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Semi-Inclusive-Deep-
Inelastic-Scattering 2k

process

DIS + one final state hadron observed T (P)
Important tool for extracting PDF’s, TMD’s
3D tomography of the proton
LEIC




t Gehrmann, Bonino,

Is needed:

o

= 2 loop virtual é LLong Known

> | loop + 1 real

<+ 2 real é

State of the art

Recent NNLO calculation of SIDIS cross-section:

| Ravindran, Sven-Olat Moch, Roman Lee, Saurav Goyal, Vaibhav Pathak, Narayan Rana *24

Stagnitto, Schonwald, L.ochner ‘24

Our Focus




R e " N AT P TRt R . il P . o il T - I . Rl TG s W TR NN ™

Goal: Galculate Phase space integrals
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Reverse Unitarity

Anastasiou, Melnikov 2002

Real Emission Diagrams =9 Loop Diagrams

Reason: Apply IBP identities

Multi-loop Feynman Integrals in dim reg are convergent

4

Boundary terms = O = Relation among integrals

e
Master Integrals
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Methods

<= DE Method (CGanonical form, Iterative solution) Henn 2013

<= Radial - Angular Decomposition (RA é Focus




Demonstration: Example

1

/ dPS;
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* Spherical coordinates
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6 Angular




Angular Integrals

Somogyl ‘11

Lyubowitskij, Wunder, Zhevlakov ‘21

General two denominator case in Neerven parametrization:

1
dQq_ _
/ ““1(a + bcosb, Y (A + Bcostl + Csinfycosby)!

General two denominator case in Somogyi parametrization:

1 1
— [ dQ,_ .
““p1-q)(p2 - q)

dAl
We categorize it

L2 12 A2 . R2
Massless: a = b*, A* = B p1=(1,04—2,—2) , p2=(1,04-3,—%,— %)

Single massive:a2 — b2 or A2 = 82 -+ C2 q=(1,...,sin01 cosf,,cosh)
Double massive:a® # b?, A*> # B* + C?
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Mellin-Barnes lechnique

Taushif Ahmed, Syed Mehedi Hasan, AR , ‘24, arxiv: 2410.18886v1

Angular Integral

Three denominator massless

1
(p1- gy (p2 - q)2(ps - q):

/de—l(Q)

p; =(1,0,0,1)

pé”:(l,O,sinxél),cosxél))

x3(2) sinx3(1) , cosx§2)

(1)

psy =(1,sin sin(xél) ),cosxy

q" =(1,cos03sinO3sin01,cosO>sinf1 ,cosb))

Haug, Wunder ‘24

)

* Mellin-Barnes representation

1
FG)F(KFNM2 -5 — k—1—2¢)

/+i00 d212 d213 d223
X :
(27i)3

Xr(/—|—213—|—223)|_(]_ j k—I—e¢ 212—213—223)(u12)212(u13)213(u23)223

4

Expand 1n € + solving the coethicients

22—j—k—l—2eﬂ_1—e

[(—z12)[ (—213) (—223) (j+z12+213) [ (k42124 223)

— 00

10




Mellin-Barnes lechnique

Four denominator case:

Taushif Ahmed, Syed Mehed1 Hasan, AR , *25, arxiv:25038.15952v1

Haug, A.Smirnov, Wunder ‘25

1l
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Mellin-Barnes lechnique

Gamma functions — Beta functions

M(a)r(b)

L) = (a+ b)

Real integral representations:

B(a, b) = /01 dxx® (1 —x)*~t,  R(a),R(b) >0

B(a, b) = /OOO dox® Y1+ x)""b R(a),R(b) > 0

152




we get:

o P

Mellin-Barnes lechnique

13




o P

Mellin-Barnes lechnique

Use the formula:

+100+29
/ 92 pz _ §(1— A).

—iOO+Z() 27TI

Then:

/0 ( H dxk) Ro(x, u) H 0 [1 — Ry(x, u)]

[=1

14

A >0




Mellin-Barnes lechnique

P

Real Integrations over rational functions — Multiple Polylogarithms

(MPLs):

G(al,...,an;z) Z/ a
0

I — a1

15

G(ag, ooy dp; t)




Goal: Combining Radial + Angular

| Result in terms of GPLs or M Pl.s

4

~ Angular part GPLs manipulation é Pole Subtraction Method

4

Singularity Resolution

16




Angular Part: Singularity Resolution

Why can we expand the angular part?

= Angular part = Collinear Singularities
- Parametric part =9 Soft Singularities

o

Conjecture:

Angular part soft singularity =9  All order Resummation + Factorization

Conjecture Verification

-» NNLO SIDIS

1




Extract

-

,—1+5

Push to Radial Part
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Radial Part: Singularity Resolution

Consider g(z) singular at z = b. Then separate the singular part S(z)
and the finite part F(z) as:

g(z) = 5(2)F(z)

Next we define:

o~

F=Ilim(F(z))

z—b

So we can separate the singularity as:
b b )
/ &(z)dz = / S(2)F(2) — FS(2)]dz
a ab ]
+ / FS(z)dz

The integrand S(z)F(z) — FS(z) in non singular and fab FS(z)dz can be
iIntegrated easily.
19




Results

<= Fully analytic form 1n GPLs

o

> One-told numerical integration over GPLs

Verification through DE method * Perfect numerical agreement

Up to 82

* Useful for N°LO SIDIS

20




Advantages of the RAD

4

o

ngular Part * Universal Structure 9 Process Independent

A
<= 'Iransparent Singularity Structure

> It can handle Massive cases

o

2l




Conclusion & Outlook

o

> Solution of NNILO 2 real SIDIS MI

o

> DE and RAD methods

o

- MB 'lechnique for the Angular Part

o

- Iransparent singularity structure in RAD

<= RAD can handle Massive Cases

20




T'hank you for listening!




