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Based on work done in collaboration with:

@ Approximate four-loop QCD corrections to the Higgs-boson production cross section

G. Das, S. M., and A. Vogtarxiv:2004.00563

@ Soft corrections to inclusive deep-inelastic scattering at four loops and beyond

G. Das, S. M., and A. Vogt arxiv:1912.12920

®  Five-loop contributions to low-N non-singlet anomalous dimensions in QCD
F. Herzog, S. M., B. Ruijl, T. Ueda, J. Vermaseren and A. Vogt

arxXiv:1812.11818

®  On quartic colour factors in splitting functions and the gluon cusp anomalous dimension
S. M., B. Ruijl, T. Ueda, J. Vermaseren and A. Vogt arxiv:1805.09638

@ Four-Loop Non-Singlet Splitting Functions in the Planar Limit and Beyond
S. M., B. Ruijl, T. Ueda, J. Vermaseren and A. Vogtarxiv:1707.08315

¢ Many more papers of MVV and friends ...
2001 - ...
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Motivation
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Theory considerations in o determinations

Correlation of errors among different data DIS sets

Target mass corrections (powers of nucleon mass M3 /Q?)

Higher twist F* = Fy + ht™ (2)/Q% + . ..

Variants with no higher twist give larger as values Aleknin, Blumlein, S.M. 117
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Theoretical uncertainty of as at NNLO from DISdata > O(1...2)%
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Theoretical framework
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Deep-inelastic scattering

electron ) ) )
Kinematic variables

momentum transfer Q% = —q
Bjorken variable = = Q*/(2p - q)

2
quark

Structure functions (up to order O(1/Q%))
Fo(2,Q%) = Y [Cayi (as(u?),p*/Q%) ® PDF (u°)] (x)

Coefficient functions up to N°LO
Coi=al (Cgoz + ozscgl,g + agcgg—l—aicsz + .. )
Evolution equations up to N’LO

non-singlet (2n s — 1 scalar) and singlet (2 x 2 matrix) equations

dlrcll,u? PDF(z,p") = [Plas(u”)) ® PDF(u)] (2)

splitting functions P;; = a. P + o2PY + a2 PP +alpP + ...
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Evolution equations

Parton distribution functions ¢, (z, 11*), g;(x, #*) and g(z, u*) for quarks,
antiquarks of flavour 7 and gluons

Flavor non-singlet combinations n

qrjfs,ik; = (¢ £ @) — (g £ @) and gps = Z (¢ — @)

1=1
splitting functions P and P), = P, + P5,
Flavor singlet evolution

d ( ds ) Pyq Pag ds il _
= ) ( ) and ¢ = q; + q;
dIn ,LLQ g ( Pgq  Pgg g Z ( )

quark-quark splitting function P,y = Pt + P,

Mellin transformation relates to anomalous dimensions ik (V) of
twist-two operators

1
fyi(l?)(N,ozS) — —/ de N7t Pig{n)(az,as)
0
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Non-singlet
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Operator matrix elements

Non-singlet operator of spin-/N and twist two

ns

{.Ula---).“N} - w)\afy{/ilD:“2 D/LN}w ’
a = 3,8,...,(n7—1)

. b3 Pn
Calculation

Anomalous dimensions (V') from ultraviolet divergence of loop
corrections to operator in (anti-)quark two-point function

Feynman diagrams for operator matrix elements generated up to four
loops with Qgraf Nogueira ‘91

Parametric reduction of four-loop massless propagator diagrams with
Forcer Ruijl, Ueda, Vermaseren ‘17

Symbolic manipulations with Form Vermaseren ‘00; Kuipers, Ueda, Vermaseren,
Vollinga ‘12 and multi-threaded version TForm Tentyukov, Vermaseren ‘07

Diagrams of same topology and color factor combined to meta diagrams

1 one-, 7 two-, 53 three- and 650 four-loop meta diagrams for ~,:
1 three- and 29 four-loop meta diagrams for ~,..
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Anomalous dimensions

Anomalous dimensions ~(N) of leading twist non-singlet local operators

expressible in harmonic sums up to weight 7
N

S:I:ml ..... my (N) — Z (il)z SmQ ----- mip (Z)

(X!
i=1

2. 3%~ sums at weight w

Reciprocity relation v(N) = v, (N + ~v(N) — B(a)) reduces number of
2“~1 sums at weight w for ~,

additional denominators with powers 1/(N + 1) give 2“ "' — 1 objects
(255 at weight 7))

Constraints at large-z/small-z (N — oo/N — 0) give additional 46
conditions

Upshot

Computation of Mellin moments up to N = 18 for anomalous dimensions
feasible

Reconstruction of analytic all-/V expressions in large-n. limit from
solution of Diophantine equations
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Mellin momen ts ..at.fO.L.’f lppps
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Four-loop non-singlet splitting functions .
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Scale stability of evolution

N
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Mellin moments at five loops

® Moments N = 2 and N = 3 for nonsinglet anomalous dimensions ~,;

¢ implementation by Herzog, Ruijl 117 of local R ™ operation Chetyrkin, Tkachov
‘82; Chetyrkin, Smirnov ‘84 for reduction of five-loop self-energy diagrams
to four-loop ones computed with Forcer Ruijl, Ueda, Vermaseren ‘17
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Scale stability of evolution
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Five-loop splitting function at large-x
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Singlet
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Color factors of SU (n.)

Quadratic Casimir factors C,.6*° = Tr (T2 17 )

fundamental representation Cr = (n2 — 1)/(2n.);
adjoint representation C'4 = n.

Quartic Casimir invariants occur for the first time at four loops

diy) = dgbeddated for representations labels z, 3 with generators 7
abcd 1 a b e rd . .
d, = & Tr (T, T, T, T, + five bed permutations )

SU(n.) with fermions in fundamental representation

1
di/na = ﬂnf(nc2+36)7

1
did /na = Enc(nf+6),

1 .
dep/ma = g (nd —6+18n.7)

1

trace-normalized with Tr = 3

dimensions of representations ny = n. and ny, = (n2 — 1)
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Operator matrix elements

b1 P2

Singlet operators of spin-N and twist two

O{q’ul aaaa /'LN} — wfy{/LlDlu’QD/iN}w )
O{glu'l """ ,U'N} - Fy{lu’lD/LQ ...D/'I'N—l F,U,N}V P1 P2

Quartic Casimir terms at four loops
are effectively ‘leading-order’ Ps Pn

anomalous dimensions fulfil relation for A = 1 supersymmetry
Q
Yad (N) 753 (V) = 752 (N) =7/ (V) = 0

color-factor substitutions for n, = 1 Majorana fermions (factor 2n;)

4 4 4 4 4
Ca ol a4 ad
(2ny) = 2ny = 2ny -~ =

nA na ng nrg na

Eigenvalues of singlet splitting functions (conjectured to be) composed of
reciprocity-respecting sums

quartic Casimir terms fulfil stronger condition Belitsky, Miiller, Schafer ‘99
0 3 Q 0 3
'Yég)(N)’Yéq)(N) — ’Yéq)(N)'Yc(lg)(N)
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Calculation and results

Splitting functions (diagonal) in the large-z limit

n— An i

Cusp anomalous dimensions related by Casimir scaling up to three loops

Ap g = %An,q forn <3
F

at four loops Casimir scaling holds in large n.-limit Dixon ‘17

Generalized Casimir scaling at four loops for new color factors
S. M., Ruijl, Ueda, Vermaseren, Vogt ‘18

A47g abced jabed — A47q abced jabed
dg""da dp ""da
nA nE
A47g dabcd gabed — A47q dabcd gabed
F A F F
nA nE
A47g abecd j abed — O
dF dF
nA
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Quark cusp anomalous dimensions

84278 88400 20944 352 3608
_ 1804¢, — 22< _
31 31 Co + 57 (3 + 1804(4 3 (2(3 9

2504 ) +_d§2 ( 128 . 3520
6

(s

A4,q — CFCj (

—16¢5 — —12 i
6C3 3 8C2 + 3 CS + 3

D72 592
— 320
9 — 3 (3 C5>

Nc

§5——384§§——992§6>

34066 440 . 3712
+ﬁ@m<— + 3Gt

—1 — 12 1
31 5 (3 76(4 8C2(3 + 60C5>

24137 20320 23104 176 448 2096
B e e e e 2 )

(4) 256 1280 2392 640

d
+ nf ?fF (256(2 — ?C3 — 3 C5> + CFQ”n/J? (W — TCB + 32C4>

923 608 2240 112 32 64
+ CFCAnf2 ( 31 81 G2 + 57 (3 — ?C4> — Can3 (8_1 — ﬁ(:a)

Large-n. (Henn, Lee, Smirnov, Smirnov, Steinhauser ‘16; S. M., Ruijl, Ueda, Vermaseren, Vogt ‘17);
n ¢ terms (Grozin ‘18; Henn, Peraro, Stahlhofen, Wasser ‘19); nf terms (Davies, Ruijl, Ueda, Vermaseren,

Vogt ‘16; Lee, Smirnov, Smirnov, Steinhauser ‘17); nJ‘j’ terms (Gracey ‘94; Beneke, Braun, ‘95);
quartic colour factors (Lee, Smirnov, Smirnov, Steinhauser ‘19; Henn, Korchemsky, Mistlberger ‘19)
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Coefficients of 6(1 — x)

S. M., Ruijl, Ueda, Vermaseren, Vogt ‘18 (and updated)

Cp CpCy CEC3 CrCj A /ng
196.5 = 1. —687.5 £ 1.5 1219.5 = 2. 295.7 £ 0.5 —998.0 £ 0.2
ny CF3 ny CFQCA ny CFCZ ny d}g%)/np
80.780 =£0.005 —455.247 £0.005 —274.466 =0.01 —143.6 0.2
716.9577 —484.8864
an CF2 nf2 CFCA nfS CF
—b5.775288 51.03056 2.261237

Numerical values for color coefficients of §(1 — x) part B,* in quark
splitting function

exact values rounded to seven digits

errors correlated due to known exact results in large-n. limit
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Coefficient functions
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Threshold resummation

Coefficient function in large z-limit have large logarithms at n**-order

n In?" N1 — )
as
(I —z)4

Threshold resummation in Mellin space

C" = (I4+asgon+algoz+-..)-exp(G") + O(N~'In" N)

— ol In”"(N)

Control over logarithms In(N) with A = Boas In(N) to N*LL accuracy

G = In(N)gi(A) + g2(A) + sgs(X) + agga(A) + algs(A) + . ..
A):
A):
A):
a(N):
g5(A): N*LL Das, S.M., Vogt ‘19

LL Sterman ‘87; Appell, Mackenzie, Sterman ‘88

NLL Catani Trenatdue ‘89

NNLL or N?LL Vogt ‘00: Catani, Grazzini, de Florian, Nason ‘03
N3LL S.M., Vermaseren, Vogt ‘05

N

1

o K
w N

(
(
(
(

\/\_/vv

e

Resummed G* predicts fixed orders in perturbation theory
generating functional for towers of large logarithms
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Resummation exponent

Factorization in soft and collinear limit — product of radiative factors

GY = Ay +InJ, +aM

Renormalization group equations for radiative factors A, J, and AlNt
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Resummation exponent
Factorization in soft and collinear limit — product of radiative factors
GY = Ay +InJ, +aM

Renormalization group equations for radiative factors A, J, and AlNt
Ay soft collinear radiation off initial state parton p

; N—1 (1_Z)2Q2d2
z 1 q 2
In A = d —— AP (as
N R
0 2

electron

quark

proton
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Resummation exponent
Factorization in soft and collinear limit — product of radiative factors
GY = Ay +InJ, +aM

Renormalization group equations for radiative factors A, J, and AlNt
Ay soft collinear radiation off initial state parton p

; N—1 (1_z)2Q2d 2
z 1 q 2
InA, = d —— AP (as
He / T / q> (@)
0 2

Jp: collinear emission from “unobserved” final state parton p
1

N-1_ 4 (1—2)Q2 da?
InJ, - / iz> / Y AP (as(4?) + BY (as([1 — 21Q%))
(1-2)2Q2 4

0

electron

proton
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Resummation exponent
Factorization in soft and collinear limit — product of radiative factors
GY = Ay +InJ, +aM

Renormalization group equations for radiative factors A, J, and AlNt
Ay soft collinear radiation off initial state parton p

; N—1 (1_z)2Q2d 2
z 1 q 2
He / T / q> (@)
0 2

Jp: collinear emission from “unobserved” final state parton p
1

SN-1 (1-2)Q* ;2 ) ; )
InJ, = /dz L [/( diAp(ozs(q )) + B (as([1 — 2]Q7))

11—z 1—2)2Q2 q?

_ 0
alnt. process dependent gluon emission at large angles

A'nt = 0 in DIS to all orders Forte, Ridolfi ‘02; Gardi, Roberts ‘02
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Resummation exponent
Factorization in soft and collinear limit — product of radiative factors
GY = Ay +InJ, +aM

Renormalization group equations for radiative factors A, J, and AlNt
Ay soft collinear radiation off initial state parton p

; N—1 (1_z)2Q2d 2
z 1 q 2
InA, = d —— AP (as
He / T / q> (@)
0 2

Jp: collinear emission from “unobserved” final state parton p
1

SN-1 (1-2)Q* ;2 ) ; )
InJ, = /dz L [/( diAp(ozs(q )) + B (as([1 — 2]Q7))

11—z 1—2)2Q2 q?

_ 0
alnt. process dependent gluon emission at large angles

A'nt = 0 in DIS to all orders Forte, Ridolfi ‘02; Gardi, Roberts ‘02

Challenge

Determination of evolution kernel B for jet function J, at four loops
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Virtual corretions and real emissions

Soft and collinear factorization in D = 4 — 2e¢-dimensions
Bare (partonic) structure function 7,, in D = 4 — 2e-dimensions

T, combines
virtual corrections F,, (dependent on §(1 — x))

pure real-emission contributions S,
(dependent on D-dimensional +-distributions f )

frel@) = f(1—2) ], = Lo —ay ey R O —0)

k i—0 7! (1 — 33‘)_|_
Laurent-series for 7, at n*"-order
mass-factorization predicts -

soft and collinear singularities in 7, and S,, behave as -

Infrared finiteness implies cancellation of poles between F,, and S,
Kinoshita ‘62; Lee, Nauenberg ‘64

Constructive approach to 7, and S,
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Factorization of result (1 loop)

| |
| |
Q | J dLIPS(1) |
| |
| |

'le = 2Re.7:15(1—33)—|—81
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Factorization of result (2 loops and higher)

| |
| |
Q Q | JdLIPS(1) Q |
| |
| |
s FHSW)
| |
| |
O : O J dLIPS(2) |
|
| |
(]:(1))2 |
S?)
T’ = (2ReF+|FA))5(1-2)+2Re FiSi + S
7§b _ (2 Re F3 + 2 |_/?1f2‘) 5(1 — aj) + (2 Re F> + ‘.7:1‘2)81 + 2Re F1S2 + S3
7> = (2ReFi+|Fl® +2|F1F3])6(1 — )

+(2Re F3 + 2| F1F2|) S1 + (2Re Fo + | Fi|*)S2 + 2Re FiSs + S
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Quark form factor in QCD

o o ol ]

QCD corrections to vertex v ¢, i.e. T'y = ieq (@, u) FQ7, as)
gauge invariant quantity
infrared divergent (dimesional regularization D = 4 — 2¢)

Form factor 7{Q?, ;) exponentiates Collins ‘80; Sen ‘81; Korchemsky ‘88; Magnea,
Sterman ‘90; Contopanagos, Laenen, Sterman ‘97; Magnea ‘00 (long history)

o O
0Q)?

Renormalization group equations for functions G and K

2
lnf(QQ,as,E) — 1K(ozs,e)—l—%G(%,(}zs,e) :

“ 2

all Q*-scale dependence in G (finite in €)

pure counter term function K (contains poles in 1)

€
Cusp anomalous dimension A governs evolution for G and K
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Exponentiation of form factor

Solution for In F(Q?, s, €) in D-dimensions
boundary condition F(0, as,e) = 1

2
ln}"<Q—2,as,e> =
i

Q% /u

1 d¢ s / d\  _ . o
5 0/ 5([((@8,6)4—(}(1@({” ,as,e),e)—i—! 714(&()\,& ,e)))}

use running coupling in D-dimensions from

A(%au,as,e) = —ea(M s €) — Bo@ (A, s, €) —

boundary condition a(1, as, €) = as

Upshot

Generating functional for Laurent-series in ¢ to all orders
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Solution for form factor

Result
Result up to four loops in terms of expansion coefficients of A and GG
11 11
u= gt g,
_ 11l e 11 _ Tl a2y _ 11
J 3 < Aj 33 A1 (2G1 — Po) + 3 (GT — A2 — 2B0Gh) 1 €G2
1 ]. 3 ]_ ]. 2 ]_ ]. 2 2
F3 = _EE_6A1 - 1_66_5A1(G1 — 50) - mejAlel —9A2 — 2750G1 + 860)
N Hlélgifi@G? — 945G — 181G + 431 A1 — 1860GT + 1680 A2 + 248;G1)
+ii(9G G2 — 4A3 — 66:G1 — 2460G )—llG
79 62 12 3 11 02 6 ¢ 3
.F4 —

Expansion in terms of bare coupling a2 = o /(47)

2 b b\ QY
Fltal) =1+ 3 () (%)
=1
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Solution for form factor

Result
Result up to four loops in terms of expansion coefficients of A and &G
11 11
R VR R B
11 , 11 11, 11
.FQ — §6—4A1 §€—3A1<2G1—60>+§€—2(G1 —A2—260G1>— ZZGQ
1 ]. 3 1 ]. 2 1 ]. 2 2
Fg — —£€—6A1 — 1_66_5A1(G1 — 50) — m€—4A1(9G1 — 9A2 - 27BOGl + 860)
— Ellleig(sai’ — 945G — 1841Gy + 481 A1 — 1860G5 + 1680 Az + 248 G1)
+ii(9G Go2 — 4A3 — 661G1 — 2450G )—llG
79 62 12 3 11 02 6 € 3
F4 —

JF2: Hamberg, van Neerven, Matsuura ‘88; Harlander ‘00; Gehrmann, Huber, Maitre ’05; S.M.
Vermaseren, Vogt '05

JF3: S.M. Vermaseren, Vogt ’05; Baikov, Chetyrkin, Smirnov, Smirnov, Steinhauser ‘09;
Gehrmann, Glover, Huber, Ikizlerli, Studerus ‘10

JF4: Henn, Smirnov, Smirnov, Steinhauser, Lee ‘16; Lee, Smirnov, Smirnov, Steinhauser ‘17 &
‘19; von Manteuffel, Schabinger ‘19
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Universality of subleading infrared poles

Universal subleading infrared poles in function GG Dixon, Magnea, Sterman ‘08

Coefficients GG,, at n-loops are composed of:
twice the §(1 — z) part B9 in parton splitting function
single-logarithmic anomalous dimension of eikonal form factor
terms associated with QCD beta function

Gi = 2B+ fi +efo,

G2 = 2By +(f; + Bofor) +efoz

Gs = 2Bg+ (fs+ Bifor + Bofoz) +efos

Ga = 2By + (fi + Bafor + Brfoz + Bofos) + €foa

f-function shares maximal non-Abelian property and Casimir scaling with
cusp anomalous dimensions

i = 0,

fi = CF{CA (% — —C2 — 28C3> + ny <—¥ + %@) }7
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Sven-Olaf Moch

9364079 1186735 837988 115801 11896

CFCX( 6561 TQCQ— Y (3 + 57 Ca + 9 C2Cs + 3952(5
-0 - 26— 4166 — T20Cs6a — 17006 — 30 2 ) )
din 3 g 2 q ) 243859
+ Ne f4,d1§j) + Crny f4’”f015:’ T CrCany f4’nfcl?‘CA + CrCany (_ 432
387922928 - 102541393 . 2216867 ‘o % s % - 27940 oy 51979 5
+i b % oz, T i fi s ) + dj? (_384+ 45344C2
_53912@_3 B %@ 19860 21;60<5 . 12316<§ . 11984C6 Ty )
Cz«gan (12223 — 157)2@ — 42?8@ + %QL + 33—2C2C3 + %4CB>
+Crry (_ 166516610 - 51361i G- %Q’ " %C‘Q
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Numerical values for unknown coefficients

q q q q
f4,dlgj) ’f4,d1§3 ’f4,nfC’F3 ’f4’nfCF2‘CA

available from Mellin moments for DIS coefficient function at four loops
Davies, Ruijl, Ueda, Vermaseren, Vogt ‘16; S. M., Ruijl, Ueda, Vermaseren, Vogt (to appear)
prediction for complete structure of e-poles of quark form factor in QCD at
four loops (all terms e % ... e 1)

Fil = Cp(—2212.840.3) +CEC4 (—1601.9 £ 0.5) + CAC% (19661.7 4+ 0.5)
d
+ CpO} (—13274.1 £1.0) + —FA (262.3 + 12.5) + Cpng (2140. + 750.)

Nc
(4)

d
+ CEC 4ny (—12800. & 750.) + CpC2nys (10320. F 560.) + n —LE (53.12744)

ze

+ Cpgng (1604.851) + CpCynf (—2304.682) + Cpng (158.0655)
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DIS coeftficient functions at four loops

Result

In” (1 — 1
() Known — d-z)

Four-loop coefficient function ¢, | -2, " G-,
— x4 — )+

1
New result for —— term
(1 —2)+

best estimate (using partial large-n. information)

cs’) = (3.874£0.010) - 10* + (—3.494 % 0.032) - 10* ny + 2062.715n7

1
(1—9:)_|_ ,best

—12.08488 1 + 47.55183 ny fl1

Sven-Olaf Moch N3 LO computations for deep-inelastic scattering — p.35



Numerical results for DIS (1)

: 1.35(
1.09 L
B 1.3k
1'08; N*LL/NLL T xf = x%° (1-x)°
1.07F ——- 7 1.25  @.-0.2, n-3
UL N°LL/NLL .25 0g=0.2, n-=
1 06: “LL/NLL o : !
.06 TN - - i
- e "1k \ ,—
. e ® - N*LL/NLL i
T>1.05F ‘ ~ - I
2 - - |
= - ;%l 15~ T 77 N°LL/NLL I
Z N -
O1.04f O - ;
i o - T 77 N°LL/NLL -
- M 1.1F
1.03F = -
1.02F 1.05F
1.011 I
7 1F
L/ i
1 -
oo b b 0.9l L I I | L1 L1
5 10 15 20 25 30 35 40 0.7 0.8 0.9 1
N X

Left: Resummed exponent G normalized to NLL for DIS plotted
successively up to N*LL for o, = 0.2 and n; = 3

Right: Resummed series convoluted with typical shape for a quark
distribution = f = z°°(1 — z)® up to N*LL
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Ratio

Numerical results for DIS

.006F 1.01F
B !
; i ]
; - ]
- = I
005 —— NLL - | (Exp G"(N) ® £)|
) - ~ .008 I
I GY (N) —— N?LL I /
C —-N°LL /'I
=Y B /
004 S i —~ N°LL I
- TTT T 7 .006 S
: _9' - /‘ [I
L0031 J(JU - /./ //
- = i 7 /
- .004 P /
- e i ‘// //
002 7T -7 /
= B " /
B ’./‘/ /
;/' /
- 7
- .002 oad
.001F -
17Hl‘HH‘HH‘HH‘HH‘HH‘HH 1 I N ‘ I N ‘ I N
5 10 15 20 25 30 35 40 0.7 0.8 0.9 1
N X

Comparison between large-n. approximation and exact result at each
resummed order for a; = 0.2 and n; = 3 light flavors

Left: Ratio for DIS resummed exponent G as function of Mellin-N

Right: Ratio for resummed series convoluted with typical input shape
rf = 2"°(1 — x)° plotted against x
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(al c2(?c)1 ® f)/f

Numerical results for DIS (111)

]

1.6 xf = x%° (1-x)° ':'l

1]

1.4 04=0.2, n_=3 l,'

1]

1.2F oo . il

2 £

g [ LTI 3 I II
0.8

E\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\l\\

—
——

— —

o) ey -
_0.2:\\\\‘\\\\‘\\\\‘\\\\ _0.27\\\\‘\\\\“““““
0.6 0.7 0.8 0.9 1 0.8 0.85 0.9 0.95 1
X X

Left: DIS Wilson coefficient c;‘*; convoluted with input shape « f with

successive addition of plus-distributions Dy, = In"(1 — z)/(1 — z)4
starting from highest term

Right: Same with the successive addition of the DIS [V-space logarithms
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c,”) ® f)/f

Numerical results for DIS (1V)

1.4F 3C :
B [ xf = x°° (1-x)° ,,-
1.2j 2'5j ']
i E L o0g=0.2, nf=3 "
- h 2 —-9 towers "'
B ® - —-8 towers I
0.8 - /!
i o - 7 towers i
B g 1.5 N [
- O B 1
0.6f - —-N°LL :
- VR -
B ] =
O.4j = lj
i R
O.2j 0.5;
0k= B
: 07 .
_0.2’\\\\\\\\\\\\\\\\\\\ A I AN EN AN A AN A
0.8 0.85 0.9 0.95 1 0.8 0.85 0.9 0.95 1
X X

Left: Successive approximations of the five-loop coefficient function c;5;
by large-N terms illustrated by convolution with input shape z f

Right: Corresponding results for effect of higher terms beyond o
obtained from tower expansion up to nine towers and from exponentiation

up to N*LL accuracy
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Summary

Determination of strong coupling «s at 1% precision requires QCD
radiative corrections to evolution equations at N°LO

Matrix elements of local operators of twist two

non-singlet anomalous dimensions ~'¥-* (V) (fixed Mellin
moments and exact results for large-n.) at N°LO

quartic Casimir contributions to singlet anomalous dimension vff) (N)
at N°LO

Quark and gluon cusp anomalous dimensions
generalization of the lower-order ‘Casimir scaling’

Phenomenology for DIS

(1) down to

new estimate for four-loop coefficient function c; (1—56)
— )+

resummation to N*LL accuracy
N3
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