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Intro to Semi-Inclusive DIS: e™p — e"hX

@ Decomposition according to different polafization contributions

do ma?y
dzdydzd?Pry ﬁ;Luu(pbpzf)W“”(q, Pn, Pp)
hT

~(L-W)gu+Xe(L-W)py + St [(L'W)UL +>\e(L‘W)LL] + St [(L‘W)UT+>\Z(L'W)LT]

LM = (I3 (013510 = 2[ (vl + Y Pl — peper 9*) + e €0 poppyr ]

d*
WHY(q, PN, Py) = I/(Q i e (N|JTH(b)|h, X) (h, X|J” (0)|N)
s
X
=W + SLW}Y + St cos(¢n — ¢s)WAE + Srsin(¢y, — d)s)W;g

@ TMD region: Py < Q
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Tensor Decomposition for (Unporlarized) Inclusive DIS

@ Summing over final states

4
werta rw) =Y. [ % 0 (N1 E(B)]X) (X]T7 (0)|N)
X

d4b

= [ Gy " N @ 1)

° ¢, WH =0, W =TW"H, dependence on only two vectors ¢* and PZ’(,
= Two structure functions

o' Py - Pr -
a8 ) s P )
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Tensor Decomposition for SIDIS

@ Projection
7

(L-W)oo = Z (Pi_l “L)o ( R
_ i=—1 _ . < >/
@ Projectors defined in the hadronic Breit frame
P = (3" + "), DL = ', P = (' + &1),..., P
0qg-L=q-W=0=nozZ= 3x3=9 projectors

@ Parity and hermiticity constraints reduce # of structure functions
= In total 18 structure functions [Bacchetta et al '06]

(LW)yv =Wyu,r +eWou,r + \/26(17+5)COS(¢}L)I/V;05(¢)1) + €COS(2¢h)W5(E(2¢h) 7
(LW) Ly = v/26(1 — €) sin(¢p) W09
(LW)pr = MCos@)h — ¢S)Wz(;f(¢h_¢5)

+ \/26(17_6) [COS(¢S)VV23-S(¢S) + cos(2¢p, — ¢S)WZC;(2¢’fﬁ¢s)] 7

o Wiinion) yyeostos) yyeosGén=es) . O(\) SCETy observables
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Summary of what | presented last year at SCET

e Match QCD onto SCET;: J=J@ +3, JM +
o JOM~ ()T Q) Xy 5L X = WOR S HOT B G )
where B(b1 )~ (N|xn(b1)xn(0) |N) V5, G(b1)~ (0] xn(bL) |k, X)(h, X| X (0) |0) V5,
i <o) [S5(b1) Sa(b.)] [SE ‘0>

° Next—to—leadmg power collinear operators (&: energy fraction of B, 1)
A(0)
C

T~ X VP L #Xnwa +hec.
2wq
JK(_;I)"" ~ CI(CU(Q~ E) (n“ + ﬁ‘u‘) {Xﬁwb $L7117MPX71,;.;“ + X#,wp, $Lﬁ.wc Xn,wq

= whw L 4qOTy [B Y Gpy'+Bpy" G 'y”}Jrde HOTr [B Gy’ +Bs " G 'y”]
where B (b, &) ~ (N|Xn Bnixn |[N) V5, G(b1,€) ~ (0] xa |h, X) (b, X| By L Xn |0)
Bp ~01.B, Gp ~ 016G,
@ > Same soft function and rapidity anomalous dim

> Two hard functions for all NLP structure functions, % (Q), HV(Q,¢)
> ¢ dependence/integral
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Summary of what | presented last year at SCET

e Contracting WH with P*”, we get the factorization formulae for
structure functions with full spin dependence
@ For example

i k1 207 . . .
W;‘;lﬁs = ]-'{f ()I(IJ H© < ! /11 Dy — A'I\)I h1H; > (Kinematic corrections)

k2 +kor - B 2 4 kr -
(ON LY T PT L D P1 T PT} L
o < g TPt g M

(From thé P operators)

M, k- -
(1) N T B
TH { Q <2f’ A/,\Mh<h’ hT)Hl>
Alh

kr
o+ 5 2 (150 )]
(From the B, operators)

FlwHgD] = QZZ/d2PT d2kr 52(¢TT +pr — ET> w(Pr, kr)
f

x / AEH(Q. (€)) g5 (. (€),pr) Dy (2 (), )

@ fir, h1 € B, D, Hif €¢
fr, he, h¥ € Bg, H, G+, Dt €Gs
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New for this talk

@ Construction of NLP SCETj; soft currents
@ Vanishing of all the subleading soft contributions

@ Extension to Drell-Yan and ete~ — dihadron

We still assume the leading power Glauber contributions do not spoil
factorization at NLP for SIDIS, which needs to be confirmed explicitly
in the future
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Constructing SCETy; to Subleading Power

@ Match SCETy onto SCETy;
n-f ’
g

al---
TR~ pey
e
s nég
SET: BN sceTy (5 TvD)
—_—
® SCETyat O(f) = SCETy at ON/?7E) with E >0
Cayn = L0, + LY + c;;g y
Lo =L+ 44

Lhe = 'C}(;L3> +£(1/’> +£(])
8/21
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Hard Operators in SCETy;

o Leading power current J©" ~ 37 ()" (““”(Q) X2 X2
@ In general, operators are constructed using “building blocks”

> Collinear quark and gluon Xy, B}, = §|W,l(2)iD};, W, (z)| ~ A
> Soft quark and gluon () ~ A%/2, By~ A
> Momentum operators P, n-Js, .- 05 ~ A
@ Operators get generated from two offshell scales
> Hard (tree-level and beyond) £y,

S e

> Hard-collinear (one-loop and beyond for O()))
T £0), T 2], T 2], 7L £ in SCET,

— hard scattering operators in SCETyr: Ly,

[0) Svfr
n
" hpw‘ol- oaal'mor
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Category of NLP

@ Kinematic power corrections
@ Hard scattering power corrections from the hard region through Efll)

o Hard scattering power corrections from the hard-collinear region
through £1(11C) and T[£(1/2)£(1/2)]

hc dyn
@ Subleading dynamic Lagrangian insertions:

0 1/2 1/2 0 1
T[LhmaLage Loy 1. T[LikaLa)
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Subleading Insertion involving J©

@ SCETy Subleading Lagrangian insertions
W o (N[TOT#®) R, X) (b, X | [d*zdy T[T (0) L7 (2) £ (y)]|N)
+ (N|TOTE @) R, X) <h,x|/d4a;T[J<°>”(0)c<1>(a:)} INY + ...
Since y, v are transverse (J©% ~ (v4)** C17(Q) x5 ., Xe ),

when contracting with P/ = — (42" + @1t7), Py =i(the” — i), ...
such contributions vanish

o T[J W], 7[5O cP], T[] in SCET,

— hard scattering operators in SCETyy (2!!/%, £\))

hc
Vanish since p, v in J(© are (again) transverse
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Operators involving a 1 -y, i - Oy, - B, or n - B

@ RPI constraints contributions of n - Js, 1 - Os, ﬁ Bﬁ”) or - B
operators to in - 85(5,1;5'”)( +) and in - 9,(S 1S ) (by

o Leads to derivative of generalized soft function %S(b% biby)

b;t—>0
o It scales linear in 7 or n under RPI-IIl (n — e*n, 7 — e~ “R) of
SCET , thus vanishes (remains true with rapidity regulators)
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Operator Involving By

@ Hard and hard-collinear contributions

1 L
g4 5}“(0) - J;lg)‘i (0) + J}E?A (0)

T .
- Z/dwldwg SR /dbs ol (a2,bs)
ni f q s

X =z { [S5, Sna 9B (@1bs) + 9B ST, Sy ] (w2ba) | xma e

Cl (@.bs) = S0 (@) 6(bs) + [z M (@.€) s (b5, ).

° T[JI(I)“EP)] in SCETr — hard scattering operators in SCET1r in Ly,
W suf? w s-ff
ﬁ' hpw‘b‘ - wm‘n;.r '-t ’\plfel- wmwuar
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Operator Involving By

. 4z d*br igr 7 =2}, 7
é]i)u _ 62/ T qr-br /dbs Cél; (q2,b5)c(0)(q2)
7
x{(n”+ﬁ”) Tr [ B35 (@, b1) VL Guy s (2, br) W] S (b1, Qb:, Qb)

+(n"+7") Tr [Bf/zv(w, b1) vipGOnyp(z,b7) vi] S5 (b1, Qbs, Qés)}-

80(bs,b7,07) = - tr (0

iy
o
',

Sn(b1)] [SL(07) Su (61987 (6] |0)
) Sa

(b1)
L T (Mpp+y gt (pt +
ﬁtr<o“5n(m S (b1)] [gBs7 (b3) S5 (b)) S (b )HO>7

c

t
b (O] 9B (61,67 S1(b,67) Sab1, 6] [S1(0) S (0] 0)
1

+ ﬁ tr <0‘ [Sl (bj_, b:—) Sh (bJ_7 bj—) gBii)/)(bJ-v b:—)} [S; (0) S”(O)} ‘0> :

)
SE(by, by b)) =

)
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Vanishing of S’f(b) due to Parity and Charge Conjugation

MEIOE NL e (0|[8 8a] (b.1) [SE SugB” + 98177 8% 5] (0)]0),
8501) =~ tr (0| [sB77 51 50 + 5§, 50 95077] 1) [} 5] 0)|0)

(For simplicity, here | show the vanishing of S’f for b ="b, . The story for general b is similar.)

o Under parity,
> Sign flip associated to the p
> n<n
> b, — —b,

@ Using parity invariance of the vacuum,

SP(by)
- %tr@][s,ilsn](—bl) [S SpgB P +g B(”)PSTsﬁ] (o)‘o>

(&

= S {offstsaon om0 sk o))

c

=—55(b1).
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Vanishing of S’f(b) due to Parity and Charge Conjugation
8P(by) = Nic tr (0| (S5 5a] (b1) [ST SugB? + 9B} 8] 0)0),
88(by) zNictr< HgBW’ S} Sn + S} Sn gzs(")”] by)[shs 0)]o>
@ Under charge conjugation,
Ay = AATA S A8(T)A = —Ad (1T = — AT,
S22 (b:0,00) = Pexp [ - ig/:odsn A+

¢} . o ba b
—>Pexp[+zg dsn-AS(bJrns)] = S17%(b;0,00),

0

gBP b _[g1iDP | 8,1 S5 [81(iD” )8, = —gBPYe

sl
= S{(by) = ;V—i<0( [She81] (b1) [Sde sfedgB* + 9517 55t 53¢ 0)|o)
= % tr<0‘ [gBiT/)Slen 51‘ Sr /B("”’] (0) [S%Sn] (h)‘0>

- ]_71 tr(0|[815a] (b.1) [98L77 5185 + 8].5098177 ] (0)]0) = ~8{(b1)

n<rn
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Vanishing of S’f(b) due to Parity and Charge Conjugation

SP(by) = Ni tr <o’ [, Sa](b1) [5,2 SngB"? 4 gB VP st Sn] (0)‘0> ,

c

8501) =~ tr (0| [sB77 51 5n + 5§, 50 95077] 1) [} 5] 0)|0)
c

@ Parity 87(by) =—-88(b.)

o Charge conjugation 82(by) = —8°(b1) = —8(-b1)

n<n

o Decomposition 87 (b.) =, 8] (br) + €17b1 S/ (br),  i=1,2

= Parity and charge conjugation contradict
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All the subleading soft contributions vanish, unlike most example of
subleading SCET where subleading soft contributions are nonzero
(B physics, threshold expansions, thrust, ...)
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Extension to Drell-Yan 7 + p — £/

Figure from [Bastami et al '20]
The Collins-Soper frame (Prr = Pyr = q1/2)

Pl le+k1pTLhL}L

08 ¢ Pre +kre .,
WLL/(;;O :]_-{ _2(0) {T.fu»flﬂ QMM iph } (From the P operators)
M, 22
+H(]>{ (AT fo fin + —Lpr h>h|,>+ (l" finfz +7AT hi hﬂ
0 z M, z p Q 'px J1p 1, z 1p

(From the BL operators)
FlongD) =25 [@pr e 8*(dr + pr - Fr) w(ir, Fr)
x [4€H5(@.(€)) 97, (€),pr) Dy (€), k)
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Extension to ete~ — Dihadron

Figure from [Kang et al '15]
2pra kra — Pr - kr
My, M,

Hj ’7—)1[] ha } (Kinematic corrections)

21

Wcos(bo :f{ /)/17; ,H(()) |:1)/1]2[)}|”

P% kT:c + k? Pz Hlj_h2 Hlj_hl
QZ\/[}LI ]\’[/12

M, _
g fTh2 Hff”)

- 7‘[([)) |:p’1‘::r g kry D{I,Q DiLl +

} (From the P, ops)

My,

(k,u, DDt M”Z kr ”’Qﬁ’lw)”

Thy

2 -
+H(1) |:Z2Q (le_ DJJ:,QD)lLl +

c

+

o _(From the 3 operators)
FlotgD] =23 [@2pr hr (e + r — Er) wlir,r)
x € H5(@.(€)) 97 @, (€),pr) Dy (3 (€). br)
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Summary & Outlook

@ Reviewed factorization of WH# at NLP, as well as the NLP structure
functions, including contribution from subleading operators with
insertion of P, and B, |

@ Discussed NLP soft contributions
@ Showed that NLP soft contributions vanish in this process

@ Extension to Drell-Yan and ete~ — dihadron
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Summary & Outlook

@ Reviewed factorization of WH# at NLP, as well as the NLP structure
functions, including contribution from subleading operators with
insertion of P, and B, |

@ Discussed NLP soft contributions
@ Showed that NLP soft contributions vanish in this process

@ Extension to Drell-Yan and ete~ — dihadron

Thanks for your attention!
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