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Intro: Azimuthal Asymmetrles in Drell-Yan

lepton plane

[)»I pX

hadron plane

[notation from 2006.11382]
pp — v*/Z — 70—, angular coefficient A; = W;/Wiynpol

do
d4gdcosfdy

~ Ly [(1 4 cos® 0) Wanpol + sin? 0 cos(2p) W2 + sin(26) cos W1 + sin(20) sin pWs]

+ L_ [sm 0 cos W3 + sin 0 sin @Wﬂ +

@ Azimuthal Asymmetries: structure functions odd under ¢ — ¢ + 7
@ This talk: A = %T — 0 limit of azimuthal asymmetries
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Motivation: myy Measurement at the LHC
@ W — fv: need theory input since neutrino is lost

lepton plane
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- o
X4 pX zL —
d i 2: 3*pP7 Ayt v
CS frame \w i W > : o
f : ‘ |
PR i
Py 1
IL 2 WP~ Y AT - @ W !
\ o ')_6_ P PT :
X9 Px -
hadron plane wy  pl

meb = 80354 £ 235tat. =+ 100xp,syst.:t17tlloory' £ 9PDF MeV [LHva 2109-01113]
Most theory uncertainty comes from their model for 113!

@ Jacobian peak ~ \ = %T—>O: W;'s have interesting pert. structure

do(®) 2 (73 2
a7 ~as(L+1)+aof (LP+ L2+ L+1)+---,
T

qr where L = In(qr/Q),
de® qr

~ ——4q Qs+ (xi

q

2 3 4
L (LP+L+1)+al(L*+---)+ }

Azimuthal Asymmetries: structure functions start at O(\) as gr — 0,
= Factorization theorems W; ~ H@ B B®S needed to resum large logs;

B, S: transverse-momentum-dependent (TMD) beam, soft functions
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Motivation: Improve Slicing Method for g Subtraction

for observables w./o. ¢ — @ 4+ 7 symmetry, e.g. p5

o) =™ (X, ) + [ der®T) 4 Ao (X,
a

e In current applications: ¢%®P = oIF

@ Numerical impact of Logarithms in error term
Ao ~a” (¢5/Q)In™ ¢ /Q
becomes worse at higher orders
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Teut = Teut/Q [Nlustration from 1612.00450]

= With analytic NLP logs predicted in Ac, one can increase g5

(reduce computing time for Monte-Carlo calculations)
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Motivations

o W7 start at O(a?) from real-virtual contributions:

ARHE H b 2=k

(a)

200050000

FIG. 1. Feynman diagrams contributing to the absorptive part of the parton scattering amplitude,
(a) quark +antiquark — W +gluon and (b) quark +gluon — W + quark, in one-loop order. Wavy lines denote W and

curly lines denote gluons. [Analytic expressions in Phys.Rev.Lett. 52 (1984) 1076]
[For angular coeffs from MC: 1708.00008 NNLO; QCD, 2204.12394 NNLO; QCD + NLO; EW]

= Powerful near-term analytic checks of subl. power fact. theorems

Motivation for factorizing O(qr/Q) structure functions in Drell-Yan

@ Universal functions (same pert. or nonpert. objects) in different obs.

@ Making pheno predictions that incorporate fixed order and large log

resummation

@ Improve slicing methods
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Azimuthal Asymmetries in Semi-Inclusive DIS (SIDIS)

e Different polarization contributions of lepton/hadron (e = 1;912)
do _maly Ky 1mvtay

drdydzd2Pry Q% z1—c [(LW)UU + X (L-W) Ly
+ SL(L-W)ur + MeSL(L-W) L + St (L-W)yr + /\ZST(L'W)LT]
= In total 18 structure functions [Bacchetta et al '06]
(LW)yuv = Wyu,r + eWyu,L + mCOS((bh)WlC]CE(@h) " ecos(2¢h)W(°]c5(2¢h) 7
(LW)s = VAT Fsin(on Wi
(LW) 11 = V1 — € cos(pp, — pg)WEos(Pr=?s)
VBT [cos(s)WF )+ cos(an — a5 W55 0]
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Motivations for SIDIS

@ Relevant for the Electron-lon Collider
o Effect can sometimes be large, e.g. Cahn effect
@ 3D structure of hadrons
@ Spin dependence
@ Universality of TMD functions
e Long-standing/challenging/interesting problem
° .
Quark
Polarization

Nucleon
Polarization  [TMD handbook '23]
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History and Current Status

@ Intrinsic transverse momentum of partons inside hadrons =
WSO ~ }'[%ﬁDJ [Cahn 78, '79]

@ A more careful parton model calculation [Mulders, Tangerman '95]

i cos ¢p, 72MN _sz FL Mh J_g
2ZWUU Q ]:{ My (f1 +£Ef )D1 =+ 7MNZBh1 .

2 L
(o B 202
> Doesn't contain radiative corrections
> Mismatch with perturbative results at tree level [Bacchetta et al '08]
> Resolved by more recent work
@ Systematic derivation of bare factorization for SIDIS to all order using
soft-collinear effective theory (SCET) [our work 21]
@ Recent progress from other groups
[Balitsky, Tarasov '17] [Bacchetta et al '19] [Inglis-Whalen, Luke, Roy, Spourdalakis 21']
[TMD operator expansion by Moos, Rodini, Scimemi, Vladimirov '21 '22 '23]
[CSS formalism by Gamberg, Kang, Shao, Terry, Zhao 22']
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Outline

I. Derivation of all-order bare factorization from SCET
(including Z/W production for Drell-Yan)

II. Nontrivial renormalization
of TMD quark-gluon-quark correlators
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Part |

Factorization
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Review of SCET

[Bauer, Fleming, Luke, Pirjol, Stewart '00, '01, '02]

e EFT for collinear/soft/ultrasoft d.o.f.s with power counting parameter

Ak
ne ne 4
al--. hard
( . ?>~ &2
(
[
7716 - % n F=~ }:@z
Rxa na Q 7
dC
SET: B scETy (5 TMD)
——

@ SCET), constructed through matching: QCD — SCET, — SCET,,
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Review of SCET

[Bauer, Fleming, Luke, Pirjol, Stewart '00, '01, '02]
e SCET Lagrangian Lscer,, = (Z»o ﬁffml) (ZDO s, +£(Cf3>)
> e? .
£ ZC@ ol = QJMM > J" | Hard scattering operators
k

h ard

n

MA< n constructed by [out offshell modes above A\?Q?
> L:((i(;)n =L + ﬁg—?) + L0, Collinear and soft dynamics factorize

n B
~Tus a >

while £((fy)n with 4 > 1 can be more involved

T

n
> Eg)) ) Glauber (A%, A*, \): connect different sectors 7 __: &

Factorization = Total Glauber contribution vanishes [Rothstein, Stewart '16]

o Here we assume E(C?) doesn't spoil factorization (left for future work)
e Building blocks: Collinear fields x, = Wji¢,, B, = ! {W,I iDjjﬂVn} ~ A
Soft quark and gluon ¢,y ~ A2, B2~ A

Momentum operators P, n-0s, n-0s ~ A,
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Warm Up: Leading Power (LP) TMD Factorization

LP current J@# ~ Z ('Yi)aﬁ C(O)(Q> X7 wp XTBL,wa NC(;)(G) [%é G Welson (wsj
@ Plug it into WO ~ (N|JO | p X) (h, X|JO¥|N)

o Collinear fields yield quark correlators

B (@, br) = <N

Xa(b1) 6(wa — Pn) xfll(O)‘N>

@ Soft Wilson lines = = N tr <O‘ [ST Sa](b1) [SLS,] (O)’O>

@ Combine into the quark correlators B Bﬁ s
= Factorized LP hadronic tensor where H;O)((g) =

@l

WOur /d br €77 14 0(Q) Tr [Bf(z,, b)Y By(xs, b,)ﬁ}

= Wégi)ol =F [H(O) f1f1i| 5 W2(O) =F

M3

2pre kre — Pr - k
_ 4PTx RT: pr T,H(O) hllhlL:|

(0)

e For Z/W boson, replace 'in’f ©

by v/ (vg +aq75)C; 7 or v/ (1~ 75)04;(}),
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TMD Factorization at Next-to-Leading Power (NLP)

@ Kinematic corrections: trivial, proportional to LP structure functions
(show up in SIDIS, but do not show up in the CS frame for DY)

@ NLP dynamic Lagrangian contributions vanish

@ NLP current contributions

e Soft currents: vanish, but play an important role in ren.
e.g. Currents involving Bg_”” yield

1 o t t _
N <o] [S1 8] (b1) [sﬁ S n st sn] (0)‘0> =0
e Collinear currents
) C<»0)
T~ St X, VP | X, + hec.

TS~ (4 ﬁ“)/dwadwbdwc C(Q, € = we/Q)
X |:6(WG+WC_Q) (5((4)1;—@) )?ﬁ-,'w'l; $J n,—we Xn,wa

+ 0(wa—Q) 6(wp+we—Q) Xﬁuwbﬁlﬁ.wp Xn,wq
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Subleading Current: P, Acting on the Collinear Fields

e P, current J(l)“ /—Xn oy [SLS AP L BXnw, + hec
° <J( )“J7(,) > gives

LV 2 b
W= / b 1Y (Q)
C ot
x {Tr [B,P(aza,gT)’Y“ B(mbygT)’YV] + Tr [B(CUWET)’YM Bp (@, ET)FYV]} ’

@ P, ~id; = Same Ieading power functions appear
0 7, -
i [ )]

= { it fO8. — Ol |+

Bp(z,br) =
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Subleading Current: with B, Insertion
T~ (¥ 4 ) /dwadwbdwc0< @ f){ (wa+we—Q) 6(wh—Q) Xy, 5] S B L, —o, X

4 6(wamQ) 8w +0e=Q) Ty B L, 1515 an,ua}

° <J(°)T“Jf;>”> gives (¢ = w./Q, energy fraction of the collinear gluon)
W =2 Z/ &br 7 [ae 1 Q)" + )

X Tr[ % (za, &, b1)’yp B(xy, br) v} —l—B(:Ua,bT)'yJ_ g(mbff,grr)’yp} +h.c..

@ Hard function #™M(Q,¢) = C}”(Q,f) C}‘”(Q)
@ The TMD ng correlators are defined as

( L607) = Q (N [Xn wa B0 (V1) X0 (0)IN) /S (b1,
can be decomposed as [Boer, Mulders, Pijlman '03; Bacchetta, Mulders, Pijiman '04]

- o M _ -
By (x,&,br) = 4ITJX{—iMNj“” bio (977 —ieh7s) +i,mi} ¥
N

~,,)

Mpn . ; L o . po .
:E{flMNOcL(l)flgL(l)) bio(gh7 —ief 75)+<h+1e)1'yj)_}+,...
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Results: Examples of Factorized Azimuthal Asymmetries

SIDIS (including kinematic corrections, P, I3, | operator contributions)

W o = ]-'{ oM [haDu Y]

I nr 5 M, ,
+H {f%,‘f”m A(S D + A(g\l >Hﬁ”+éhﬁ“ﬁlﬁ“ >H

B ) [22MN (7101 7ol 2Mp, AL, L) 7
%{H {Tg (F+VDy +hH; )+—ZQ (D" + M i)
F[H g™ D™ = QZZ/déﬂf(quq*,f)/ %(MNbT)n(_MhbT)mJn+m(bTQT)
f
x g (@, (€),b) DY (2, (&), br) + (f = f)
e Dj: TMD fragmentation function; Hi-: Collins Functions
° fJ- is complex qgq correlator, an NLP analog of f;.

Similar for ZL Dl, Hf- NLP analogs of hlL, Dy, Hll
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Examples of Factorized Azimuthal Asymmetries

Drell-Yan in the CS frame (including 7, B, | operator contributions)

]\[ ! ’
Ws = ]_-{ QN [HP 1>fl _ Hf’l[))/] ffl) _ Hgo)lzf<1>hf(0 ) +7—[§°)hf<0 ),ﬁ(l)}
_2M -7 ~
QN SR{ HE T — o D fi O + a1 B VR — 2 Hg;@hfm] }

2M, 5 5 =
We = ]—'{——QN s[mm@f““fl — o O D + a1 VR - rﬁ'—lmhh“l)]}

@ For photon, W3 = Ws =0 (P-odd hard functions vanish)
o For W, 1V = Hg) = 0 (Boer-Mulders effects & NLP analog vanish)

47TOzem |fo/| 2 (1) 47TOzem |fo/|2
H 7 = H = —H_crom
AWEWE S N. sin?6, ICal™ xWHW+ ff N. sin?6, 71
e Wi starts at O(a?): probe the most non-trivial part of qggq,
Interesting to check with fixed-order calculation
Anjie Gao (MIT)
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Part |l

Renormalization
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Novel Rapidity Divergence
( -

1 7
WS ~ 2 / dg H (&) Tx [ BY (w0, &, b) 7 B(wo,51) v1p + B@a, br) v} Bh(wo, &,b7) 71, ]

where the quark—gluon—quark (qgq) correlators are defined as
/73 ] (

At leading order (LO), matching onto quark PDF f,/x (%)
K" aBS\«L ()’Zn
Vpk 0cs) E2ap) p 5 l) + 037
2/ j Jsz@i?fi(V( gfiv/ i
£ = TG <4 gk + 00
:_SLE) + ~ i B
E LD

p

Lo(z) = [e(m)} .

@ The two terms in [...] are individually rapidity divergent, although
divergence cancels in WSV [first observed at LO in Rodini, Viadimirov '22]
Anjie Gao (MIT) Azimuthal Asymmetries at NLP
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Novel Rapidity Divergence
( —
1 7
"1”’}(51}3“\[1/ ~ iy/df H(l)(f)Tr[Bg(fffmf-BT)Wﬁ B(xy,br)v1p + B(za,br) 7} :g(7171>:£-6T)7Lp]

where the quark-gluon-quark (ggq) correlators are defined as
By (@, & br) = (N xn (V) (BT, o X a_e0) (0 IN) /S(br)

e Rapidity poles start at LO, which is O(a)
= Can never be canceled by a multiplicative counterterm Z = 1+ O(ay)

= Need additive counterterm to get separately finite matrix elements

[LO counterterm involving f)”ﬂ/é*l””pproposed in Rodini, Vladimirov '22]

@ For work on such additive counterterms see [dijet: Moult et al '18],
[threshold: Beneke et al '18], [¢r: Ebert et al '18], [EEC: Moult et al '19],
[A — ~y~v: Liu et al '19], ...
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Rap. Div. Cancellation: Use Soft Matrix Elements (ME)

@ At LP, rap. div. cancels multiplicatively (eg. 7 reg.)

By/q :f ? N f"& + ;/K\ + f“% +0(@2) =1~ as4CF%ILp + 00" + 0(a?)

1
— 1y + 02 =1+ «:8Cr Tup + 0m°’) + 0(a3)

5

xa o8 anp

o ldea: exploit individual pieces of vanishing NLP soft contribution
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Construction of the NLP “Counterterm”

— — — =

WE Y ~ 2 / g HO (@) Tx [BY  (wa &, 51) VY Blaw, 1) 71 + Blwa, br) v B (s, & 57) 71,

@ Use the fact that rap. div. cancels between the two terms in W

o Can take B to soft Béi)p in SCET without changing the rap. div.

g(n)p

B(za,br)B (2, €, br) — 8(§)BB /g

S§P(by) ENitr<0“S;rL(bl)Sn(bl)] [51(0) S (0)gB* (0)]0)

e By construction, | B} (¢)=Bp (¢ om°),

Pl A

o Property of the counterterm: S3"”/S = 19/ In S, see backup slide
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Construction of the NLP “Counterterm”

o Note that Sé")p + ng)p

- Ni tr (0|5 5a] (b2) [S, 5. n s1.8](0)[0) =0

(&

due to C & P & Poincaré invariance of the vacuum!
[Ebert, AG, Stewart 21']

® BB+ BBL=|BL+5(6)B B+ B|5(6)B + Bj

1
free of p divergences to all orders (additive + LP multiplicative div.)
= BY,B+ BB,

@ So we can simply replace the old by the new ggq correlators
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Checking Cancellation of Rapidity Divergence

Check deepest (1/1?) pole in a2C% channel:
O(CYFI}U)
2 sl
e +o9 " 8|V =0

.

O(Cr/n)
0 Rl A 134
~ a 1

BYY ; \& —ta, 20%5(1 —2)8() T p + O(n°)

Vg %<§’~\>> =4 as 4CF15(1 —2)5(8) Irp + O(n2)
n /

June 26, 2023 23/29

1 1
=—a28C%—6(1 — 2)5(§) T pTrp + O(=)
. ul n
abelion
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Checking Cancellation of Rapidity Divergence

Check deepest (1/7%) pole in a2CrC 4 channel:
o)
~ S'(“)/)
B +3©) 5 Bl VS = o
e +9 " By =00

have to cancel within ~ O(Cfg/n) 1+ asCr/n

A= P8 . PN - oW
p= P P A B o

A+ B = 0(1/n) Ve
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Renormalization and Evolution

WSS ~ 2 / dg HO (€ Tr [ B (v, &, b1) 7 By, br) Yip + Bl@a, br) v B (s, €.57) 71, ]

@ Renormalization
WY ~ /ds' HOren(e) 2Oz &) @ [BE(€) B+ BBE(©)]

ZW(&€): counterterm for C(M)| calculated in [Freedman, Goerke '14,
Goerke, Inglis-Whalen '17; Beneke et al '17; Vladimirov, Moos, Scimemi '21]

@ Due to charge conjugation B (¢) « B (¢), we know that Z(&', &)
renormalizes B (¢) = BA(€) + (B0 1n S,

Bg"() = 20(¢.) © B (©)
o 1 RGE and ¢ RGE (equivalently: v RGE)

4 prenr(e) = (¢, ¢) @ BEP(€)

H@ B
d Hren . ren Hren
QCCTCBB P =—=6(8)(10% v¢c)B*" + v By’

= Can integrate to get the series of o L7 terms
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Are we done?
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Are we done? NO!
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Endpoint Divergence

WS By ~2”/ A MO () Tr [B™ (war &, 5r) 7 Bl@w, 1) v1p+ Bl@a, bt By™ (@, €, br) v,

) C(l) calculated in [J. Strohm’s master thesis '20, Vladimirov, Moos, Scimemi '21]
2
where Lo =1n — %

s 7'('2 1
CO(g?e) =1+ Z‘—W Cr(~Ly+Lg -3+ F> —CAIIf5
CayIn(l—
_ <CF - TA) n(1§ £) (QLQ +In(l—¢€) — 4) + O(a?),
o SCET| ME ~ O(as£~/?) = convergent,
SCET); ME ~ O(as¢71) = endpoint divergence
= Divergent integral as £ — 0 at O(a?)

o? / déln ¢ =777

@ Special: hard coefficient and conspire to give an

endpoint divergence in a soft gluon limit with back-to-back n& 7
@ Need refactorization for endpoint divergences
[Z. L. Liu et al, M. Beneke et al, ...]
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Solution: Hard-Collinear I\/Iatchlng to BsL
Q? AQ?
@ The full B current receives hard and hard-collinear contributions
(ps = p¥) [Ebert, AG, Stewart 21']

J(l)”(O) _ '](1)11 (0) + /(1)11 (0)

g hBi hc BL
I O ~ [dpe 4 CD,E) Ty (58)
— »(m) + (1) o o _
x X~z { [51509B71 03) + (9B 151 (07) } X

T[J*£"M] in SCET; — hard scattering operators in SCETq

w - w)

“
r/ hord - oollinese hord- collinesr 1/ - wam.»r

@ These J;. graphs reproduce ™ behavior of c® (p_: =—¢Q)!

.- sCafpsQY " s Caf Q2 ¢
./clﬁlfgﬁ(P.s, €~ graphs = = j‘(puf ) +0(e°)=j—ﬂf‘<%) (1 — en(—£))+0°¢’

a(n) ~ 28 ( ) _ Qs 9(75) ren
Soft ME = Si(ps) @ (rs) C oo = ﬂ_C 7&2 <—>BB (&—0)
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Solution

@ Exploit the vanishing hc soft contribution for Drell-Yan

n #=-sa
A - e o5 + e
) /%*i(ﬁQ) /'l}
o(BB/dgi( ) E |§‘ Ecut + 9(5011': - ‘El)}[(;f)_e(_;?]

— BB (;—qj) - /d§ T(a(gcut - \5|)<z,“<f:) - z,,[f;’)

@ O(Eeut — |€])In¢ Lo(—¢) cancels the divergence in ggq as &€ — 0
@ The following convolution is finite at £ — 0!

5(n)ren p
S

Ik {C&)‘(@BEW(O 06— I Ol 0 T ()Y B]

Sren

see backup for solution for SIDIS and a remainder term Rgipis
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Summary

@ Studied azimuthal asymmetries in Drell-Yan and SIDIS

> Step 1: all-order bare factorization (including Z/W production)
> Step 2: all-order renormalized definitions of the TMD g¢gq corr.

> soft subtraction for % divergences

BE(€) = BR(€) +6(¢)B . Bt =20 ) @ B
> Obtained all order 1 and ¢ RGEs
d - ~ d - -
uaBrBe"p(O:w(&&') ®Bg""(€), 2Cd*CBZ§“p =—6(8) (10 v¢) B™" +cByg"”

> soft subtraction for removal of endpoint In /¢ divergences
/ d¢ [Cﬁiﬁ,(g)érgnp(g) + 0(Eeus — [€) O @ TEP(—€Q) ) pren| _ finite

@ Fully renormalized expression (removal of all singularities); yields
renormalized factorization theorems for O(\) Drell-Yan and SIDIS

= Can now exploit RGE to predict logarithms in the NLP series

Are we done?

Anjie Gao (MIT) Azimuthal Asymmetries at NLP June 26, 2023 29/29



Summary
@ Studied azimuthal asymmetries in Drell-Yan and SIDIS

> Step 1: all-order bare factorization (including Z/W production)
> Step 2: all-order renormalized definitions of the TMD g¢gq corr.

> soft subtraction for % divergences

BE(€) = BR(€) +6(¢)B . Bt =20 ) @ B
> Obtained all order 1 and ¢ RGEs
d - ~ d - -
uange"p(O:W(&&') ®Bg""(€), 24&326” =—6(8) (10 v¢) B™" +cByg"”

> soft subtraction for removal of endpoint In /¢ divergences
/ d¢ [Cﬁel,),(g)érgnp(g) + O(€ut — [€) Ol @ TP (—€Q) ) pren| _ finite

@ Fully renormalized expression (removal of all singularities); yields
renormalized factorization theorems for O(\) Drell-Yan and SIDIS

= Can now exploit RGE to predict logarithms in the NLP series

Are we done? For now!
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Summary

@ Studied azimuthal asymmetries in Drell-Yan and SIDIS
> Step 1: all-order bare factorization (including Z/W production)
> Step 2: all-order renormalized definitions of the TMD ¢gq corr.

> soft subtraction for % divergences

B (&) = Bs(6) +6(6)B Bt =20 @B
> Obtained all order y and ¢ RGEs
d Hren / Hren / ren . ren pren
L PO =&)Y ®Bg" (&), 2¢ CB P =-6(8)(i07 7¢) B™" +v¢Bg™"
> soft subtraction for removal of endpoint In /¢ divergences
/ [ CLRAOBE™(©) + 0(Eeur — I€]) Ol © T2 (—€Q) : B] = finite

e Fully renormalized expression (removal of all singularities); yields
renormalized factorization theorems for O(\) Drell-Yan and SIDIS

= Can now exploit RGE to predict logarithms in the NLP series
Thanks for your attention!
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Backup: A Neat Property of the “Counterterm”

SEP@, ) ;itr <o‘ [ (1) Sa(b.1)] [S1(0) S, (0987 (0) ‘o>

S5 (1) = 5 (0] [S5b2) Sa(b1)] 817 (018}, 0) Sw(0)] o)

@ Manipulation of Wilson lines gives
[P} 518,] = [ShiD?, Sa] + [S5iD?, S,]
= 515, [S1iD?, Su] + [S1iD?, Sa] SLS.,
=515, B — gB VP st s,

e Since 597 + 557 = 0, we have SV = —5(Y = 197 § so that

)

SE"/S = 507 S

= Due to non-Abelian exponentiation for .S, S p/S x 1/n+0O(n°

(no € poles, no double poles in 7)
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Backup: Endpoint Divergence Solution for SIDIS
@ Exploit the vanishing hc soft contribution for SIDIS

o . (<)} h
7—"— n )
A v 3 4 oenn-
n./ F=-5a n 2. 5q
° _1(p;Q\ "1 o (—pfQ\ "1
0= Bg dp; — (=) — - ! : —
0 € 1% Ps 0 1 Ps

x BG /dﬁé (_‘52(12)*E [0(1€] — &cut) + O(Ecus — |g|)]['9(_7_§) _ %]

—_g2\ ¢ 1
o9 ) o) 2 i)
after including h.c.
@ 0(Eeut — |€)InE Lo(7¢) cancels the divergence in [d¢CBE™, Gienr
/ At [CRANOBE™ () + 0(€cur — [€]) L0 @ TP (—€Q) S (-60) /57 Bren]

/ [CAOGE™ (&) + 0(Eeur — I€]) Cled & TT(€Q)S " (6Q) /577 g

@ We are left with a remainder term|RSIDls o asCaa.m’ CrBG 4+ O(a?)

@ For gr ~ Aqcp, o7’ — NP function defined by S/(5..0.1)
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