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Logarithmic enhancement: resummation

Single log or double log enhancements
aflog’  0<j<(2)k

If /when
aglog ~ 1 aslog? ~ 1

all (such) terms in the perturbative series are equally important:

all order RESUMMATION
Example: DGLAP evolution: resummation of single log(Q?/Q3)

Note:
if arglog'® < 1, resummation can still be used to predict (the dominant (?)
part of) higher orders.
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Resummations in this talk

Large-z resummation:
o xr—1
@ associated with soft gluon emissions
@ resums double log(1 — )
o threshold resummation, a subset of soft-gluon (Sudakov) resummations
°

in Mellin space, log N at N — oo

Small-z resummation

e xr—0

@ associated with high-energy gluon emissions

@ resums single log x

@ high-energy (BFKL) resummation

o in Mellin space, poles 1/(N — 1) in the limit N — 1
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Observable: o=00C(as(p) @ f(p) [@f (1)

Evolution: ;ﬁd%fw) = Paa() ® £ (1)

Any object with a perturbative expansion and a log enhancement:

o coefficient functions C'(as(1t)) (observable)
o splitting functions P(c(x)) (evolution)

observable evolution
coefficient functions C'(as(e))  splitting functions P (s (1))

? ?
? ?

large-z
small-x
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Resummation in the evolution: large x

Singlet diagonal (Pyq, Pyy) and non-singlet (P):

A(O‘S)

(1 - l’)+

P(z,a5) = + B(as)d(1 — ) + Clas) log(l —z) + . ..

log N

Y(N,as) = —A(as)log N + [B(as) — yA(aws)] — C((m)T

no log enhancement!

Singlet off-diagonal (Pyg, Pyq):

P(z,as) =i nt [an glogh(1—z) 4 ..

n=0 k=0

= 2 logh N
Y(N, o) :Z II+1|:Zdnk g, =

n=0 k=0

Double log enhancement of the next-to-soft (NS) contributions [Vogt 1005.1606]
Can be resummed up to NNLL (k =0,1,2) [Almasy,Soar,Vogt 1012.3352]

Expected effect: negligible
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http://arxiv.org/abs/1005.1606
http://arxiv.org/abs/1012.3352

Resummation in the evolution: small x

Singlet:

n

2n
P(z,as) Za"“ |:Zank10g:w —I—anklog%x—i—...

k=0 k=0

n o 2n
1 k k
Y(N,as) = E :Q”JF g N - k+l +§ : \*I:L+1

n=0

Single log enhancement at leading small z, in the singlet sector

P P Py _( LL LL
single I NLL NLL

Non-singlet:

2n
P(z,as) Za"+1 [anklogkx—k...
k=0

is double log enhanced but subleading.
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Small-z resummation: brief overview

. 2i 2y @ z 2 2
DGLAP: w2 fe®) = [ EP (L0 o)
| A e[ :
BFKL: wdxf(m,/l, )—/ e K(J:, 1/2"0“(.) flz,v7)
N [dp’ (p? M 2
double Mellin transform f(N, M) :/d:cm /?(F) flz, 1)
0
DGLAP: Mf(N,M)=~(N,as(-))f(N, M) + boundary
BFKL : Nf(N,M) = x(M,a(-))f(N. M)+ boundary

When both are valid (small z, large ,uz), consistency between the solutions gives (at
fixed coupling)

X('Y(N,Oés),as) =N A W(X(A/LO‘SLO[S):N[

duality relation (“L rule”)

For x(M, as) = asxo(M)
the dual « contains all orders in as/N
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Small-z resummation: brief overview

"dual DGLAP LO — - -

What do we get?
o LL: strong growth at small = (not observed)
@ NLL: no enhancement at small = (!!) ~

Totally unstable,
due to perturbative instability of the BFKL kernel °
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Small-z resummation: brief overview

"dual DGLAP LO — - -

What do we get?
o LL: strong growth at small = (not observed)
@ NLL: no enhancement at small = (!!) ~

Totally unstable,
due to perturbative instability of the BFKL kernel °

ABF solution [Altarelli,Ball,Forte 1995,...,2008]
@ use duality to resum BFKL kernel
o exploit symmetry M — 1 — M of x
@ impose momentum conservation
@ reuse duality to get resummed anomalous dimensions

The result is perturbatively stable!
Finally

@ resum running coupling contributions (changes the nature of the
small-N singularity: branch-cut to pole)
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Small-z resummation: the codes

. . . Pgg - 05=0.2 ne=4
Actual implementation rather complicated 04 T
H H o---
(several technical issues. . .) 035 | o — i
Three independent codes: 03] LO+LL - - - i

NLO+NLL ——
0.25 - -

@ Richard’s (orginal)

X ng(x)

.. , 02 F \
@ Tiziano's

0.15 - =
@ mine o1t

0.05 -

1 0.1 0.01 0.001  0.0001 1le-05 1le-06
X

The codes are slow and require some tuning.
Fit the resummed splitting functions, and write the parameters on a «; grid:

HELL: High-Energy Large Logarithms
© S.Marzani

fast interface, already successfully interfaced to APFEL

Still under development, the goal is to include resummed coefficient functions
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Resummation in the coefficient functions: small x

High-energy (k1) factorization:

2 Fy(x, k) : unintegrated PDF
oo [ L [Era,(2 % 0@) 50 { o) unintes

Gg <z, %_,2 ozS) : off-shell xs
Defining

k> 2
Fo (N k) = U(“E) Fo (N, 1)

. 2 k2
OQ(N7a5) = /d2k 09(N7 %7045) U(N7 E)

At LL accuracy, U has a simple form, in terms of small-z resummed anom dim ~y

k> d ¥ dy?
U(N,?) kawexp/2 ?'y(N,a,s(uz))
1

we get

@ Only known at LL
@ Just uses the off-shell cross sections &(N, Q?/k?, as) (one for each proc)
@ Can be included directly in HELL

Marco Bonvini Large- and small-z resummations in PDF fits



Resummation in the coefficient functions: large x

Dressing the Born with soft gluon emissions leads to double log enhancement

C(N) = Cro(N)

o] 2n
14> al Y englogh N + (’)(l/N)]

n=1 k=0
Known to NNNLL’ for DIS, DY, Higgs: k£ =2n,2n —1,...,2n — 6.

Well known formalism, can be derived in several ways (diagrammatic
approach, factorisation methods, path-integral approach, SCET)

C(N
W) _ go(as) exp |:7gl(asL) + g2(asL) + asgs(asL) + alga(asL) + }
Cro(N) s
Possible improvements L =logN

@ log N — 1o(N) (correct analytic structure)
@ N — N + 1 (or something better, resums collinear contributions)
@ resummation of constants (like 72 resummation)

o extension to double-differential distributions do/dM?/dY
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o [pb]

A successful example: Higgs

Standard resummation

Higgs cross section: gluon fusion

70

production

Improved resummation

Higgs cross section: gluon fusion

T
my = 125 GeV.
LHC 13 Tev

70

m,
LHC 13 Tev

T
= 125 GeV.

2 3

1405.3654]

10 [ S NO+NL | i ~ NLO+NLL
- NNLO+NNLL - NNLO+NNLL
o —_— NNLO+‘NNNLL ) ) A ) ——— NNLO+NNNLL . T
0.1 0.2 03 0.5 1 2 3 0.5 1
MR/ My MR/ My
Hggs ros secton: gluon fusion [MB,Marzani

60 "“N Do’ T T T T T T T

LHC 13 TeV
50 ] ]
i
30 l

1

20 I

+ collinear improved . i
1 improved SCET resummation [MB,Rottoli 1412.3791]
0

LO+LL |-
LO+NLL |-
NLO
NLO+NLL'
NLO+NNLL |-
NNLO
INLO+NNLL' -
NNLO+N3LL [~
INLO+NLL'
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http://arxiv.org/abs/1405.3654
http://arxiv.org/abs/1412.3791

Threshold resummation in DIS

The code ResHiggs [MB,Marzani 1405.3654] now includes DIS and DY
New name:

Throsheld F on Of 1 1 "

TROLL: 7ROLL Resums Only Large-x Logarithms

© MB, L.Rottoli

to be made public at some point..

TROLL delivers A; Ky~ to be used as 0ves = oo + 0o X A Knm

0.06

Q=5GeV, NNLL
0.05 - 3=30GeV, NNLL - - - -
0.04 -

0.03 |-
0.02 - Ap KnnLL
0.01 |-

0
0.01 - |

-0.02 S S
0.01 0.1 0.8

DIS:

A, K-factor
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Threshold resummation in DIS

The code ResHiggs [MB,Marzani 1405.3654] now includes DIS and DY

New name:

TROLL: 7ROLL Resums Only Large-x Logarithms

© MB, L.Rottoli

to be made public at some point..

TROLL delivers A; Ky~ to be used as 0ves = oo + 0o X A Knm

0.06

0.05 Q=5GeV, NNNLL
' | Q=30GeV, NNNLL - ---
0.04 - -

0.03
0.02 - Az KnNNNLL
0.01 g
0 /
20.01 - |

-0.02 S S
0.01 0.1 0.8

DIS:

A3 K-factor
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http://arxiv.org/abs/1405.3654

Threshold resummation in Drell-Yan

0.08
LHC @ 7TeV, NNLL —
0.07 + Tevatron, NNLL ——
0.06 |-
& 005L
[}
dopy £ 004 Ap KnnLL
. X
dM2 § 003
0.02 |
0.01 |
0 L ‘
30 100 1000 2000
M [GeV]
0.2 : :
LHC'@ 7 TeV, NNLL ——
Tevatron, NNLL ——
0.15 |- 8
5
[}
dopy & o1l A Knn (M =myz) |
JR—— X
dM?2dY =)
0.05 | 8
0 T T T T T

0 01 02 03 04 05 06 07 08 09 1
Y/Y max
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Impact on PDF Fits

Ratio of F2 NNLO+NNLL over F2 NNLO for BCDMS
NNPDF3.0 NNLO alphas=0.118 T2 ]
1.04 3 L 4
BCDMSP i 1.15
1.03 3
i 11 o RTLO ]
1.02 H A RTNLO
= 101 . i 1.05 - = RTNNLO 4
g
EE 1 NP I ' | 1t o
3
4
0.99 0.95 A RTNLOHERAI
0.98
09 [ b
0.97
0‘960 01 02 03 04 05 06 07 O ]
. § - - - . g " 2 4 6 8 10 12 14 16 18 20 22

Q2/GeV?

At small Q? all resummations are enhanced

A large-z resummed DIS-only fit is behind the corner...
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Conclusions

observable evolution
coefficient functions C(as(p))  splitting functions P(as(i))
larce.y | UP O N3LL’ .
& for DIS, DY, Higgs v
only LL
small- | v DIS, DY, Higes, #,... v NLL v

@ Impact of threshold resummation is only in the c.f., and moderate

o Sizeable effect only at very large x or large rapidity

@ N3LO DIS can improve the quality of the fit at large z, but includes some
(possibly large) small-z contributions

@ Small-z resummation in the evolution expected to be sizeable, and available
soon

@ Small-z resummation of the observable will be the last step for a fully
resummed fit
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Relevance of resummations

Fy(z)/z = /: %C(z,as)f(g) = /I1 %C(z,as) f(z)

z

o Large z region always contributing
@ Small z region accessible only when x is small

When shall we care about resummations?
dN

dN 1
F _ o —NCN . N) = Y Nlog o +log C(N,as)+log f(N)
o)fo = [ G e f) = [ 5he

dominated by the saddle point Ny

Saddle point Ng as a function of x
10

F—— o=100Gev 1
[ -~~~ Q=10Gev 1
/
5 g
°
z 3
2
b
1
0.0001 0.001 0.01 0.1
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Comparison to fixed order: DIS

DIS partonic Foq.  Order ag Mellin transform

3 T | T T T T T T T
full
N-soft —-—-
2 A-soft |
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Comparison to fixed order: DIS

DIS partonic Fpq. Order as?2 Mellin transform

3 T | T T T T T T T T T T T T
full
N-soft —-—-
2 A-soft 3
r/'
1+ .
g
o
@)
0
qF"T——=-— -
_2 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10
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Comparison to fixed order: DIS

DIS partonic Fpq. Order as3 Mellin transform

3 T T T T T T T T T T T T T T
full
N-soft —-—-
2 A-soft
1k
)
o
@)
O —————— ;
’/
’/
7
a1k e .
N -
\\ e
~ -
N -
2 \\*Vﬁ ; [ el | | | |
1 2 3 4 5 6 7 8 9 10
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Comparison to fixed order: DY

Drell-Yan partonic g-gbar. Order ag Mellin transform
10 T T T T
full
N-soft —-—-
g L A-soft;
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Comparison to fixed order: DY

Drell-Yan partonic g-gbar. Order a;Z Mellin transform
40

T T T T T T T T T T T T T T
full e

(2)

1 2 3 4 5 6 7 8 9 10
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Comparison to fixed order: Higgs

Cyg(N,os) =1+, CD(N)+ a2 CE(N) + ...

Higgs partonic gg. Order ag Mellin transform

30 T T T T T T T T
' my = 125 GeV
25 H|
20
exact

Z 15 pointlike - - - - |
D high energy — -

10 ) A-soft ——— 7

s\ J
\
0 = —_—
—_ | | Il Il Il Il
E T T T T T T T
2 L
¢ 11 i
-9 L
e 1
2 |
z o9l .
S H
‘O 0.8 " Il Il Il Il Il Il
1 2 3 4 5 6 7 8
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Comparison to fixed order: Higgs

Cyg(N,os) =1+, CD(N)+ a2 CE(N) + ...

Higgs partonic gg. Order ag Mellin transform

30 T T T T T T T T
' my = 125 GeV

25 H|

20 exact
= pointlike - - - -
g high energy — - |
© 10 A-soft —— |

A-approx — -
s\ i
\
0 == —_—
—_ Il Il Il Il Il Il
E T T T T T T T T T
% L .
¢ 11 ' —
-9 L N
=] 1 W
o =itk
Z 09 B
S H
‘O 0.8 " Il Il Il Il Il Il
1 2 3 4 5 6 7 8
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Comparison to fixed order: Higgs

Cyg(N,0s) =1+, CSH(N) + a2 CD(N) + ...

Higgs partonic gg. Order as2 Mellin transform
300

my = 125 GeV

250 | |

200
exact

pointlike - - - - |
A-soft ——
high energy — -

150

C(z)(N)

100

50

11+ ' B

=

0.9
0.8 L L L L L L

T
|

—

CON) / CPeyact(N)
—
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Comparison to fixed order: Higgs

Cyg(N, o) = 1+ o, CSH(N) + a2 C[2(N)

Higgs partonic gg. Order as2 Mellin transform

+...

300 T T T T T T T T T T T
' my = 125 GeV
250 | ¢
200 exact
= pointlike - - - -
£ 150
S A-soft ———
O .
100 high energy
A-approx — -
50
N
0
— Il Il Il Il Il Il
z r I F I F I F I F I F I F
g 11f
Hw v
g 0.9
S
‘O 0.8 Il Il Il Il Il Il
1 2 3 4 5 6 7

Marco Bonvini

Large- and small-z resummations in PDF fits




