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Soft and collinear gluon corrections

Incomplete cancellations of infrared divergences between virtual diagrams and real
diagrams with soft (low-energy) gluons

For the process p1 + p2 — p3 + pa

define s = (p1 + pz)z, t=(p1— p3)2, u=(p2— pg,)2 andsg =s+t+u— m% — mﬁ,

z = Q?%s
At threshold s4 — 0 (1P1) or z — 1 (PIM)

k 2 keq_
Soft corrections [h‘ (5544/M )} or [%}
_|_

k < 2n — 1 for the O(a?) corrections
Resum (exponentiate) these soft corrections

At NLL accuracy requires one-loop calculations in the eikonal approximation

Also purely collinear corrections In* (s4/M?) or In*(1 — z2)

N. Kidonakis, Cracow Epiphany Conference on LHC Physics, January 2008



Soft and collinear gluon corrections

The n-th order corrections in the partonic cross section

2n—1 k1 _ 2n—1
6—(")(2) — V(n) 5(1 Z) + Z S(”) lln (1 — Z):l i Z C(”) lnk(l . Z)
+ k=0

Near threshold soft corrections are dominant and provide excellent approximations to
the full cross section

Examples: top pair and single top production

jet, direct photon, or W production at high pt

In other cases purely collinear corrections also have to be included to get a good

approximation (e.g. Higgs production).
The hadronic cross section

o= Z/dxlde ¢f1/p(x1nu1:) ¢fz/ﬁ(x21VP) o(s t, U,UF, UR/, os)
f
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Resummed cross section

Resummation follows from factorization properties of the cross section
- performed in moment space

.
G (N) = exp [ZEff(Ni)} exp [ZE”‘]‘(N»] exp [22 / "Z’ m(Nnas(y))]

i i i Jwr

I V's
X exp ZZde/ p ,B(ocs(y))} H/i (as(pr))
wr M
VsIN; = V/sIN;
X exp /\/g GZl rtfifi (as(,u))] Sfifi (as (%)) exp [/\/E CZl l"f’f] (as(p))

where

ZEf’(N)— Zc/dz o {/(11_2)2 d;“sgs)+“5((1;2)zs)}+0(a§)

ZE’f](N]) — Z/ dz i_z {C]/( - QO&S (/\S) _B(l) Dés((l—Z)S) _C]“S((l;z) S) } +O(0€§)

1-z)2 A T J T

C; = Cr = (N2 —1)/(2N,), B{" = 3C¢/4 for quarks; C; = C4 = N, B{") = Bo/4 for gluons

I's is the soft anomalous dimension - a matrix in color space
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NNNLO expansions of resummed cross section

Invert back to momentum space and expand to arbitrary order

NLO soft and collinear gluon corrections

+ci6(1—=2)

1—z n

s _ (R {C3 lln(l_Z)
7T 1—2z

1
o |1

_|_
+c5In(1—2) + 5}

NNLO soft gluon corrections

20,2 304 _
&(2):1:3“5(#12){1‘:2 lln (1 Z)} —|—~o—|—%c_~,c§1n3(1—z)+---}
_I_

TG 23 1—z

NNNLO soft gluon corrections

3(,2 5041 _
o) =FB“S7(:;R) {%cg llnl(l_zz)} —I—..._|_§c§c§1n5(1—z)-|—...}
_I_
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Top quark production
Dominant process is pair production gq — tf and gg — tf

Very good agreement of theory (with soft-gluon corrections) with Tevatron
data

Recent evidence for single top production - cross section consistent with
theory

Opportunities for study of electroweak properties of the top

Top quark mass value lowered from ~ 175 GeV to ~ 170 GeV
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Single top quark production

Partonic processes at LO

S
S

q (7) q (q") q

W \ b
| 4%

&

b t q t g
(a) (b) (c)

(@) t channel: gb — g't and gb — §'t (ub — dt and db — iit, etc.)
(b) s channel: g3’ — bt (ud — bt, etc)

(c) associated tW production: bg — tW™
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One-loop eikonal vertex corrections to the soft function in the t and s channels

q (9) q (") q (9) q' (")
b t b -
q b q b
q t q t
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One-loop eikonal vertex corrections to the soft function in the tW channel
b b b
8 8 8
Top-quark eikonal self-energy one-loop corrections: (a) t channel; (b) s channel;
(c) associated tW production

q (7) q9' (@) 4

RS %M

()
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Single top production at the Tevatron - t channel

. 12 . 12
Singletop at Tevatron t-channel S =1.96TeV ~ p=m, Singletop at Tevatron t-channel S '=1.96TeV ~ p=m,
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Matched cross section (exact NLO + soft gluon corrections through NNNLO)

gt—channel (3, — 170 GeV) = 1171092 + 0.06 pb = 1.17 4 0.06 pb

scgle pgf
gtchannel (4 — 175 GeV) = 1.08700F & 0.06 pb = 1.08 + 0.06 pb
scgle pgf

Cross section for anti-top production is identical
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Single top production at the Tevatron - s channel

Singletop at Tevatron s-channel s2=1.96 Tev pH=m Singletop at Tevatron s-channel s"2=1.96 Tev pH=m

t t
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F ——- NLO approx 3 T .=~ NNLO approx / LO ]
08 == NNLO approx | T I PR NNNLO approx / LO

E<le e NNNLO approx| 1 18p E
0.7 "~--C e = o ]
AO.GE— \\\\ :;433!::;;;: ...... 3 51'7:_ E
(o) E \\\\\\'\..;;-‘:: ........ ] =2 R P =
L T E T B
3 3 v f ]
F 15 -]
i 14F ]
0.2F 3 F ]
0.1F E 13F 3
: 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 : 1 C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]

%60 165 170 175 180 460 165 170 175 180

m, (GeV) m, (GeV)

Matched cross section (exact NLO + soft gluon corrections through NNNLO)

gs—ehannel (4, — 170 GeV) = 0.56 =+ 0.02 % 0.01 pb = 0.56 =+ 0.03 pb

scale pgf

gs—channel (4, — 175GeV) = 0.49 + 0.02 & 0.01 pb = 0.49 + 0.02 pb

scale pgf

Cross section for anti-top production is identical
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Single top production at the Tevatron - tW channel

bg-->tW at Tevatron s2=1.96 Tev p=m bg-->tW at Tevatron s"%=1.96 Tev H=m

t t
0-25- T T T T I T T T T I T T T T I T T T T i | T T T T I T T T T I T T T T I
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Approximate NNNLO cross section

oW (m; = 170 GeV) = 0.15 + 0.02 =+ 0.03 pb = 0.15 £ 0.03 pb

scale pgf

oW (m; = 175GeV) = 0.13 £ 0.02 =+ 0.02 pb = 0.13 & 0.03 pb

scale pgf

Cross section for anti-top production is identical
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Single top production at the LHC - t channel

Threshold corrections not a good approximation of full QCD corrections

Exact NLO cross section

Ttop ™! (m; = 170 GeV) = 152+ 5+ 3 pb = 152+ 6 pb
T 1

scale pdf

Tl ™™ (my = 175GeV) = 146 £ 4 + 3 pb = 146 & 5 pb
T 1

scale pdf

Antitop production at the LHC - t channel

Exact NLO cross section

Tamiton e (m; = 170GeV) = 93 £3 +2 pb = 93 + 4 pb
T 1

scale pdf

Trmiton ! (my =175GeV) =89+ 3+ 2pb =89+ 4 pb
T 1

scale pdf
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14

12

o (pb)

Matched cross section (exact NLO + soft gluon corrections through NNNLO)

s—channel

O.top

s—channel

Utop

Singletop at the LHC s-channel s=14Tev

Single top production at the LHC - s channel

u=m

— LO

— —- NLO approx
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------ NNNLO approx
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T

scale pdf

scale pdf

6

(m; =170 GeV) = 8.0102 + 0.1 pb = 8.010:% pb

(m; =175GeV) = 7.2102 + 0.1 pb = 7.2102 pb

. 1/2
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Single antitop production at the LHC - s channel

. . 12 . . 12
Single antitop at the LHC s-channel S =14 TeV H=m, Single antitop at the LHC s-channel S "=14TeV H=m,
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Matched cross section (exact NLO + soft gluon corrections through NNNLO)

gs-channel (4, — 170 GeV) = 4.5+ 0.1+ 0.1 pb = 4.5+ 0.2 pb

antitop
scale pdf
Tomiton ! (m; = 175GeV) = 4.0 £0.1 4 0.1 pb = 4.0 £0.2 pb

scale pdf
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Single top production at the LHC - tW channel

bg-->tW a the LHC S"’=14Tev  p=m bg->tW a the LHC S'’=14Tev  p=m,
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Matched cross section (exact NLO + soft gluon corrections through NNNLO)

o'W (m; =170GeV) =44+ 5+1pb =44+ 5pb

scale pdf

oW (my =175GeV) =41+4+1pb=41+4pb

scale pdf

Cross section for anti-top production is identical
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Higgs production at the Tevatron and the LHC

Search for Higgs one of most important goals at both colliders

Main Standard Model production channel gg — H

bb — H important in MSSM at high tan 8

Very simple color structure and kinematics (like Drell-Yan)

Full corrections known to NNLO

Soft-gluon approximation inadequate - purely collinear terms must be added

Can calculate all soft corrections fully to NNNLO
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Higgs production at NLO at the Tevatron

bb->H a Tevatron S °=1.96TeV p=m,

m,, (GeV)
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soft (or soft+virtual) corrections inadequate

Inclusion of collinear terms provides very good approximation
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Higgs production at NLO at the LHC

- 1/2 12
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again soft (or soft+virtual) corrections (even more) inadequate

Inclusion of collinear terms provides very good approximation
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Higgs production at NNLO via bb — H

T 1/2 T 1/2
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soft (or soft+virtual) corrections very inadequate

Inclusion of collinear terms (especially at NL+ accuracy) provides excellent
approximation
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Higgs production via bb — H: K factors

bb->H a Tevatron S =1.96TeV p=m, bb->H a LHC S'°=14Tev p=m,
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Large K factors even at NLO

NNLO and NNNLO corrections are important

Quite similar at Tevatron and LHC
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o (pb)

o (pb)

Higgs production via bb — H: SM cross sections

bb->H at Tevatron S'’=196TeV p=m,,
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bb->H a LHC S"’=14Tev p=m,
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Summary

e Soft and collinear corrections important in cross sections
e Resummation and NNNLO expansions
e Single top production - soft approximation works well

e Higgs production - collinear+soft approximation is excellent
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