 2-loop (NNLL)

® Massive case: anomalous dimension known for heavy quark Q) production at 1-loop
(NLL) and at 2-loop (NNLL)
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» Massless 2 — 2 QCD processes: anomalous dimensions known at 1-loop (NLL)
and 2-loop (NNLL)

® Massive case: anomalous dimension known for heavy quark Q) production at 1-loop
(NLL) and at 2-loop (NNLL)

® Here, 1-loop anomalous dimensions for pair-production of massive particles with 3 ® 3,
3®3,3®8and 8 ® 8 colour structures in the final states
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Massless 2 — 2 QCD processes: anomalous dimensions known at 1-loop (NLL)
and 2-loop (NNLL)

Massive case: anomalous dimension known for heavy quark Q@ production at 1-loop
(NLL) and at 2-loop (NNLL)

Here, 1-loop anomalous dimensions for pair-production of massive particles with 3 ® 3,
3®3,3®8and 8 ® 8 colour structures in the final states

>< ! >< .

» ® 1-loop integrals I; in the eikonal
approximation
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#® only need to know coefficients of the
', 1/e UV poles of the I; integrals
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® In orthogonal basis in colour space for which I'*7 —%! js diagonal

~(N) ~(N) ~ . i J (N+1)
Tij—kl = Zgo,ij—ﬂfl,l Cij—ki,1 B(n+1) A(N—l—l) DG ij ki

1

— I corresponds to different colour channels
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® In orthogonal basis in colour space for which I'*7 —%! js diagonal

~(N) ~(N) ~ . i J (N+1)
Tij—kl = Zgo,ij—ﬂfl,l Cij—ki,1 B(n+1) A(N—l—l) DG ij ki

1

— I corresponds to different colour channels

® Radiative factor for soft non-collinear emission

AN+ PN 2 2
S,ij—ki, I — €XP . dz Dijpr,1(as((1 —2)7Q%))

1—2z2

related to I'" by

Di;_ k1,1 = 2Re(A1) for T~k = diag(\q,...)
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® In orthogonal basis in colour space for which I'*7 —%! js diagonal

~

~(N) ~(N) . i J (N+1)
Tij—kl = Zgo,ij—ﬂfl,l Cij—ki,1 B(n+1) A(N—l—l) DG ij ki
I

— I corresponds to different colour channels

® Radiative factor for soft non-collinear emission

AN+ PN 2 2
S,ij—ki, I — €XP . dz 1> Dijpr,1(as((1 —2)7Q%))

related to I'" by
Di;_ k1,1 = 2Re(A1) for T~k = diag(\q,...)

® In the threshold limit § — 4m?2, T —Fl matrices for the s-channel colour bases become
diagonal
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® In orthogonal basis in colour space for which I'*7 —%! js diagonal

~(N) ~(N) ~ . i J (N+1)
Tij—kl = Zgo,ij—ﬂfl,l Cij—ki,1 B(n+1) A(N—l—l) DG ij ki

1

— I corresponds to different colour channels

® Radiative factor for soft non-collinear emission

(N+1)  _ PN 2 2
Ag i ki1 = €XD dz Dijpr,1(as((1 —2)7Q%))
0

11—z
related to I'" by
Di;_ k1,1 = 2Re(A1) for T~k = diag(\q,...)

® In the threshold limit § — 4m?2, T —Fl matrices for the s-channel colour bases become
diagonal

~ (N 1 ~ . .
® In general need to know &) , ph , C;._, 1.1 coefficients in each colour channel
0,15—kl 1] —kl J
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2

® D) _coefficients for the full set of ¢ and § production processes

(D' -} =1{0,-3} I={1,8}
o)} =1{0,-3} I={1,8)
(DY .}y =1{0,-3,-3} T={1,85,84)}
C) 513 =1{0,-3,-3,-6,-8,-3,-3,—6} I={1,8g,84,10® 10,27,8\1,8m2, 10x}
(D' ..} =1{-4/3,-10/3} I ={3,6}
(D) .o 1} ={-4/3,-10/3,-16/3} I=1{3,6,15)
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® D) _coefficients for the full set of ¢ and § production processes

(D' -} =1{0,-3} I={1,8}
o)} =1{0,-3} I={1,8}
D'V .} ={0,-3,-3} I={1,8s,8a}
{D Sngg }=1{0,-3,-3,-6,-8;,-3,-3,—6} I={1,85,8a,10® 10,27, 8\11,8m2,100\}
(D' ..} =1{-4/3,-10/3} I ={3,6}
(D) .o 1} ={-4/3,-10/3,-16/3} I=1{3,6,15)

$» Values of the quadratic Casimir operators for the SU(3) representations for the outgoing
state — soft gluon radiation from the total colour charge of the heavy-particle pair
produced at threshold
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NLL resummed expression has to be matched with the full NLO result

(match) L —N (N+1) (N+1)
Aot ) = Y [T I ) N

i,j=q,q,9 Y OMP —i00

~ (res ~ (res 2 2
X [ O-z(j—}kl,N( {M }) — z(g_>)kl n(m™ {n"})

NLO i|

+ O-}llehOQ—)kl (p, m?, {MQ}) ;
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NLL resummed expression has to be matched with the full NLO result

(match) L —N (N+1) (N+1)
Aot ) = Y [T I ) N

i,j=q,q,9 Y OMP —i00 27”

~ (res ~ (res 2 2
X [ O-z(j—}kl,N( {M }) — z(j—>)kl n(m™ {n"})

NLO i|

+ O-]’llehOQ—)kl (p, m?, {NQ}) ;

® |nverse Mellin transform evaluated using a contour in the complex IV space
according to 'Minimal Prescription’

® NLO cross sections evaluated with publicly available code PROSPINO
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Expanded NLL-resummed cross section up to O(a3) vs. NLO

o(NLL exp.) / a(NLO)
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ot /5t59) in each colour channel I

quark 1 —— 1 gluon 1
0.2 quark 8 ———~- glluonzg -———- 0.2 quark 8 —=—--
gluon 27 -----

quark 1 —— gluon 1
gluon8 —---

0 0 0 0
02 05 1 15 2 02 05 1 15 2 02 05 1 15 2 02 05 1 15 2
Mg [TeV] mgy [TeV] Mg [TeV] Mg [TeV]

quark channel gluon channel quark channel gluon channel
preliminary
® Larger soft-gluon correction for higher s-channel colour representations

® Gluon initial-state channels receive bigger enhancement than quark channels
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® |f SUSY realized in Nature, ¢ and g production processes will be among the
most dominant mechanisms of sparticle production at the LHC
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® |f SUSY realized in Nature, ¢ and g production processes will be among the
most dominant mechanisms of sparticle production at the LHC

® NLL resummed (matched with NLO) predictions for total cross sections:
corrections due to soft gluon emissions above NLO
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® |f SUSY realized in Nature, ¢ and g production processes will be among the
most dominant mechanisms of sparticle production at the LHC

® NLL resummed (matched with NLO) predictions for total cross sections:
corrections due to soft gluon emissions above NLO
#® Anomalous dimensions for all pair-production processes of massive

coloured sparticles
& confirm physical picture: at threshold soft gluon radiation from the total

charge of the heavy-particle pair
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® |f SUSY realized in Nature, ¢ and g production processes will be among the
most dominant mechanisms of sparticle production at the LHC

® NLL resummed (matched with NLO) predictions for total cross sections:
corrections due to soft gluon emissions above NLO
#® Anomalous dimensions for all pair-production processes of massive

coloured sparticles
& confirm physical picture: at threshold soft gluon radiation from the total

charge of the heavy-particle pair
# Corrections due to NLL resummation highest for gg production
& O(10%) correction for at 1 TeV S mz S 2TeV
& reduction of sensitivity to scale choices: factor of ~ 3(2) for at
mg ~ 2 (1) TeV
# Soft gluon effects moderate for squark production processes
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