Gawy Loopfest 2026
‘r;é' The Charm of Charged Currents

7 Martin Link The Charm of Charged Currents

UNIVERSITY OF

0),43(0)23D

Pushing massive DIS to NNLO

in collaboration with F. Caola and G. Gambuti

Image from Icons by flaticon.com
www.bnl.gov/eic/ Freepik



Loopfest 2026

%) The Cham of Charged Currents The precision microscope of hadron structure .

UNIVERSITY OF

OXFORD

Quark Discovery @ SLAC Sea and low-x restraints
Future of DIS @ EIC
via Bjorken Scaling ‘ @ HERA ‘ utu @

Images from Ql-l-\\o £
hl.desyde/ NATIONAL ACCELERATOR LABORATORY \

www.bnl.gov/eic/
wwweé.slac.stanford.edu/
https://www.hep.wisc.edu/zeus/




Loopfest 2026

Martin il rged Currents PDF bands are a bottleneck

UNIVERSITY OF

OXFORD

NNPDF4.0 NNLO Q= 100.0 GeV

1.0 -
. 9/10
SUy
0.8 - d,
=t S
0.6 - 0 0 U
~~ d
/0 C
0.4 -
0.2 1
0.0 | . |
1073 1077 1071 109

Figure from NNPDF Eur. Phys. J. C (2022) 82:428



Loopfest 2026

MartinLink o Why CC DIS?

UNIVERSITY OF

OXFORD

CC DIS

gives special access to
flavour structure

Run: 350749
Event: 733336856
2018-05-20 00:27:36 CEST

Image from https://atlas.cern/Updates/Briefing/Advanced-Particle-Tagging
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*LO: slow rescaling =" — (1 + QQ) ")

* NLO: Known analytic result [1]

* Exact NNLO is known numerically [2]

» Asymptotic results Q% > m;
up to N3LO are available [3]

[1] Gottschalk, Phys. Rev. D 23 (1981) 56

[2] Jun Gao, JHEP 02 (2018) 026 [1710.04258]
[3] Blimlein et al, Nucl. Phys. B 820 (2009) 417
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*LO: slow rescaling =" — (1 + QQ) ")

* NLO: Known analytic result [1]

— Q% = 10000 GeV?

* Exact NNLO is known numerically [2]

» Asymptotic results Q% > m;
up to N3LO are available [3]
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— (27)64 (D) Real emissions Virtual emissions

— Relatively easy PS integrals, easy divergence cancellation

Icon by Freepik
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Martin Link The partonic cross section
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{ +4 others ‘
Hard div. cancellation

— (27)d4 (D) Real emissions Virtual emissions Very hard PS integrals

— Relatively easy PS integrals, easy divergence cancellation — Need more technology!

Icon by Freepik
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R Mot Link Flavour structure at NNLO
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e e Charm, IBPs and reverse unitarity
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e e Charm, IBPs and reverse unitarity
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Vi
R1
. l 4 VVy
= - - -
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RR,
: \‘: af m m . ) i.;' . )
VB[1™, 0,1, 0,1,,2,,0] “'\l;”' e 1o de 1y 0,2) HNP[0, 17,1, 1,,1,, 1™ 1] RR,
T i IJ-'H
VB[1™, 0,270, 1. 1., 0] VNP[0,0, 1, 1,17, 1,17"] HNPIO, 17,27, 1, 1e, 0, 1]
VB[2™, 0,20, 1.1, 0] RR,
:; I[ ?‘@ | K BT , , o dz
VNP0, 17, 1, 1., 1, 1%, 1] VAPl 0,1, 1,1 1., 1] VNP1 0, 1¢, 1, 1%, 1, 17] S LOOk at leadmg SlngUIarltleS
< — W
” » . . .
Choose a "good” dot basis and dimension d to start
-1- 1T 111 “’“’“ﬂ First focus on hom. system
HB[1,1,1,,1,,1™ 1™, 1™ * _ ' ; _
| <] VBpq[le, 1,1, 1,1™, 1™ 17 VBpa[l, I, 1, 1, 1% 1™, 1™ VBpq[le, 1™, 17,1, 1™, 1,.,1] o b
1X subsectors
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(p+q)?

v Start with basis (f, 0w f)

I m
2x2 system 1In w =

Tancredi et al, [2503.20655] and [2604.25270v1]
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. m2

E_ et o= (o i) v00) S
v Start with basis (f, 0w f)

Solved in terms of Wronskian W (w)

]
N\
SRS

o~ O

Tancredi et al, [2503.20655] and [2604.25270v1]
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2

L Ry Y 0t = ((of) ) TOO) S
. Start with basis (f, 0y f) a(w)  fw)

Solved in terms of Wronskian W (w)

]
N\
SRS

o~ O

Tancredi et al, [2503.20655] and [2604.25270v1]



Loopfest 2026
Martin il rged Currents Canonicalisation of 3-mass-sunrise T

UNIVERSITY OF

OXFORD

2

2x2 system in w = e 5 B 0 1
v 0= (o ) *00)

Start with basis (f, Oy f)

Solved in terms of Wronskian W (w) = <

wi (w) =a(w)w;(w) + Bw)w;(w)

- Can solve this DE in terms of rational

function and logarithm

Tancredi et al, [2503.20655] and [2604.25270v1]
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2

2x2 system in w = e 5 B 0 1
v 0= (o ) *00)

Start with basis (f, Oy f)

Solved in terms of Wronskian W (w)

]
N\
SRS

o~ O

wi (w) =a(w)w;(w) + Bw)w;(w)

W (w) = W™ . W
f )K - Can solve this DE in terms of rational

rational 1 log
0 1

function and logarithm

Tancredi et al, [2503.20655] and [2604.25270v1]
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m2

AN Ry Y 0t = ((of) ) TOO) S

Start with basis (f, Oy f)

Solved in terms of Wronskian W (w)

]
N\
SRS

o~ O

i (w) =a(w)w;(w) 4 (w)w;(w)

W (w) = W™ . W
f )K - Can solve this DE in terms of rational

rational 1 log
“\o 1

w

function and logarithm

‘ gz(kéu) ?)-Diag(e,l)-(wss)—l.f

1S canonical

Tancredi et al, [2503.20655] and [2604.25270v1]
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2

2x2 system In w = e 5 B 0 1
v 0= (o ) *00)

Start with basis (f, Oy f)

Solved in terms of Wronskian W (w) = <

w! (w) =a(w)w;(w) + Bw)w, (w)

W(w) = W* . W ) .
f )K - Frobenius exp. at singular points (MUM)

locally rational locally ~

1 l()g _ 1s the best we can do

0 1

4 A s . . . \
1 0 1 Leaves us with one implicit function wq(w)
g = (k(w) 1) ' Diag(e, 1) ' (WSS)_ ' .f

1S canonical

\_ J

-

g (or Frobenius expansion) for hom. sector )

Tancredi et al, [2503.20655] and [2604.25270v1]
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VB[0,0,17, 1,17, 1™ 1]

VBI0,0,1™,0,1™, 1™, 0]
VB[0,0,27™,0,17, 1™, 0] VBI[L,0, 17", 0, 17", 17, 0]
VBI[1,0,27,0,1 1", 0]

VBpq[0, 1™, 1™, 1,1™,0, 1]
, o VBpq[0, 17, 2™, 1,1™,0,1 o k
VBI[1,0,1™,0,1™ 1™ 1] pa| | VBpq[1,1™,1™,1,1™ 1, 1]
VBpq[0, 2, 1™,1,17,0, 1] '

VBI[L,0, 17,0, 2", 17", 1]
VB[1,0,2™,0,1™,1™ 1]

We need another implicit function to make the coupling to one supersector canonical

Define two-variable function via its differential (in terms of wyq)
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df =€- Y dW;A;- f 3
- 3 f—Pexp(e[ydA)-fo

45 1ind. kernels

(6%, me/ Q%) (Yr, M/ Q)

(52, 0) Yy

m;
yrzl_(1+Q2>CU

Base point is threshold 4+ massless
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%g Martin Link B O U_n da rie S
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df =€ - dW, A, - Need to fix boundary
d Zj: 3 / szexp(e/dA)-fo -
ol

45 1ind. kernels

2 m2
mg/QQ f(y?“7 QQ) — Z ZE y;n ln gkml(Qg>

k.m=0 1<k

Approximate close to base point

(0%, mz/ Q%) (y,, m2/ Q%) AMFlow PSLQ

weight 1: 7, In(2),

weight 2: 72, In(2),

weight 3: 73, 72 1n(2), In*(2), (3,

weight 4: 7%, 721n%(2), In*(2), Lix(1/2), 7 (3, In(2) (5.

(6%, 9) Yr
Base point is threshold + massless 2 Everything but RR; in terms of GPLs
yr = 1 — (1—|— Qg):zj
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Now expand right away:

Z (wo) (3y — 1/9)™
Gse(w, 2) Z o) (2) (w—1/9)™ % >‘<

B To evaluate not at threshold, need expansion there

2 2
i (yr, Q2> — Z Z m ln ) 8k.m.i (g§> . Generally possible along the same lines, but:
m=0 LSk T Constrained by the MUM points w =0 and w = 1/9

Now itself becomes Frobenius

BB Expansions in the massless and the threshold region

AMFlow PSLQ

sufficed for our purposes

- Everything cancels, apart from /37
We don’t unc

erstand why
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2 Mardn Link Diagrams to matrix element
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FW+ JNNLO FW+ ,JNNLO ZEbJ FW+ JNNLO
2,c L,c 3,C
20 : i : [ ]
,\ = r 7 | i
S - 1 80 - — Q% =25CeV? ] - ]
oA O g — Q*=100GeV* o-
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i - N 2 - L -
~20 - A Q" = 10000 GeV® 50 i
™ - ~ i i i
ﬁ _40j — Q? =25GeV? zoj - i _100; — Q? =25GeV? i
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