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FACTORIZATION OF THE CROSS SECTION
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In order to arrive to some factorization we need some
kinematical limits

0*> A>, Q%> qp? = fixed

0% =qg?=2q" g — Q2 CIMW”V —0 We vvogld also l|||<e to
be consistent with
transversality of the
hadronic tensor



BIG PICTURE |
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The p-scale allows to separate hard interactions from the rest.
We need another scale to divide soft interactions

There are several ways to understand this separation:

Diagrammatic (Collins), SCET, Background field method



BASICS: MODES AND EXPANSIONS

A~ qgr/Q  Expansion parameter

We have several modes, fixed by momenta

n-collinear ~ (12,1,1), i7i-collinear ~ (1,47, 1), soft ~ (1,4, 1)

ot ~ (A% 1,0, oFp ~ (1,04, 1), oM ~ (4,4, )P
AY ~ (A%,1,1), AY ~ (1,02, )), AY ~ (A, A, 1)

The explicit Lagrangian formulation differs slightly among authors in the literature:

* SCET (Becher, Neubert; Echevarria, 1.5, Idilbi; Chiu et al..., Ebert et al, 201 [-2022),
* Background method without soft modes (Vladimirov, Moos, 1.5, 2022),

e Background method with soft modes (Del Rio, Jaarsma, I.S. ,Waalewijn,
arXiv:2507.03072).



BACKGROUND FIELD METHOD

' (Vladimirov, Scimemi, Moos, JHEP 01 (2022) 110). BFM is an extension of QCD |

'A which is recovered when dynamical fields vanish

|¥) = YI¢: ¢; ¢]]0)

l‘[ Dynamical Fields

This statement however must be refined:
Naive calculations of collinear modes overlap. We need to understand zero-bin
subtraction to define TMD
The zero-bin subtraction is rapidity-regulator dependent
At LP we partially include soft radiation into TMD definitions to set it free of rapidity
divergences
At NLP we find also special rapidity or endpoint divergences: Their cancellation is
achieved at the level of hadronic tensor



SCET proves that different modes do not interact at the Lagrangian level, based |
' on the “method of regions” (Beneke, Smirnov). The basic concept is that every |
| perturbative integral can be reconstructed as a sum of integrals that contain

only fields of a single mode.

|V) =P, d; 0110) = [P ) [P ) [Py)

This statement however must be refined:
Soft modes are explicit
The zero-bin subtraction is rapidity-regulator dependent and related to soft fields

At NLP we find also special rapidity or endpoint divergences: Their cancellation is
achieved at the level of hadronic tensor

The NLP is currently achieved using label formalism in momentum space (Ebert, Gao,
Stewart, JHEP 06 (2022) 007)



BACKGROUND FIELD METHOD WITH SOFT MODES

The only way to check the agreement Is to introd

(
,1
L

_

N\

| T) — ‘P[qb, ¢; ¢; ¢] | O> | Dynamical Fields

What we discovered:
zero-bin subtraction can be associated with soft modes explicitly (like in SCET)
TMD definitions at LP agrees with literature

At NLP we find also special rapidity or endpoint divergences: The cancellation of these
divergences is achieved at the level of matrix elements (l.e. without evoking a
cancellation between collinear and anticollinear sectors): we have a proper definition of
factorized higher twists

The agreement between BFM and SCET at the moment is valid only at one loop. It
should be checked at higher orders

Pheno: jets in final states



All fields are re-written is its components
w=y+y+yte, At = A"+ A"+ A"+ B* .

This produced a sum of terms for the QCD action with replicas for
each mode

SQCD[II_/, Y, Al = SQCD[II_/, w, Al + SQCD[l/_/, W, Al + SQCD[U_/, Y, A]+SQCD[§D, @, B] + Sint[Qba O, By, Asyry, Ay, Al

All connected graphs are deduced from

eiSeff[i,w,A;‘ZﬂP,A;TZ‘4”!5«4] — BISQCD [’l/;,’l,/),A] eISQCD ['(Z,’Qb’A] eiSQC‘D [Vl/’_‘)ﬂr’/}v/jl]

X ‘/‘ng D(p DB eiSint [‘»5,90,3;15,%14;1;,%14;";’w"b,:”?’wA‘fi] eiSQCD [95’9073] .



BFM+S CURRENT OPERATOR

G (22,
LP :> NLP < < < < @/<
GANG)

Quark

Step |: current power expansior J0) = [70)]® + [740)]*? + [740)]® + 03"

[JE(0)] ) ~
_ 1 | 1
B 0) = ¥ — _ +
J(0) = 9y [1 8—A —l—gd A" 9. A~ +ga+A ]¢+(n<—>n)

P ig- 1
—|—g{—n”¢<A igf )18+¢ nﬁ%( . —12/1 >18+

- | (- 10/ ) 107 1 ig. (idr)?  _\ 1

12 f/-l-/ﬂ)w A ) gy /§ A _ oT) 7 };— S
WyT( T (1() ) ), 18+¢ pryT(l() . (i0—)% )i8+¢
. 1) — = — At )| —
2¢ (AT i0+ )ié? | 2¢ T (AT i0+ 1(9—¢

+ (n ¢ n) +h.c.} +0(g% N2
(G, k1
(8- )Icf( y) = T(k) Ji dw+(w ) T fly+wth),

k—1
(B}r)’c (¥) = (I‘l()k) /de (w’)k_lf(y-i-w_n).
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BFM+S CURRENT OPERATOR

Step | l: Wilson lines insertion (we use o-regulator)

o T/ vt [- ) Y. "7
" : 27 WHP, Ag - WT [iD%, W] ’ Wn = by?L'L'D’ Afl)n — 572 LlDlj *SnJ )
— . 4 " " - q'i' ‘ -
x =1 oA Wiy, Ab. = W[iDg, W] V= Sp, Af. - = S} [iD%., Sa] .
2 , ‘

Step lll: hard coefficients. C-,P-, T-symmetries, RPI, current
conservation,

N |~]

impose relations among the hard coefficients..
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BFM+S CURRENT OPERATOR

Hard coefficient Soft WL
2 _ - e -
LP [Jeff(o)]( ) = (7 ) af /dy+ dy~ Cq (y+a (7 ) Xa (y+n) S, Sn X,B(y TL) + h.c.

Fermion+WL Fermion+WL_L

NLP [740)]® = —n# / dy* dy~ Cuy*,y) xyh) 5, ;g;zx(y—m

o (’Y{I;)QB / dy+ dy_ Cl(y+’ y_) )Za (y+,ﬁ’) ’“S,‘i) ‘LS‘I’"} ‘N

10~
/dyl dy2 dy 02({y]-_i_ay;-}a )

X (:; = igi)i(yfﬁ)flfr(y;ﬁ) S} x(y™n) /\/]gny Ofthese
- —(v%v%v%)aﬂ / dy+ dy~dz* Cs(yt,2t,y™)  contributions are zero

X Kol ) S1,S5 L g, (2 (247 Exatyn) when evaluated on states

1 _
- —(7&‘«7 7§)a5/dy1 dyy dy~ Cs({vi v }.v7)

X Xa(y17) 5155 A5(y™) 5150 = xs (i )
+ (n < A) + h.c.

12



BFM+S: HADRONIC TENSOR (UNSUBTRACTED)

NLP: Y6 _ (_ﬂ) (K /db+ J— /db— e
)| @z

(27)?2 2 27
Kinematic PC X (Blas(i)s [ Ay dy™ Cry*y) [ ast dam 1Y, 20)

X (P| Xia(br +b7n+y n) | X)(X]|x1,5(27n) |P)
x (0[i07.x;, ﬁ(bT +b"n +y"n) |p, X)(p, X| Xk y(2TR)[0) <K

x<()\@s 2 (b7)] \\)A\j%‘b” 1;\

[WMV] (3,2) = _ﬁ’_u / d*b e+iQT'bT /db e+lq b+ /db_ +igtb™
En q- (27)? 27 27

NLP:
X (V) ap (V1 )6 / dy"dy~ Ci(y",y) / dz" de” Ci(27,27)
Soft gluon PC % (P| %ialbr + b + 3 0) | X)X x14(2~n) |P)
X <0|xm(bT+b+ﬁ+y+n> |p,x><p,xw>zm<z+m|o> NEW!
x (0] [S 1S, AL (br)) XX [S1S; 0)],,10), <&
A6 _ (B A e [T e AT iy
NLP- iR —(q—+‘_—) @’ b /271' e /27r e
) X (V) ap(VF) s / dy~ dy; dys Co({v7 93 },v7) / dz~ dz* Ci (27, 27)

Genuine PC X (P| s albr + b7 +y™n) | X)X | x1,5(z~n) | P)
x (0] [AZ(br + b7+ yy a)x(br + b0+ y{B)], 4 [P, X) (P, X| Xiy (277) |0) <€—¢K

x (0] [S1Sa(bT)],; 1X)(X]| [S],83(0)],, 10}, 13




SUBTRACTION METHOD STEPS

» SPLIT THE COLLINEAR BACKGROUND FIELDS UP INTO A PURE
COLLINEAR FIELD AND A BACKGROUND FIELD THAT
CONTAINS THE OVERLAP WITH THE SOFT REGION.

Sqcple+ @] = / d% { )(1& + gA(x) + oAl ))zb(x)-l— () gA(x)Y(x) + ¢¥(x)gA(x) z,'.~(}.y)| + field strength + Sqop[¢]

» REDEFINE THE PURE COLLINEAR FIELDS SUCH THAT THE
EADING-POWER INTERACTIONS WITH THE OVERLAP
BACKGROUND FIELD ARE REMOVED.

W= Syt Al — S,AF"S, + A

» SEPARATE THE COLLINEAR MATRIX ELEMENTS INTO PURE
COLLINEAR AND

» INVERT THE RELATIONS FROM PREVIOUS STEP TO OBTAIN THE
PURE-COLLINEAR MATRIX ELEMENTS.
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FACTORIZATION AT LP

TMD definitions free of rapidity divergences

~ P|Xialbr +07n) | X) (X|x: '
[f;?ﬁe(x,bT,C)]da_/(;b gy (a1 1) >< 'X oo s
m \/S )1 Q(()
[Dbal,rle(z br E)] :/Ee+ib+q_ <O|X'é,ﬁ(bT+b+ﬁ) |p7 X> <an|>2i,’Y(0) |0>
7 R R medip 5 5 5 2 ’
v A \/S(br, (6= /a)2)

TMD factorized hadronic tensor

1 d?br ., .
] (2, 2) Nc ("Ygﬂ)aﬂ(’)'fllj“)'yé H1(q2) ﬁ 61bT qr

X Z{ [}—q,ll]aa [D‘Lll],@fy gl [Fq’“]ﬁv [DQ’H]‘SO‘}'

Wir(@) = We

sub.
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SUBTRACTION METHOD AT NLP: KINEMATIC PC

Useful identities: soft factor vs CS kernel (K) and combining terms..
Share(pn 26T67) = exp [Kbare(bT) log(26767) + Sbare(bT)]

4P %Y.L.I,,n‘(‘ / gz ..) )/ gji are A ’ A2
5,00 _ 050580 _ gy ma( 2)

N 2D 'hare / /
Soare(p, Ad) Sbare g\bq-. Aj) A2

..one obtains the kinematic power corrections. Here only derivatives of LP

functions appear

Wi p(a) = e 182 4 e 122)

= — o [P OR)aa0)s + 1 OR)an)s] (@) [ 07 e

i |
< {0l Pasi), + 50T (§) ] [Pai,

1
e [apf(j,ll]ﬁ,y [Dg1);, + 5 0,K] ln(%) [-Fti,ll]m [Dé,ll]aa}

1 y ., 2 .
o N q [n“(’YT)aﬁ(’YT)Ws_*'n ('Yg’)aﬁ('ﬂ; 76] Hl q /WB TqT

XZ{ o 11] 5o apq,ll] 3K (%) [Fa,11] qll

i [*7:6,11]/37 [ade,ll] 8 K 1n(%> q, 11 q11 } 16



SUBTRACTION METHOD AT NLP: ENDPOINT DIVERGENCES

[Fgeve(z, £, br)], = / by b Pt ez Pt Higher twist operators have also ED

21 27
x (P [x(br + by n)AZ(br + by n)], , |X)(X | xi,5(0) |P).
ED appear already at LO T
B3z, 6, br)] e = a, L0(~ [ oy —2(1 + €x) L -]
[F3r e (0, €, b)) 5., _asb% (—&z) |vevpy = T 5_i5+/$P+’Y .

ED are due to soft gluon limit of tw3 distributions. They overlap with

0.S . db; dby —i€xb; —1 - — —
(155" (@,6,br)] g, = P+ [ G G2 P oY (P by + b)) (X 50) )

x (0] 818 (br) AL . (b1 + b3 n) | X) (X| S154(0) |0) .

LO

ED cancellation check LO Jimn ([Fz“fi"e(x,g,bT)]?f — [F$*(z, &, br)] M) —0,

The final contribution to the hadronic tensor is
/ d¢ Hy (€, Q?) (Fgllaive(a:, £, by) — FOS(x, €, bT)) D11 (z, by) = finite.
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SUBTRACTION METHOD AT NLP: GENUINE PC

Bavig R aours] .
dby dby _
—e

| X) (X x:,6(0)

i [

2w 27
w3 contributions

igby g o —i€b; ¢ { (P| [X(bT +by 1) Ap(br + b—n)]
\/5 br, (61 /q1)?)
(P| [x(br + by n) VT]i,a

|1 X) (X1 xi,5(0) | P)

subtractions happen in 2
steps

1
X Nil {< ‘ (7“

Wenee(@) = Wea,
nH

Nc [q_

w3 contributions to
: = []:q,ll]a
the hadronic tensor ; [

n’ n

N¢ [ g~ Cfr

XZ{ q12

](3 2)

= fo] (Was0f s [ a6 Hole, )
& Z{ [}.q,ﬂ]aa [

-Dq 21]5

5

\/S(br,C(6F/q)?)

STS

Mn }l

Su(br) A%, (br + by n) | X) (X]|

(0)[0)] }

+ i
d2by
(2m)?

[Dq’ll] do

6le qT

Dq,ll] By o []:@21],87

— [Faulp, [Paai] o b

(%) ap(L)+s / de H: (€, ¢) / d2bT

q 11 By [.Fq,12,] By [D(j,ll] da

le ‘qT

+ [Fa11 5, [Dg,2] By~ ['F‘f’“]ﬁv [Da12) 50‘} ’

I
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COMPARISON WITH LITERATURE

[f;%lie (Z‘, g’ bTa g)] & L B )
— 1q+ / db_l_ % e—ifbl_q'*' e—i-sz_q+ { <P| [X(bT = bl 'n/)AT(bT fpe b2 n)] ' |X> (Xl X’L,(S(O) |P>

2 27 \/S({")T, C(6t/qt)?)
. . & - p '
Tw3 COﬂtI’IbuthﬂS B (P [X(bT + b3 n) ,YT]i,a | X) (X]| Xz,d(o) |
. . S(br.C(6T /a7
subtractions happen in 2 | AR, |
Steps X \/11 {(U SxSn(br) AL, (br + b3 n) | X) (X| S1S(0) \(‘)ﬂ }

Rodini, Vladimirov Phys.Rev.D | 10 (2024) 3, 034009

<I>££]12(:B1,:B2, x3,b) = ‘1)5,112(-’1317 T2, T3,b) - [R12 @ q)ll]g‘] (21, T2, T3, ),
@E]zl (1517 ZXo,T3, b) = (I)g:]zl(IEl, Ty, T3, b) - [RZ] R (Dll]g‘] (xl, T, T3, b)’

where R are kernels that could be computed perturbatively, and ® is an integral convolution.

The subtraction term Is not associated with any matrix element, it 1s observed that the kernel s
related to derivative of the CS kernel and deduced from their previous work at one loop JHEP 08

(2022) 031.In our approach all subtraction are defined using matrix elements and not evoking
special a cancellation among sectors

19



COMPARISONS WITH LITERATURE

SCET (Ebert, Gao Stewart JHEP 06 (2022) 007) uses label formalism and a series of intermediate
matching (hard, hard-collinear, hard-anti-collinear..) so that some operators in the current are
different (I.e. inverse derivatives do not exist in label formalism). Most of these operators are related
to soft modes and vanish at the level of hadronic tensor, however the Wilson coefficient of soft
interactions agree with us only if hard coefficients and CS kernel (%) are related by

H,(&,0%) = Hi(0%) + [H, @ H|(&,0%) + 6(¢)

This relationship holds at one-loop level.

20



PHENOMENOLOGY

e(?)+ h(P) — e(’) + Jet(p) + X.

Jets are mostly perturbative objects (within some percent), they
have also a calculable power expansion with tw3 operators (del
Castillo, Jaarsma, Scimemi, Waalewijn, JHEP 02 (2024) 0/4)

do

x Leading power.

_ogny J2-2y+y @ 22-yWI-y 4 peosss
drdydéd;ddsde? ~ 8Q? y? y? SR

QM ; sin , 2(2_y)m : : -
+ Ae - sin gy Fi g *7 + 32 sin ¢ @ x Studied in the paper..

2 — 2y/1 —
+ e l ” " ycos¢JF£%S¢J)]

2—2y+1y? . in(é;—
#1501 [P in (9, - gsfring

2(2—= - sin ; sin —
+ 22ZUVI Y (in (55) B89 - sin (20, — ) FR27 "SS’)}

2 — Ccos —

L— Ccos Co! —
Y (COS (¢S)FL§~(¢3) + cos (2¢y — ¢S)FL7§(2¢J ¢s))] } :

<
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PHENOMENOLOGY

Fach form factor i1s a product of a TMD and a jet observable |.e.

Fyuz = Jo00|f1J11] » Leading power.
B %‘ll{jo,o [f1Ju] + Fi1[frd1] x Studied in the paper..

+ Re (\71(’21) [f1J21]) + Im (jl(,21) [fz'LJn]) } )

Fip* =2 (7 1510m]) ~Re ({700 |

2|q
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PHENOMENOLOGY

x =0.05

0.15

0.1 — Boer-Mulders Model

& — Sivers Model
>
&}
o3
=
£ 0.05
S
H
0 ...............................................................................................................
-0.05
0 0.5 1 1.5 2 2.5 3
lg| [GeV] |g| = 2GeV
1p — Boer-Mulders Model
— Sivers Model
=
3
oy
505¢
2
0 ......................................................................................................
101 1079 0.01 0.1

23



CONCLUSIONS

» THE STUDY OF NLP CORRECTIONS TO TMD FACTORABLE CROSS SECTION
HAS JUST STARTED AND IT IS OUR PRESENT FRONTIER. EIC AND
EXPERIMENTS OF SIMILAR OR LOWER ENERGY MAY BE STRONGLY AFFECTED
BY THEM

» WE HAVE PROVIDED AN OPERATORIAL AND OPERATIVE DEFINITION OF
CURRENTS AND HADRONIC TENSOR IN SIDIS. EXTENSION TO DY AND E+E-
IS STRAIGHT IN BFM+S.

» THE ZERO-BIN SUBTRACTIONS OF NLP TERMS CAN BE EXPRESSED IN TERMS
OF SOFT MATRIX ELEMENTS. THIS FACILITATES THE NONPERTURBATIVE
ESTIMATES OF ALL MATRIX ELEMENTS AND EVOLUTION COMPARED TO
PREVIOUS RESULTS

» HIGHER ORDER CALCULATIONS CAN BE NECESSARY
» PHENOMENOLOGY FOR HADRONS AND JETS IS JUST STARTING

Thanks!
24






BACK UP
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DESARROLLOS RECIENTES: NUEVAS OBSERVABLES A NLP

Produccidn de di-jet in ete ™
Asymmetrias a NLP

—

T

\
2, A \
' 4\ c-!
CQ- E' I \ l' | WI_LI/ = _Ncgél;l/ Hl(QZ)/ db2 JO(I;ﬂl-qu J] [ (})i) Jl | (bZ)
0
l ~TI,“ . nY = o J1(|b ! 2 :
@\\‘ : FNG| " T (@) /0 db* ;ﬁ'lb'”;'l) Ji1(b?) J11 (b%)
| L i
—— v‘ E A parl ri oo
: ! L ¢ qg" 1Jo 0 27 [bl|q|

X {'JLZl(gst,) Ju(bQ) — J11(b?) Jo1 (€, bz)}

Jets de higher twist

Pictures from M. Jaarsma talk at SCET2024,
R. F. Del Castillo, M. Jaarsma, 1. Scimemi., W. Waalewijn, JHEP 02 (2024) 074
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FACTORIZATION

Semi-Inclusive DIS Drell-Yan Dihadron in ete-
aH "‘;

A physical process Is ) L
typically characterized by H% 0 0—'25%0 o %H

l Distribution

several energy scales. By P gr < Q

expanding the cross
sections Into powers of Leading Quark TMDPDFs () tuweonson (=) cuar s

ratios of small scales to Quark Polarization
| arge ones, fundamental B e
QCD distributions/ e () bt = (D) -
correlations are Unpolarized e
discovered. | 91 @I*ty—@" v w@;—@-’

— Wl
S LD & e
Sivers @ o Worm-gear hf_T. @ @




BIG PICTURE II

RG equation .
Perturbative /

/

V4
5 7 }é
g

itegrated FF

QO Perturbative

~--- =

We can also do a small-b asymptotic limit and recover collinear
distributions+5Sudakov double log resummation. This can be useful
for phenomenology in some cases.
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BFM+S: HADRONIC TENSOR (UNSUBTRACTED)

Fach current enters in the hadronic tensor..

4
Wi = [ Gzt (PLIG(0) b, X) (0, X| J(0)1P)

.and we have a power expansion of the hadronic tensor

4
)0 = [ e (P [a®] . X) (0. X (0] 1)

LP s 22) / d*b +/ i b+/db- gt
( 2w

22 o
< (Hosrs [ @y~ Crlat) [ astde G, 20)
X (P| Xia(br + b n+y ™ n) | X)(X| x1,5(2"n) | P)
<0lxja(bT +b"7+ y i) !p X){p, X| Xx~(2"7)|0)

(0] [S15n \ X X|| *> ' S7(0) ,:;;W'

Plus terms that disappear with zero bien subtraction (see later) 20



INn our case we are interested in the hadronic tensor of the cross
section

Cdh
" (2x)* et I(P|JH(b) | p, X)(p, X |J*(0)| P)

Fach e.m. current Is analyzed separately BFM+5

J:lﬁ‘ = /D(Z) D(p DB (95 + '(; + J? + &)fy“(go -+ w -+ ,l/f} -+ 1/)) eiSint [@#P,B;?E,%A;?ZM,A;‘&;‘-‘d’.«x“*] eiSQCD [95790331

*Integrate out hard modes
* Match on gauge invariant building blocks (in SCET)

* Generalize to all orders in perturbation theory
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BFM+S CURRENT OPERATOR

Step ll: Wilson lines insertion

x="15-Wwhy, Ao =wiiDg, W],  Tn=Shy, Ay, = S[iDG, Sa] ,
el Uy, = Sk AP = SI[iDf. Sx].
x=-"3-W'. A =wifipg,w). VTS ‘70 = SnliDr, Sn
] 0 o )
W(z) = lim P{ exp ig/ dyte 0"l |A+(a:—|—y_n) },
6+t —0 L~ JE
] M . o O o =
Wilson lines with W(sc)=51_ir307>{exp ig / dyt e WA~ (z +y T ) }
A L -
— [ O — | ~ ‘-
5 regt”a-tOr S.(z)= lim P{ explig | dy™ e8Iyl At (x+y n)|,
d+—0 | L 1
- 0 3
Sa(z) = lim P{ exp |1g / dy+ e~% Iyt A (x +y™"n) } .
6——0 i T i
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SUBTRACTION METHQOD AT LP

LP x— SISx+¥, " — SIS S, + A"

n nn n—n 7]
A. Idilbi, T. Mehen, Phys. Rev. D75 (2007) 114017

(P|7.(by +xp*i) | X)(X | x,(0)| PYuns bare  guns, bare,+ ,

(P|7,(by + xp™7i) | X)(X| (0) | Pysubs bare _ |
(0]S1S:(b1)S5S,(0)]0) S(b,)

All this reshapes the soft decor of the hadronic tensor

W L / %eﬁ‘”'b’f / (;b; gtia ot / d2b7; HETE _ / % o Harbr / dzl; o+ bt / dzl;_ +igth-
x (r)as (%)”‘5/ dy™ dy” Cily™v7) / de™ dz” Ci(,27) X (V) ap (V)5 / dytdy~ Ci(y",y7) / dz" d2” C1 (27, 27)
gt ! SN W (Pl Ralbr + by ) X)X x50 |P)
x (0] x;,p(br + b7 +y™7a) p, X ><p X| Xkq(277)|0) x (0] xg(br + b+ + y*7) [, X){p, X | %+ (2*7) |0)
x (0| :5’;5,,(!)7-,)1 b 910.4 bfb w1 10) + (0] [S}Su(br)] |X){(X| [S}S5(0)] |0).

l .
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SUBTRACTION METHOD AT NLP: KINEMATIC PC

Overlap Subtraction (01i0zxs(r +b™a) Ip, X) (p, X| %,(0)[0)
— (0] 105:x5(br + b7 7) |p, X) (P, X|%,(0)10) (0] [SESn(br)] | X )(X|[S1.54(0)] 0)
[ glg

+ (0lx(br + b7 7)|p, X)(p, X |X(0)|0)(0[i07 [ S75n (b7)] | X) AHSJ)&MO)MU

' ' ~ 4 1-»-)'%" ~ L, 0 w"‘— B i
Useful identity SuSnAl = 5107[S3Sn] + 5 [A%5h5n + S1Sn AL ]
Subtracted hadronic ~ Meblen + Wit ]’
- n* d’b +igr-br db* etia™ b+ db™ +1q+b_
tensor _(_q_—) @mz° / 2 / o

X (Y2)as (Vo)rs / dy*dy™ Ci(yt,y") / dot d= Crat, 20)
X (P|i0fXa(br + b n+y n) | X)(X| xs(2"n) | P)

X (0| xg(br + b* A +y &) |p, X)(p, X | X,(27) |0)
= (0| SLS,(br) | X)(X| St S5(0)]0)

_ 1 _n_# /d_%e+iQT'bT /db+ eTia™ b+ /db etia o™
2\ q (27)? 27 27
X (Y0)ap(VE)~s / dytdy” Ci(y",y7) / dz*dz” Ci(2F,27)
X (P| Xa(br + b n+y™n) | X)(X]|xs(2"n) |P)
x (0| xg(br + b" A +y™0) |p, X)(p, X| %v(277) |0)
x (0] 104 [SL Sy (br)] | X)(0| S}.S5(0) |0)

= (0 s' S..(br |x (X | S155(0)0). 34



