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Logarithmic enhancement: resummation

Single (double) logarithmic enhancements
aslog/  0<ji<(2)k

If /when
'R logm ~ 1

all such terms in the perturbative series are equally important:

all-order RESUMMATION

Goals of resummations in PDF fits:

o provide PDFs consistent with resummed computations

T T T T
4 HERAPDF2.0, RTOPT NLO
® — HERAPDF2.0, RTOPT NNLO

@ improve the quality of PDF fits

—e— HHT,RTOPTNLO
- ~—+— HHT, RTOPT NNLO
A

1127 | | I | | | | | |

[Abt,Cooper-Sarkar,Foster,Myronenko,Wichmann,Wing 1604.02299] * * ° & ' ™ ™ % 1 Fe
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http://arxiv.org/abs/1604.02299

Resummations in this talk

Large-z threshold resummation:
oxr—1

@ due to soft gluon emissions

i
resums double logs (k’gl(i;z))
+

x

NNPDF3.0 NLO dataset

@ in Mellin space, log N at N — oo S
@ [MB,Marzani,Rojo,Rottoli, Ubiali,Ball, Bertone, * e
Carrazza,Hartland 1507.01006] - e
R - .
o
ER d ey
. . o Floamm
Small-z high-energy (BFKL) resummation 10eE o e
ez —0
. . . 1 PEEETTIT! BT R TITT RS TET R ST R
@ due to high-energy gluon emissions o e e gt w0 1o 1

@ resums single logs %bgk T

in Mellin space, poles 1/(N — 1) in the limit N — 1

[MB,Marzani,Peraro,NNPDF (in preparation)]
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http://arxiv.org/abs/1507.01006

Observable: oc=00Clas(pn) @ f(p) [®f(1)]
Evolution: W S ) = Plon) @ 1)

Any object with a perturbative expansion and a log enhancement:

o coefficient functions C'(cvs(11)) (observable)

o splitting functions P(a(1)) (evolution)

observable evolution
coefficient functions C'(as(i))  splitting functions P(cvs(11))
large-x (N)NNLL —
small-z LLx NLLx
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Threshold resummation of inclusive cross sections

Dressing the Born with soft gluon emissions leads to double log enhancement
o] 2n 1
1 v log" N| x [1+0( —
gy o] <[ 3]

Known to N3LL for DIS, DY, Higgs: k =2n,2n—1,...,2n—6
and to NNLL for many others: &k =2n,2n —1,...,2n —4

C(N) = CrLo(N)

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

C(N 1
LI _ () exp | gr(@s L) + ga(es L) + asga(as ) + a2gi(asL) + ...
CLO(N) Qs
L =log N
Available for

@ total cross sections o
e invariant mass distributions do /dM?>
o double-differential invariant mass -+ rapidity distributions do/dM?/dY
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Processes in a global (NNPDF) PDF fits (arXiv:1507.01006)

Process observable resummation available
DIS do/dz/dQ* (NC, CC, charm, ...) YES

DY Z/v do/dM?/dY YES

DY W differential in the lepton kinematics NO

tt total o YES

jets inclusive do/dp:/dY YES/NO

Including DY W requires threshold resummation at fully differential level: not
available (yet?)

Jets are currently available at NLO and NLL, but partial NNLO results indicate that
NLL is very poor: we excluded them

DIS, DY available from TROLL (TROLL Resums Only Large-x Logarithms)

www.ge.infn.it/~bonvini/troll

tt available from topt++ www.alexandermitov.com/software
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Effects on the theory predictions
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Impact on PDF fits: PDFs

NNPDF3.0 DIS+DY+Top, Q*=10° GeV? NNPDF3.0 DIS+DY+Top, Q?=10° GeV?
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Impact on PDF fits: luminosities

LHC 13 TeV, NNPDF3.0 DIS+DY+Top, us(Mz):o.ns
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Impact on PDF fits: 2

Experiment NNPDF3.0 DIS+DY+top
NLO | NNLO | NLO+NLL | NNLO+NNLL

NMC 1.39 1.34 1.36 1.30
SLAC 117 0.91 1.02 0.92
BCDMS 1.20 1.25 1.23 1.28
CHORUS 1.13 111 1.10 1.09
NuTeV 0.52 0.52 0.54 0.44
HERA-I 1.05 1.06 1.06 1.06
ZEUS HERA-II 1.42 1.46 1.45 1.48
H1 HERA-II 1.70 1.79 1.70 1.78
HERA charm 1.26 1.28 1.30 1.28
DY E866 1.08 1.39 1.68 1.68
DY E605 0.92 1.14 1.12 1.21
CDF Z rap 1.21 1.38 1.10 1.33
DO Z rap 0.57 0.62 0.67 0.66
ATLAS Z 2010 0.98 1.21 1.02 1.28
ATLAS high-mass DY | 1.85 1.27 1.59 1.21
CMS 2D DY 2011 1.22 1.39 1.22 1.41
LHCb Z rapidity 0.83 1.30 0.51 1.25
ATLAS CMS top prod | 1.23 0.55 0.61 0.40
Total 1.233 | 1.264 1.246 1.269

Resummed x? slightly worse
DY fixed-target experiment are the origin of the problem
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Impact on phenomenology

Higgs cross section: gluon fusion Higgs cross section: gluon fusion

Higgs: 18 18

g NLO, fixed order PDFs —+— | LHC 13 TeV| E * NNLO, fixed order PDI"S —<+— LHC13 TeV‘
=} NLO+NLL, fixed order PDFs —e— 2 NNLO+NNLL ed order PDFs —e—
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Small-z resummation: overview

Small-z resummation based on k;-factorization

Affects both evolution (known to LLx and NLLx) and coefficient functions (known
only at lowest logarithmic order, which is often NLLx)

We follow the ABF [Altarelli,Ball,Forte 1995,...,2008] procedure to resum splitting
functions and coefficient functions [MB,Marzani,Peraro (work in progress)]

We are preparing a public code
HELL: High-Energy Large Logarithms
which will deliver resummed splitting functions and coefficient functions.

The resummed evolution from HELL has been already successfully interfaced to
APFEL [see Valerio's talk]

Py - 0, =02 np=4

o--<
035 NLO ——
NNLO —-—

We performed a first NLO+NLLx fit 03 F e
with resummed evolution only

X Pagx)
o

Next step: include resummed coefficient orf
function for a fully consistent fit i

1 01 001 0001 00001 1e05 1le-06
x
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Small-z resummation: preliminary results

Q =100 GeV - NLO+NLLx evolution / NLO evolution

Take f(ac, QO = 2GeV) as an mput ! initial PDFs from NNPDF30_nlo_as_0118 at Qg = 2 GeV
1.1
Evolve it to @ = 100 GeV with either 5 1
NLO or NLO+NLLx evolution 2 09
(using APFEL) 5 os
) :ﬁ 0.7
Plot the ratio —
0.6 gluon 1
quark singlet - - - -
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S 09
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Including resummed coefficient functions will x AR |
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8 luon
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Conclusions

PDF fit with threshold resummation
e DIS+ DY (Z/y) + &t v
@ Sizeable effect at NLO+NLL, small effect at NNLO-+NNLL

o To be done:

o include missing processes (DY W, jets)
o understand (or exclude?) fixed-target DY
o consider other choices for resummation (different subleading terms)

[MB,Marzani 1405.3654]

PDF fit with high-energy resummation
® NLO+NLLx evolution v/
@ resummed coefficient functions: work in progress

@ preliminary results: very promising

Future:
o PDF fit with joint (threshold + high-energy) resummation ?

@ other soft resummations?
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Reduced dataset

NNPDF3.0 NLO, Q?=10* GeV? NNPDF3.0 NLO, @*=10* GeV?
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Threshold resummation in DIS

TROLL delivers Aj;Kyn | to be used as gres = 0yi o + 0L0 X AjKnnp

Neutral current DIS Neutral current DIS
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Threshold resummation in Drell-Yan
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Improved threshold resummation

N 1 1
%(]\)]) = go(as) exp [a—sgl(asL) + g2(asL) + asgs(asL) + .. ] X {1 + O(ﬁ)}
N-soft: standard resummation consider in our fit, neglects all 1/ terms
1-soft: improved resummation, includes some 1/N terms

Higgs cross section: gluon fusion

. _— 70
1p-soft is more predictive than N-soft my = 125 GeV R
=m
[MB,Marzani 1405.3654] 6o [ LHC13Tev  Mo=mwe

[MB,Marzani,Muselli,Rottoli 1603.08000]
[10 S + g ’ # -

o [pb]

+ all constants at the exponent
10k default —e— ]
all constants in gg —*
N-soft
0 | | | | | | |
[e] (e} Q (e} - - -
= 2 2 2 2 2 &z
s z ¥ =z z
o + t
= o (e}
=4 = o
= =
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Small-z resummation: brief overview

d . d ;
DGLAP: W ) = [ ZP(Z ) 1)

P a? [ 2 o
BFKL: oaeto®) = [ S i (2 15.0.0) 1)

du2 /u2\ M
double Mellin transform f(N, M) = /dwa/%(%> [z, 12
0

DGLAP: Mf(N, M) =~(N,os(-))f(N, M)+ boundary

BFKL : Nf(N,M) = x(M,as(-))f(N, M)+ boundary
When both are valid (small z, large 1?), consistency between the solutions gives (at fixed
coupling)

X(’Y(Nv a5)7 045) =N

duality relation
For x(M, as) = asxo(M)
the dual v contains all orders in as/N = 40|
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Small-z resummation: brief overview

! "dual DGLAPLO — — - j
dual DGLAP NLO

What do we get? 3

@ LL: strong growth at small z (not observed)

@ NLL: no enhancement at small z () =
Totally unstable, S
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 y
@ impose momentum conservation

@ reuse duality to get resummed anomalous dimensions Py - 05202 =4

0.4

The result is perturbatively stable!

0.35
0.3

Finally 025

0.2

X Pgg(x)

@ resum running coupling contributions
(changes the nature of the small-V o

singularity: branch-cut to pole) 00
0

0.15

1 0.1 001 0001 00001 1e-05 1e-06
x
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Resummation in the coefficient functions: small x

High-energy (k) factorization:

dz 0, . [T Q2 5 Fgy(z, k) : unintegrated PDF
o / - /d k Ug<;7 F’OLS(Q ) | Fq(z, k) 69(2‘, %22,&5> . off-shell xs

Defining
k2
FQ(N7k") = U(N7 E) fg(NaP«2)

2 2
Cy(N, as) :/d% Gq (N, %a) U(N ’i)
u?

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

k2 5 d dv?
U(N, E) ~k ﬁexp/u2 5 ——~(N,as1?))

we get

@ Only known at LL

@ Just uses the off-shell cross sections (N, Q2/k?, a;) (one for each proc)

@ Can be included directly in HELL
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Resummation in the evolution: large x

Singlet diagonal (Pyq, Pgg) and non-singlet (PE):

@
Pz,as) = H + B(as)d(1l —z) + Cas)log(l —z) + .
. . , log N
Y(N,as) = —A(as)log N + [B(as) — vA(as)] — Clas) N‘* +
no log enhancement!
Singlet off-diagonal (Pyg, Pyq):
P(z,as) Z antt |:Z dpp logh(1 —z) +.
2n
Z Qn+l |:Z 1 . 1()t>
n
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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Resummation in the evolution: small =

Singlet:
n log 2 2n
P(z,as) Za"+ [Z +anklog T+ ...
n=0 k=0 k=0

2n
S +l Qnk nl\
'y(J\‘,G,,»)f E n |:Z 1)k+l +Z 7\l+l :|

n=0

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

p (P Peg \_( LL LL
singlet =\ p. P, )~ | NLL NLL

Non-singlet:

oo 2n
P(z,as) = Z antt [Z bpx logh o+ ...

n=0 k=0

is double log enhanced but subleading.
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