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Large Momentum Effective Theory

+»» Parton distribution functions:

_— B &
fum(e.?) = [ e P )y P exp (v:g / dw(n)) v (0)|P),

% Large momentum effective theory (LaMET): A novel approach of
accessing parton physics on the lattice (Ji,2013, 2014)

% The quasi-PDFs: light-cone correlation matrix elements->equal-
time correlation matrix element

AP = [ Lo Plpe)r.en(—ig [ aa5@) ) vo)|P)

“* The light-cone PDF is related to quasi-PDF by a matching
equation:

Fomee v = [F 02 (5 g o 7o) = S () 7 (6 5

n=0

*» Lattice cross-sections see Jianwei's talk

*** Pseudo-PDFs see Anatoly’s talk
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Gluon quasi-PDF

“ Gluon PDFs are key input parameters for physics at hadron colliders

** Important for various physical processes, e.g., higgs and quarkonium

production at hadron colliders.
* At ultrahigh energy, gluon PDF dominates.
* Crucial in the study of hadron structure and spin physics.

* Gluon quasi PDF is also important to extract quark PDFs.
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Gluon quasi-PDF

+* Gluon PDF

: dg™ —it—z Pt )
;QJ,fH(r?g.}:ngiw P PIGE (6T YW (E7,0; Loy )G (0)|P)

¢ Gluon quasi PDF

r z d-Z tzx 12
foym (2, P?) :/QM_PH PY(P|GE (2)W (2. 0; L,- )G (0) | P)

G: gluon field strength tensor
W: Wilson line, links 0 and ¢ (or z), adjoint representation

¢ Lattice simulation:
Z.Y. Fan, Y. B. Yang, A. Anthony, H.W. Lin, K.F. Liu, Phys.Rev.Lett. 121 (2018) no.24, 242001
See Yi-Bo’s talk

4/18/2019 5



Gluon quasi-PDF: one-loop matching

(a) (b) (c)
@) (b) © @ (©

+*One loop matching with dimensional regularization (DR) and UV
cutoff

W.Wang, SZ, R.L.Zhu, Eur. Phys. J. C (2018)78: 147
W.Wang, SZ, JHEP 1805 (2018) 142

d
fisu(z, P?) f EZ’-‘-} (E i) fira(y, p) = Zi; (& %) ® fisa(y),
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One-loop matching coefficients

% Matching coefficients

(E24 (1 —&)2 )1n——2g+1, £>1
[ 142 gl _(£2 _
Bl +1]+, =1 z0) (épi) P el er(l 42) I eIt |
Z(l)(é i)_c SRS S 7% +2—55+€2] 0<&<1 Hers y Vess
99 \5* pz) = CF =& " a(PH7E(1-0) B ' - +1- §))1n 1+2§ I, &§<0
EELE £<0
L +
2633624262 | E-1
=g %
+£[ﬁln%+l}++é—l+%, §>1
2673824262 | I
3 -5
I+(1=6) 1 & 5 1+£ “
SRR A e e +6 [ 4$(1_g)(f,g)2j+
n _ U8y, = gg('é’_z) - A 2 2 Py
Zm(g___f):cp g F(-5)(P)2 P +8(1 — £) ?CA—iTpnf) In {2
84 P: +3 - é, 0<é<1 252—§+1 Y ]05'2 ) m 5
253735%2572] £-1
—=———="1In
§
—g[”"fln AL - E<0
§=x/y,

X iIs the momentum fraction in quasi PDF, y is the momentum
fraction in PDF.

W.Wang,SZ, R.L.Zhu, Eur. Phys. J. C (2018)78: 147
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One-loop matching: DR vs cutoff

DR Naive cutoff
** Preserve gauge ¢ Lattice provides cutoff.
Invariance More “practical” than DR
¢ Lattice evaluation “* Power divergence.
needs cutoff. Unpractical Mixes with other
operators

“* Power divergences only
exist in Wilson line’s self “ Gauge symmetry broken
energy
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Renormalization of quasi-PDFs

<*Well defined continuum limit call for renormalization
**Renormalization of Quasi PDF on the Lattice

 Lattice perturbation:
Complicated Feynman rules, hard to evaluate

See Xiaonu’s talk
* Nonperturbative methods
gradient flow (K. Orginos and C. Monohan, 2016)

Regularization independent momentum subtraction (RI/MOM)
|.Stewart and Y.Zhao, Phys.Rev. D97 (2018) no.5, 054512

LP3, Phys.Rev. D97 (2018) no.1, 014

M. Constantinou and H. Panagopoulos, Phys.Rev. D96 (2017) no.5, 054506

ETMC, Nucl.Phys. B923 (2017) 394-415
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RI/MOM

L)

L)

» Renormalization condition

Z(z,pE,a ', uR)
_ T2 (ps|Oy. () ps)]
Tr[p )" (ps|O,,(2)|Ps) tree]

% Renormalized quark quasi-PDF

p? = “‘%c
pz = pR

h®(z, P,,pR, ur)

=7 1(z,p2, a 1,u;g)i~z(z,l’z,a h

-~

.

a—0

ﬂr(Z,Pz,(I,_l) = 2}3t1<P|O"ft(z)|P>

- dz izl z]
(z, P, p¥ pug) = P, 5 © =20 (2, Py, pE pR) -

% The renormalized matrix element does not depend on regularization
scheme

* Matching in RI/MOM: convert lattice regularized quasi-distribution to
MSbar light-cone distribution

*» Has been used in: quark PDFs, meson DAs, GPDs, ...
See Yong and Yu-Sheng's talk
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Renormalization of quasi-PDFs

“ Quark quasi-PDF: multiplicatively renormalizable
X. Ji, J.-H. Zhang, and Y. Zhao, Phys. Rev. Lett. 120, 112001 (2018)
Ishikawa, Ma, Qiu, Phys.Rev. D96 (2017) no.9, 094019
J. Green, K. Jansen and F. Steffens, Phys. Rev. Lett. 121, 022004 (2018)

()Y WE(2,0)95(0) = Zy e pp(2)v' W (2,0)9r(0)

% Gluon quasi-PDF:
Li, Ma, Qiu, Phys.Rev.Lett. 122 (2019) no.6, 062002
Zhang, Ji, Schafer, Wang, SZ, Phys.Rev.Lett. 122 (2019) no.14, 142001

Four multiplicatively renormalizable operators

Ok(22,21) = Z3 €™ A2 Ft(2) L(22, 21) ' (1), V
O%(z2,21) = Qzeém&zF”(zg)L(zg,zl)F‘” 21), V
O%(z2.21) = Z11 Zggtjom&an(Zg)L(Zz, z1)F*(21) V
Oh(z2,21) = Z3,e"™ A2 F#(29) L (2, z1)F*,(21), V

O (22, 21) = (F(22)W(z2. 21) F, (1)) R = Ol h(22.21) — OPh (22, 21) — O h(22.21) K

See Jian-Hui’s talk
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Renormalization in RI/MOM

** Renormalization equation
Ogn)(z,()) o (Z11(Z) Zlg(Z)/Z) O‘g?})z(Z,O) Z_ (Z”( ) le 2)/ ) _ (le{z) le(z]/z) -1
03(2,0) ) \22Zu(2)  Z2(2) )\ 02 p(2,0) 2Z21(2)  Zaa(z) 2Z91(2)  Zy(z)

+» Renormalization condition:

Tr[A22 (p’ z)’P]R 1 [PnbAﬂh !J( P, )]R _
Tr[Az2(p, 2)Pliree :: z;iﬁe , [PEAST (D, 2)]tree ,2 = —;f‘f‘- ’
Tr[Awa(p, 2)Plg|, , =0,  [PPAYY(p,2)s|, , =0,

pe = ._.f_;” P = _;;.H.

P: projectors
N\: offshell amputated Green’s functions

+» Renormalized matrix element

(2, P g, pR) = Zu (2, pr, 5, 1/a)hV (2, P2, 1/a) + Zia(z, pr, pE, 1/a) /2 (2, P*,1/a),
hy r(z, P*, R, p®) = Zos(2, pg,pE, 1/a)h: 2(z,P*,1/a) + 2Z2 (2 g, pE.1/a) h ”}(z Pz 1/a).
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Matching equation
* Matching equation:

T JR sz yP*
y pR op pB

! @[ (f pr yP? ypP*
[y Uy plT o pht
—|—O( M2 A(QQCD)

(P#)27 (P#)2 )’

1
; dy MR ypP* ypP* T HR yPZ ypP*
fQi/H(m’Pzﬂpru‘R): IM[C%QH(; pE’ 7 ph )qu/H(y ”)+ng(y pR' ' pR )fg/H(?J #)]

F e, PP o ) = ) form (W, 1) + Coq (= ) fay ()]

M? AZ@CD)

+ O((PZ)Q’ (Pz)? ’

*» Polarized PDFs also have same matching equation but with different
matching coefficients

“ Can be derived by OPE
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Unpolarized PDF: quark in quark

*» The amputated Green’s function has structure

gﬁf,, . i
A(p,2) = Filp, 2"+ Tl ) B+ Ry )2
“* Minimal Projection:
Project out flp.2)  Lp3, 1807.06566

Project out fi(p.2) and f.(p.2) This work
+» Bare quark quasi PDF

[fé};(:c, p— 0)} [fq/q [z, p— 0)] Lt [fé};,z(:v, p— 0)] X p=-p/p

“* Matching coefficient

(1) P> P
qu (1:,7‘, L p ) [fq/q z,p = 0) - q/q( ) q/q CT']
_.|_
D=
pE

(fq/q) - f;}();t (ﬁ;(a:— 1) +1, T) fé}t)zz (Ilj_z( —1)+1, r>

r=ug/(pF)?
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Unpolarized PDF : gluon in gluon

<Projector: P’ = 6"*g14;/(2 - D)
At one-loop level, the partonic quasi-PDF can be written as

r(n g(n ~\n —| TL 1 ATITL T
:Uf;/;(m,p) = [xf;/;(m,p)]Jr + ¢ )5(3: —1), én) = p—zfv'{ ]{grl[-j:r)|t’.]1"ér 1(0,0)|g(p))

z

+»Offshell gluon matrix element can mix with gauge variant operators

2

~(]_7g) — CMSOA p O 0

‘ ore P g2 T O
2

~(2,9) _ _asCap” (0

‘ 12mwe p? +O(€),

a(3.9) — @(60)’

5 asC 4 p?

0O is a “good operator” because it is the “t z" component of the gluon
energy-momentum tensor

“For O4, O,, O,, the large x behavior depends on the offshellness of
external gluon
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Unpolarized PDF : gluon in gluon

* Asymptotic region of quark quasi-PDF

] p* 3 . | pt pt 3
lim C (5,—)=—— Iim | —|Al{ 1 +—(E=-1),r | = ———
o T\ H 2|¢| gqm|p§| ( % 2| ¢

From Yong’s talk

% For gluon quasi-PDF defined by O,

- 1

1
(1—7)l¢l

h(l + %{E— 1),7‘) X —

The UV divergence is subtracted but the asymptotic behavior is
not

“* Mixing with gauge variant operators, even for local operator
J. C. Collins and R. J. Scaliset, PRD50,1994
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Unpolarized PDF : gluon in gluon

* Bare gluon quasi-PDF

7(3,1)
9/9

a.Ca
27

E (:1:,p—>O)Lr = X

T

% Light-cone PDF

e

i

(1)

g/g n2

QSCA
47

|

* Matching coefficient

2
)] =0(x)0(1 — :r:){
-/,

xr

1—=x

2(1—$+$2)2 x—1 4z2° — 622 +8x—5
z—1 In T + 2(z—1) ) r>1
— +
2(1— 2y2 4 3 2
( mw_—i—lm ) 1I1§ + 122 24352(1-305 1745 ’ O<zr<l
el +
2(l—w+a:2)2 r—1 4z% —62°+82—5
— — In == — 5(e=1) \ xz < 0.
+
asCa [2(1 —z+2%)? . —p?z(1 — 1)

In

2

|

+ 243 —21‘2—}—33:—2]
2

B

2
Pz P F(3,1 1 H #(3,1
2Chg ! (=5, 5) = {xf.;/g (.9 = 0) = 2fy, (5‘3 3 2) - (mf.é/g))c-f‘-]
~(3,4 3,
+ (C%,Iglz/l()[\/[ B CM—Q)‘S(-T - 1),
7(3,1) _|\Pz|, 7B [Pz,
(f;, Jor. = m R (pf'(I 1)+1,r)
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Unpolarized PDF : gluon in gluon

+» The counter term

F(3,1)
|:3: g/g (xip)}_F
(| —(p—1)2(p—1)+8(p+2)a* —16(p+2)a® —2(p* +8p—24)a” +(6p°+20p—32)x Iy 22-1-vI=p
8(p—1)2(z—1) Vi Do itvip
423 8zt —162%—222°+342—9 8x3 (x—1) 3(2z—1)x 441
+(2a:—1)(pi4$2—4$) + m4(,.0—i’b‘ﬂ)(m—lgg(Qm—f)  (pt4z2—4x)? + 2(p—1)2 4($_1) +; r>1
—(p—4)*(p—1)+8(p+2)a" —16(p+2)a” —2(p* +8p—24) 2 +(6p* +20p—32)z I 1=vI=p
asCy < 8(p—1)*(x—1) Vi—p C1H/I-p
o 2 30224342 —9 3(49:3—4a:2+a:) 641
R TPy sy (1) (e 1) N 0<z <1
—(p—4)* (p—1)+8(p+2)a" —16(p+2)2” —2(p* +8p—24)a” +(6p° +20p—32)z I 22=1=vI=p
B 8(p—1)%(2—1) JIp Yoz T,
4> — 8z +162°+222% —34x+9 8 (x—1) 3(2z—1)x Ar+1
\ _(2w—1)(pi49:2—4w) . ﬁ(p—lf(w—l):?%—lzf T (ptda2—4z)Z  2(p—1)2 T I—1) +v z <0,
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Unpolarized PDF :Gluon in quark

 Light-cone splitting function

2

2
(1) pe\  aCp Y p 1
Ty (m?—pg) = [(1+(1 x)”)In g p—— + (1 —x) 2].

s Bare splitting function

pt o
[ (A5l o+ 21520 o 213022 ) 7],

0O —(1+(1—$)2)111IT_1—$‘|‘21 r>1
.,“?J_f(Sl(ﬂJ,,u P#) SZJF ~(1+(1-2)*)n8 -4 +62-2, 0<az<l,
™
(1+(Q-z))mnz= 42 -2, x < 0.

“ Matching coefficient
2
(3,1) Pz Pz '\ _ #(3,1) () {3 1)
:'-"“ngfq (m?rjz?g) - [f’-"ﬂfgij (I’?p_}ﬂ)_lfgxq( 1—) [ a/q ) ]
%(3,1) #(3,1) [ Pz |
"ng;q (E(ﬂ: — 1)+ l,r) :

g/q
4‘1§‘2912 12

@y Ner = |2




Unpolarized PDF :Quark in gluon

 Light-cone splitting function
2

2
p a Tyl o 2 p
) = ; - — 1],
fq,g( p2> o [(:.: +(1—2)%)n T J

s Bare splitting function

LT —(2*+(1—2)*)InE== — 2z + 1, r>1
qug(mjp%O)z ;f —(z?+ (1 — )2)111E 62> +6x—2, 0<a<1
iy
(22 +(1—2))In =t + 22 — 1, xr < 0.

*» Matching coefficient
(1) P: Pz (1) ‘ug #1)
o (en 22 B7) = [Haten 0= 1) (= £2) = e |

(Fapper. = |35 | T, ( (2 —l)—l—lr)

Pz
R
z
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Polarized quasi-PDFs

**Polarized gluon PDF

. d‘f_ —iE T 17— — ]
&fwﬂ(m’mzzfj‘”/ZWE'PJrE 3 P+(P|F+ (& ne )W(E ny,0; Ly, )F7F(0)|P),

*»Multiplicatively renormalizable polarized gluon quasi-PDFs:

AO}(2,0) = ie | ijF"(22)W(22,21)FY (1),
AO2(z,0) = i€y ;;F* (22)W(z2,21)F* (21),
&Og(z:{]} = i€ i F"(20)W(22,21)F* (1),

i "

S ; Y
PLij =5 —5Cmwimn

Zhang, Ji, Schéafer, Wang, SZ, Phys.Rev.Lett. 122 (2019) no.14, 142001
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Polarized PDF: gluon in gluon

(]

“* Projector: Prii=p53

Eﬂyi‘jnfn”.
“ At one-loop level, the partonic quasi-PDF can be written as

;{:A]E;?; () = [tAf] 4 + AeM§(x —1)

1

Acn) — =
‘ (p*)?

AN (g(p)|AOG(0.0)|9(p)).

nZ\2 .-+
AN® = P A ne Zy ane 2
(p)* | P!

with , ,
AE(I) — _a:SCA(]) + G(I)z) )
" 24me(p? + (p#)2) ’
AG2) — asCa(5p° +6(p7)?)
" 24me(p*)?
AE.(S) asC4

Offshell gluon matrix element may mix with gauge variant operators

\/

“ We use 20; to define quasi-PDF
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Polarized PDF: gluon in gluon
* Light-cone PDF

agsC'y £r 32(1_ l) (1_5)
tAf/g({,u): o {{_1[(@, —61—!——1)111 2 8% — 1l 7+ 5 X

% Bare quasi-PDF

(82?2 +4(20%—3z+2)zIn 231 —8x+1

5z=1) x> 1
(3,1), _ a.Ca ) 4(20°-3z+2)zn §+202°—282°+15z—1 .
A fy 7, M(.p) = TeA 5(e=T) ., O<e <l
8z°+4(22° —37+2) <0
L - 2($_1) g[« '< .

The virtual contribution is the same as the unpolarized case

*» Matching coefficient

zACEY (a, r “:f.i) — 2C3 (3, r ‘% ;%) + [(m&fé?;)(ﬂ:,p —0) —af (z,p— o))
(g () a2 e L57)) - T e

{ AfY (i—;(:r —1)+ Lr) f 5 (pf( — 1)+ 1:-rﬂ
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polarized PDF: Quark in quark

% Light-cone PDF

2
(. H _
&fqm’ (ﬂ” _pz)

< Quasi PDF

( (22 ot ST
. (.’1:.‘ —I—l)];'l_lm +x ]? r>1
asCFp 2(z%241) In £+4z% 41
Af) (@) gm0 = 5 ) (I+;“_41;“I+,, O<z<l
(EZ—I—]SIHE_
|~ — x < 0,

“* Matching coefficient

2
Pz Pz, (1) H
aqg;)(i,n?g)—[afq,qz(m,p—m) Af, (—g) (A, /q)”]

4+

(Af D er. =

1 P
&f{ﬁ];rz (E(ﬂ, — 1)+ 1,.-?‘)

-

pz
LP3, 1807.06566, 1807.07431
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polarized PDF :Gluon in quark

% Light-cone PDF

. _m2f1 _ .
m&fé}l(m,g) = asCr (:1,(9: —2)In b (12 z)2 + z? — 5;5)

2T

+» Quasi PDF

3 ( =L 1), x> 1
ﬂjﬂqu (m,p—}D):“*‘Tg‘i z(2(z —2)zIn & + 622 —8.1:—|—l) D<z<1
%(—2:1:—2(9:— 2)xIn = ), =x<0.

“* Matching coefficient

2
Pz Pz =3
eACED (a1, R = {m&féilj(m“a%[))—m&f;;( 4 ) N

=z y (p—R( —1)—|—1,-r>

4/18/2019 25



polarized PDF : Quark in gluon

% Light-cone PDF

a1 —p?(1 —z)x
&fé;;(m,g)zz—;((l—%:)ln (ﬁg ) —4;~;+1)

+» Quasi PDF
EESTJF

ﬂfé};(ﬂ?,p—}[})z (1-2z)ln§ -4z +1, 0<z<l1

2m 2z —1)lnz=l+1,  z<o0.

{(1233)111112, z > 1

“* Matching coefficient

2
ACY) (2,7 ;,;’? _[ fqﬁg(,ﬁjp—}ﬂ)—ﬂfé;;( '”p) (&qug)CT:|

P
(Afgpler.=| &

P
ﬁqug (E(ﬂ, — 1)+ 1,-?’)
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Summary

**The RI/MOM matching for gluon and singlet quark quasi PDF is
studied

**QOperators that can avoid mixing with gauge variant operators are
identified

*+*The matching coefficient in RI/MOM scheme is determined at one-
loop accuracy

*»*Similar calculation can be performed to the GPDs

“*This work provides the possibility of extracting quark and gluon PDFs
from lattice simulation

Thant yow!
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Backup: counter terms

( 22> i dzx—3 3 (3pt+az’+(p—8)z)In oYL > 1
C (2z—1)(p+4z? —4x) 2(p—1)(2z—1) 2(z—1) 4(1—p)3/2(z-1) ’
p(1) _ AsUF ) 43 3 In 102 (3p+42” +(p—8)x)
Jojad®P) = 57 sh ey - Ay 0<z<l
B 222 4 3—dx L3 (3p+4z*+(p—8)x) In 32:—?% r <0
L (2z—1)(p+4x2—4x) 2(p—1)(2x—1) 2(x—1) 4(1—p)3/2(z—1) ! !
( (207 +3p+4(p+2)a” —(13p+8)z+4) 1n% 2(32°—2z)
(s —27) A= @—1) t G prart =)
8(z®—=? 824 3423 44042 — 17242 3(4z-3)
o | “EnerEw e nE-r T -nree-n: . T 1
(1) _ asCF In i__l_v—q_;_ﬁ(2p2+3p+4{p+2)1‘2—{13p+8):c+4) o 3y 3(4z—3)
f@fﬁ":z( ”O) Dar < . 4{1—p}5f2(.r—1) + (p—1)(z—1) + 2(p—1)2 '0 <xr<l
B (2% +3p+4(p+2)a” — (13p+8)a+4) In F2 Yt ‘*’II:E B 2(3z%—2x)
4(1—-p)5/2(z—1) (2r—1)3(p+4x2 —4x)
8(z*~a? —82% 4342% 4022417z —2 3(4z-3)
\ +(21‘—1](p+41'2—4z)2 + (p—1)(z—1)(2z—1)% o 2(p—-1)%(2z—-1)¢ r < 0.
([ 50 —10p+(8p+4)z® —4(p+2)z+8 1 In 22=1-v1-p
- A(p-1)2 Vip Moz 1115
(p—4)p+8(2p+1)x” —4(p* +2p+6)x°+2(3p” —2p+8)x 1
- 2(1—p)?(pt 4z% —1z) T2
C _ 5p®—10p+(8p+4)a” —4(p+2)z+8 1 1 1-/1—p
xf{g’l)(x,%PZ) _ asbr o iy e DT Vi D ir/i,
ZE ar | -(=berieidz-d) 0<z<1
5p° —10p+(8p+4)x? —4(p+2)z+8 1 1 2r—1—/1—p
(-1 » )1-2,0 1(12§-1+v«’1)——p
(p—4)p+8(2p+1)z" —4(p"+2p+6 )z +2(3p" —2p+8 |z
\ + 2(1—p)? (p+Az?—4Ax) ' z < 0.

4/18/2019 28



Backup: counter terms

qu( )
_ P2+ 4(p+2)2” —A(pt2rtd 1 2w-1-yT-p _ (2z—1)(—(p—4)p+4(p+2)z” —4(p+2)x) 1
A(1—p)372 Vip Bor 1115 2(1—p) %/ 2 (p+da? —dz) y T >
_asTf p2—2p+4(p+2):c —4d{p+2)z+4 1 1 1-/1—p —p+122%—12z+44 D<cxz<l1
oo ) 1(1-p)°/2 Vip BliyI—p T T 20-p)F t
P> ~2p+4(p+2)a* ~d(p+2atd 1 1, 20-1-VI-p (2m—1)eip—d)p—rl{pw)z2+4(p+2)r) 0
A(1—p)372 Vi Mo, 2(1—p)* 2 (p+dc? —4z) ) z <U.

( p(p2—3p+8)+8{p—4}1‘ +8( p+5)1: —2(9p2—lﬂp+15)1‘1 2r—1—+/I—p
- 8(1—p)7/7(z-1) R T WY g
+ 4z® + —8a® -8z +14x—3
(28I(—}1}(p-ls-jlrz—4z) 4(p—1)(z—1)(2x—1)
T —x 3(2x—1) dx4-1
T (ptaz2—dx)? + 2p—1)2  A(xz—1) r>1
p(p2—3p+8)+8(p—4}1‘3+8(p2—p+6)z2—2(9p2—10p+16)1‘ 1 1—1—p
m.ﬂf(? Y(z, p) = aCa ) = (422 ) 8(1-p)572(z—1) R RV e
9/g 7 2 3(4z” —dx+1 —162°4+8224+60—3 | 6z+1
N B 4(;1)(;:1) + G 0<z<l
p(p®—3p+8)+8(p—4)x” +8(p” —p+6)x>—2(9p” —10p+16)x 1y 22— 1-I=p
8(1— p)m(z 1) 2x—1+4++/T—p
4z* i 8> +8x% —14x+3
(281(—4}(,043-;112—41) 4(p—1)(z—1)(22—1)
T — 3(2z—1) dx+1
-I-(ch)+«;11'2—4..*-:)2 2(p—1)2 + 4(z—1)" x < 0.
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Backup: counter terms

_ 3p—22% -2 In 2r—1—/T—p
2(1-p) 2 (z—1) N 2z—1+/1-p (o5 _2%)
4> 1—2x2 el S 3
" 0.Cr t @Dt T prDE- D) T pra-a?  2@-D0 T
e _ Ys 3p—2x°=2 1—/T—p 1—2x 3
Afgjq-(2:p) = o ) _2(1fp)3f2gz-1) 9t ooyt aEoy O<z<l1
—3p4-2x 42 ] 2r—1—/T—p
T 2(1-p)3 2 (z—1) N 2z—1+/1-p : )
4z 2z2—1 8(z® —a? 3
| " @D T o De-DEe-D T pram—iy? T ae-n £ <0

¢ (22-1)(p(p+2)+4(p+2)z® +4(p> —2p—2)x)
4(p—1)2(p+4zx2—4x)
(= (o= p+a(p+2)z? ~4(p* —2p+4)z) 1n( 2x-1-vI7)

2z—1+1-p 1
c 8(1—p)o/2 ; T =
#(3.1) _ a,CF 2 )z In(1Z=2) (—(p—4)p+4(p+2)x>—4(p>—2p+4)x
A f 5 (xp) = 5 ) p+12 4&-4_(.10}24) +2 4 (v‘?—l—‘ﬂl)( P 8:’1—;5” (=20 ))1 0cr<l
(22—1)(p(p+2)+4(p+2)z° +4(p” —2p—2)x)
o 4(p—1)2(p+ax?—4x)
((p—d)p—d(p-l—ﬂ)mz+4(p2—2p+4)$) ln(%)
|+ L . x < 0.

( p+8x242(p—4)x p+dx—2 1 2r—1—+/1—p 1
- 1-p(p+dz?—4dz)  2(1—p)3/2 1 2r—1++/1—p"° T >
J,F(l) _ asTy ! 14z prae—2 11 0crel
/9 2 1—p  2(1-p)3/2 7 14V/T+p’
p+8x2+2(p—4)x ptdz—2 | 2r—1—+/T—p <0
\ 1—p(p+4z*—4zx) + 2(1—p)3/2 1 2r—14+/1—p° I '
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