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| Motivation

® Nucleon structure (leading twist)

® Structure functions from first
principles

® Understanding the behaviour in
the high- and low-x regions
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| Motivation

® Scaling

® (- cuts of global QCD analyses

® Power corrections / Higher twist

effects

® 'T'wist-4 contributions

® Kinematic effects
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| Motivation

® New physics searches k R .k

® Weak charge of the proton

® y— W/Z interference




' Motivation

® 'Technical 1ssues

® Operator mixing/renormalisation issues in OPE approach in LQCD

twist-2 ( 2Q 2) twist-4
cy(a
(0 = ex@ Q@) + == 5@+
% O
1/a* divergence mixing

® 4-point functions are costly; harder to tackle

® Feynman-Hellmann approach needs 2-point functions only



® Forward Compton Amplitude &

the Nucleon Structure Functions

® Feynman-Hellmann Theorem &

the Compton Amplitude

Moments of the Nucleon Structure Functions

® Scaling and Power Corrections/Higher-twist effects
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® Forward Compton Amplitude




' DIS and the Hadronic Tensor

Deep (Q? > M?) inelastic (W? > M?) scattering (DIS)

e e ® Lk, k" incoming, outgoing lepton momenta,

k k'

® p: 4-momentum of the incoming nucleon of mass M

® W?=(p+ g)* invariant mass of the recoiling system, X

~ 0’

X = . Bjorken scaling variable
2p - q

® ® =x"!: inverse Bjorken variable

® (%= — g% photon virtuality,

momentum transferred to the nucleon




' DIS and the Hadronic Tensor

Deep (Q” > M?) inelastic (W > M?) scattering (DIS) do ~ L]ﬂUWLU j=v,Z,and yZ (neutral) or W (charged)
e e leptonic tensor hadronic tensor
k K’
= — [ @' (p, S| Ju(2), L (O] 8

1
Pss’ — 5555’

| q,u v Structure Functions
— _g,UJ/ | q2 —
_I_ p,LL D Q,u vV 9 QV

q q P9
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| Forward Compton Amplitude

' q- / . 1 W —
T/’”/(p9 Q) — le4Ze 7 s’ <p9S ‘g{JM(Z)Jy(O)} ‘pa S> ,» SPII1 aVE. Pgg’ — —588/ L Q2

2
4.9, P q P q
— <_g/,u/ + qz )'I' (p,u T qz q,u> (pl/ o qz

Compton Structure Functions (SF)

JM(Q) Jﬂ(q)
~ 21Im S -
N(p) - N(p) -

DIS Cross Section ~ Hadronic Tensor Forward Compton Amplitude ~ Compton Tensor

11



' Nucleon Structure Functions

® Consider:
pu=v=3and p,=q, =0 Ima)
Ty3(p, @) = F (@, 0%) W= 1/x

® Optical theorem relates the Compton SF to DIS SF
Im ‘O}:l(a)a Q2) — 27Z'F1(X, Q2)

Re w

so we can write down a dispersion relation:

_ 2w? [*° Im%(w,0%) 7%
LC9‘71(609 Qz) — J da), , 1 , .
subtracted 7t ] a), (a) 2 — a)z o l€)
dispersion relation
1 2
o 1 —x’w?—ie

12
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' Nucleon Structure Functions

® Aslong as |wy| < 1,

Imw

Minkowskil and Fuclidean amplitudes

are 1dentical

® |w)| < 1 means states

propagating between currents
cannot go on-shell

J.(q)

 o——

N N
EX(p+q) > EN + 4o

‘a)zl/x

Re w




' Nucleon Structure Functions

Compton amplitude with

T33(p, Q) — 37'1(60, QZ) Compton SF \ﬂ: 02

pu=v=3and p,=¢q,=0

[ ! x F(x, : we are at the unphysical lwl < 1 region, no need for ie
F(@,0% = dw* | dx—
filil;bggla‘bsciger?relaltion | 0 1 - xza)z TaleI' eXpand [1-({L‘w)2]-1
— 1
= Y207 MQY) e MUQY =2 dex I 0%
n=1 0

Mellin moments of the nucleon structure function F;(z, Q?)

Once we have the Compton amplitude data, we can extract the Mellin moments!

T3s(p.q) = ) 20™"M)(Q?
n=1

14



| Shape of the Compton Amplitude

Structure function (leading twist) 0.4- Compton Amplitude

NNPDF3.1 NNLO 00 ,
100 sets I:(p,q) = 2 2w
Q2 = GeVZ n=1 Moments
(DIS region) of the DIS

Structure Functions
15
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the Compton Amplitude




' FH Theorem at 1st order

® in Quantum Mechanics:

oF oH H,: perturbed Hamiltonian of the system
- — <¢/1 ‘ a /{1 ‘ ¢ ,1) E,: energy eigenvalue of the perturbed system

O/

® expectation value of the perturbation of a system is related to the shift in the energy eigenvalue

¢,: eigenfunction of the perturbed system

® in Lattice QCD: energy shifts in the presence of a weak external field

e.g. local bilinear operator

S—>SA) =S +/1 d*x O(x) — GWrq® T, €{L7,75 )

real parameter

@ 1st order
‘@ 1 E,1 — SpectI'OSCOpy, 2-pt function Applications:
— ® o - terms

o) ZE'/1 (0]610) — determine 3-pt ® Form factors

17



| Compton Amplitude from FHT at 22d order

® unpolarised Compton Amplitude

J.(q)
S i 1,.(p,q) = J'd4zeiq'Z<N(p)lf’7 (/,(2),0)} [ N(p))
N(p) - : ! Z-pt function

® Action modification local EM current

S — S(A) =S+ ﬂJd“z (e + e () S () =2 e,q(2)y,4()

Ly(P-q)

0°Ey,(P) B

0A? B 2EN(P) J
1=0

d*ze'Y*(N(p) | T (] ()] (0} IN(p)) + 9 = — ¢

Determine the Compton Amplitude from second order energy shifts!
18



I Compton Amplitude from FHT at 2rd order

® Spectral decomposition of a 2-point nucleon correlator in an external field, €2,,

Gy (p; 1) = /d3xe"PXI‘(Q,1|;((x 17(0)|Q;) ~ A, (p)e Fx P!

® Take the 2nd order derivative, Non-Breit frame, |p|# |pxq| = 0
8G,” (p;1) Evoy | 2A2(P) (A aE p) & Ey (p)\?*
’ — o—En(p)t '1 '1 A ’ t°A &
s Il ke Sl )+ (C5D)
2~(2) (. 2
8/1 1=0

OA?
quadratic energy shift

temporal enhancement ~ e fn®)

19




I Compton Amplitude from FHT at 2rd order

® 2-point nucleon correlator in path integral formalism,

2 (x,0)x(0)), =

for simplicity define: G = /d3xe_ip'XF)((X, t)y(0)

® Take the 2nd order derivative,

20

0°(9),

Y

|
/1)/Dl//Dl/‘/DU)((X,t))'((O)e‘S(’D where

S(A) =S+ / d*z(e'r* + e7'1%) T ,(2)

o552 (o228 fo|

ag(j))2>ﬁ2<g>ﬂ<am i 8S<ﬂ>> < ><i§{% < ( >>z

no quadratic perturbation = 0 does not vanish in general, as A — 0, vacuum m.e. of ext. current (dS(4)/01) = 0,
but only affects the free-field given that the operator does not carry vacuum quantum numbers.

correlator

EM current satisfies this condition.

® Thus the second order energy shift comes from,

0°(9),

0N

A=0

0S(1)\?2
(B,
8/1 \ terms that are not time enhanced



I Compton Amplitude from FHT at 2rd order

® back to full form,

(’92G§2)(p; 2| R B T _ OS(ON*\  here B [ iz | g
B = [eremr(aanzo) (F50) ) viere SR [ dafeins e 7,0

note that (---) is evaluated in the absence of the external field

® writing the 2nd order derivative explicitly,

o - [ dwerr | d“yd‘*z(ew+e-lq-y><e"ﬂ+e-uﬂ><x<xﬂ<°>>
A=0

__—

need to resolve the time ordering of the currents

21



I Compton Amplitude from FHT at 2rd order

@® possible time orderings and their contributions:

T (za) T(ya) X(@©) X (0)
B ———& ~ e, by % Ly

no time enhancement

T(za) X(@®) X (©0) T(ya)
®—® —® —® ~c¢ = E,>FE),

no time enhancement

T(za) X(@) JT(ya) X(0) )9
® ®  ® —® ~te bt MN — 0

there is time enhancement,
but due to non-Breit frame kinematics — 0

22



| Compton Amplitude from FHT at 2ud order

® relevant contribution comes from the ordering where the currents are sandwiched

X(t) J(z4) T(ya) X (0)

® under the condition |w| < 1,

Ex(p +nq) 2 Ex(p); |
so the intermediate states SZ 2.5]
cannot go on-shell 2 2.00
® oround state dominance is 1,55_
ensured in the large time limit 1 O

23

[
NtJ dA e~ A

q=2r/L(4,1,0)

‘§2q)

Ex(p+q) — Ey(p))

le

\@.

(p + nq)”

discrete set of states p=2z/L(-1,-1,0)
{ [l =0.59 i
| ! :
: : :
s
i :
E ' :
' X( : q) 3§ Nz threshold s dispersion relation
o 0 -
! L = \/ m]%] +
Ex(p+q) -
EN(p) .
-1 0 1 2
n



I Compton Amplitude from FHT at 2rd order

® relevant contribution comes from the ordering where the currents are sandwiched

X)) JT(za) T(ys) X(0)
VP — ——

2~(2) /..
L O e

R P k
insert sets of complete states, and use translational invariance, g 1X) <X| Z | Y)(Y]
Y
asz) (p: t) Bk e—Ex(®)t ,—(Ey(K)—Ex(p))r |
’ — 9 E d3 d d i(k—p)y(,iqy iq-y iq-z —iq-z
02 / ’ / T/ ’ / A (p)Ey(k) e e (et e
< I'(Q[x(0) U 2=y, 7 —=7)7,(0,0)[Y(k)){Y (k) [7(0)]€2).
carrying out the integrals and the remaining algebra,
32G§\2) (pat) A(p) —En(p)t 4 1q9-z —1q-z
5 = tem =R [ di2 (e + e )N (P)[T 1T (2) T (0) 3N (p))
O\ N 2EN (p)

24



I Compton Amplitude from FHT at 22d order

32G,(£ /)lgl); t) g _ (82‘3;1151’) — tA(p) 62}3:’;2 (p)) e—En(p)t from spectral decomposition
aQGgigp; ) g - :Eélifrzi)) 1o~ Ex(p)t / d*z(e"% + e ") (N (p)|T{T (2)T (0)}IN(p)) from path integral
® equate the time-enhanced terms: T, (P,q)+T,,.(p,—q)
I E——,
0°En, (P) !

N |, 2En(p) / d*2(e'" + e (N ()T (2) T (0)IN (p))

Compton amplitude is related to the second-order energy shift

25
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| Lattice Details

QCDSF/UKQCD, 323x64, 2+1 flavor (u/d+s)

p = 5.50, NP-improved Clover action
Phys. Rev. D 79, 094507 (2009), arXiv:0901.3302 [hep-lat]

m_~ 470 MeV, ~SU(3) sym.
m_L =35.6 _a =0.074(2) fm

64 a
4.7 fm

/ | 323 ad

Unmodified ~ 2.4%tm3
QCD background

27

® Valence u/d quarks with modified action, S(1)
® Local EM current insertion, J,(x) = Z,q(x)y,q(x) with Z;, = 0.8611(84)
® Feynman-Hellmann implementation at the valence quark level

® 4 Distinct field strengths, 4 = [£0.0125, £ 0.025]

® 5 different current momenta in the range, 3 < 0% < 7 GeV?

® 0(10%) measurements for each pair of Q% and A

® Access to a range of w values for several (p, g) pairs
® An inversion for each g and A, varying p is relatively cheap

® Connected 2-pt correlators calculated only, no disconnected

® Jacobi-smeared sources and sinks, rms r ~ 0.5 fm

® Statistics from 200 bootstrap samples
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| Strategy | Kinematic coverage

® Access to a range of w values for several (p, g) pairs

%
N/

External momentum

2T
7= 1(3,5,0) —
q (77)L

Can access different w
by varying the
nucleon momenta

RIS

\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\

pL/2m

Blue dots: different nucleon Fourier momenta

~
O35
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| Strategy | Energy shifts

® Extract energy shifts for each A

: $ XA =0.0125
1.06 £ A =0.025

1.04

Ri(p, t)

®
I L
1.00 Fo——g-——o—B8 o ®
=

A =0 line
0.98 1| = (1,6,0) 27/1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
t/a
0.000
{ A=0.0125
0.0051 § Xx=0.025
= 0.004 L. L) { ____________________
i::: . ) ! { -4
32 0.003- ;
()
e 5.002- ;
) : i
L S S S
o T Effective mass of ratio
S0.001 = R

0 5 10
t/a

15

20

2-pt functions

a=0.074fm
m, ~ 470 MeV

323x64, 2+1 flavour

Ratio of perturbed to unperturbed

G ). DG (p, 1)

R;(p, 1) = >
(G@(p, 1))
tz(g A,(p) o 2AEN, ()




a=0.074fm

| Strategy | Energy shifts

® Extract energy shifts for each A

30

0.006

{ A=0.0125
0.0051 § Xx=o0.025
= 0.004 )
i_ = ) I
sl 0.003 -3
5 0.002 =
a0 [}
S 000-—s-oirEibp i
0.0
po(10.0) (m/1)
—0.001 : i
® Get the 2nd order derpvative
X103
1.81 ¢=@4,1,0) 2n/L \4’
a 1.4_ p=(1, O, 0) 27T/L )//,/
EﬂK 1.01 ¢ ”””””””
1 ., S
] e
0.2

0.000 0.005

0.010 0.015 0.020 0.025

A

323x64, 2+1 flavour

Ratio of perturbed to unperturbed
2-pt functions

G ). DG (p, 1)

R;(p, 1) = >
(G@(p, 1))
tz(g A,(p) o 2AEN, ()

Slope of the curve

/12
AEG(p) =5 + o0
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a=0.074fm

| Strategy \ Structure Functions =
q = (4,1,0)22/L, Q% = 4.66 GeV*

2.0

—0.5"

¢
¢

uu

dd

Remember our kinematic choices

pu=v=3and p,=q,=0
T33(p9 q) — ‘Oj;l(a)a Qz)

q =(4,1,0) 2w /L

0.12

fixed q varying p — range of w values

0.24 0.35

0.47

W

0.59

0.71

0.82 0.94

&= 1/x =

0°Ey () _ T + Ts(p, — @)
021 2EN(P)
)=
_ L67?;1(609 Qz)
En(p)
2p - q
Q2
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a=0.074fm Remember:

®
~ .q) = °°_ 2n (;? 2
| Moments | Fit e

I33(p, q) = F (o, QZ)

Sample the moments from Uniform priors

individually for u- and d-quark

~ 2 (0, 1)

MM(Q?

MD(Q?) ~

(D
( MZn 2

. A 2 _ 2 (o 2\ 2 4(1 2 43401 2
- % o q=(@1L0)2IL QP = 466GeV | F (0, 0% = 4w M( (0?) + w M( (0?)
| [ - /
5 e + oM Q) + - )
~ 1.0 |
3 1
SO - /L ® Enforce monotonic decreasing of moments
S : for u and d only, not necessarily true for u —d
0.0, T -
M@ > M(QY) 2 - 2 MP(QY) > -+ 20
—0.95] i g =(4,1,0) 27 /L
0.12 0.24 0.35 0.47 0.59 0.71 0.82 0.94 We truncate at n = 6
“ No dependence to truncation order for 3 <n < 10
® Bayesian approach by MCMC method — least-squares fluctuates,

tricky to impose monotonic deceasing and positivity bound

Multivariate Likelihood function, exp(—y?/2)

X~ = Z [ﬁl,i — §{fbs(wi)] Ci ! [gu — ﬁ?bs(mj):
©) i o

covariance matrix




I M a=0.074fm
m_ ~ 470 MeV
O m e nt S 323x64, 2+1 flavour
0.7
Isovector moments ® @=2711 A Q=548
0.6 ® 0*=35 @ Q=713
— u—d ¥ Q2=4.66
0.5
®
= 0.4 { }
S
L 0.3 +
—~ :'\
:Eg 0.2 % } + {
4
dK2T
1 2 ' 4
n

lowest moment




® Scaling and Power Corrections/Higher-twist effects



| Scaling

a = 0.074fm
m,, ~ 470 MeV

323x64, 2+1 flavour

® Unique ability to study the Q? dependence of the moments!

Lowest isovector (u — d) moment

— MV +C,, /10

of nucleon structure function F;

2

3

4 5 6

Q° | GeV?

Possible for the first time
in a lattice simulation!

® Global PDF-fit cuts ~ 10 GeV?
® Credible scaling region ~ 16 GeV?

® Need Q% > 10 GeV?* data to reliably
extract moments and report at
u=2GeV

Scaling

>

35



a = 0.074 fm

' Power Corrections -y

® Compton amplitude includes all possible power corrections!

0.8} . ® Power corrections below ~ 3 GeV? ?
Lowest isovector (u — d) moment
071 f nucleon structure function F : S
— 0 al Ol Nnuclieon structture 1runction 1 o naive mOdeHlng V1a,
%, 0
‘g’ 0.5 ® M(l)(QZ) — (1) +C, /Q2
0.4
2o 0.3 ® Need more statistics and lower Q2
0.2 { % data
= M + C,,/ 02
0. | ' ' ' ' ' '
1 2 3 4 5 6 7 8 9

Q° | GeV?

<

Power corrections
36



Outlook




| More on Scaling & Power Corr.

® Preliminary data points from 48> X 96 configurations

0.8F ® 323x64,a=0074fm,m_~470MeV | qualitative comparison

O 48°%96,a =0.068 fm,m_ ~ 410 MeV

0.7 no systematics yet

0.6
0.5
0.4

uu—dd( Qz)

1)
2,

0.3

0.2+
0.1r

0 1 2 3 4 5’ 6 7 8 9 10 11

Q* [GeV?|

38



| Higher Twist

pure Twist-4 contributions

ud interference term

39



1.0+

0.8

5 0.6
«

3{ 0.4
)

o

w B

|p\ 0.2

0.0 1

—0.21

40

| Higher Twist

® Twist-4 contributions: ud interference term

uU
dd
ud

P e Fed

g =(3,1,0) 2w /L

0? = 1.43 GeV?

101
* % ‘i\\
0.0 0.2 0.4 0.6 0.8
W

2.5
2.0}

1.5}

]:.lq(w’ Qz)

0.0/
—0.5 i

—1.0

&

a = 0.068 fm
m, ~ 410 MeV

483x96, 2+1 flavour

1.0}

0.5

0’ = 7.14 GeV*

g = (7,1,0) 27/ L

X 102

4**—2—2—.***1I£:—*=Hr} I

S S S
0.8

0.0

0.2

0.4

0.6

vanishes asymptotically ~ 1/0Q?




| Higher Twist

0.00
—-0.02
—-0.04
—0.06

. —0.08

s :1' |

Lowest moment of interference T1 |

— - e

e e

—

=

|

|

1

b B=5.4,323x 64
5 B=5.5,323x64
¢ B=5.65,48%x 96

Q%(GeV?)

8

slide courtesy of

10

Ross Young
(Pacific Spin 2019)



|F, and F,

e LC57;2(609 QZ)
q,4, p-q p-q \ Fiw, 0%
L (p,q)=(—g + )9"1(@,Q2)+(p - q)(p - 61)
ol g o )N ¢ ) peg
® u=v=3and
p.=q9.=0 — Ty, Qz) = — 837 (0, Qz)
® u=v=4and p, =iEy, g, = 0:
o 2 EJ%I @ 2 o)
T44(P,q) = —844F (0, 07) + D qu(w,Q ) ,wherep - g = Q“w/2
F (@ Qz) _ [T (p, @) + Tan(p q)] Qza) I, can be extracted via F'H approach
2 AR 3N ZEZ%I simply by choosing the temporal

\_/Components of the currents

42



| F, and F;

® I, and the Callan-Gross Relation

4M1%,)c2
Q2

1 2 o0 1

F (0, Q%) = 4w [ it = ) 20"MP(©Q%, MQ?) =2[ dx x>~ Fy(x, Q%)

Y22 n
0 | — x“w - 0

Q°—co

Fi(x, 0?) = (1 + ) F5(x, 0?) — 2xF(x, 0?) > ()

1

1 2 00
F (0, 0% = 4a)2J 29 Y 40?20, M,(Q7) = J dx x™""*F(x, Q%)
n=1

0

2,02
0 1 — x“w

43



1.0 f

1.0 f

1.0 f

M3 (Q?)

| Callan-Gross tests

M2 (Q?)

a = 0.068 fm
m, ~ 410 MeV

483x96, 2+1 flavour

MM (@)

0.5

0.0

Suu &dd ¢ ud

& Myt b AmR/ QM
¢ M b ami/Q* M

Sbuu €dd & ud

0.5

0.0

0.5

0.0

| §Mpd § 4md, QMM
¢ || o @ e
i ¢ o || -‘i : I <l i i i ;
Z Q || i
.. i ® | ‘@ 0@ @ « | i A
¢ uu — dd ¢ Mru—dd B am2,/ QM4 ¢ uu — dd
o o '% jé _________ i } i
¢ | ® ; 8
¢p ¢ MP  §am?2,/Q*M?P ¢p
¢ 6 e * o || : @ ¢ b
s 4 5 6 7 > i 5 6 7 > T 5 6 G
Q? [GeV?] Q? [GeV?] Q? [GeV?]

44



' Subtraction term

[ ] J. C. Collins, Nucl. Phys., B149:90-100, (1979)
‘ C O t t 1 I]_ g ham fO r I l l u ]_a : [Erratum: Nucl. Phys.B915,392(2017)]

A. Walker-Loud, C. E. Carlson, G. A. Miller, PRL108, 232301 (2012)

W SN = 5Mel 4+ 5Minel 4+ 5Msub 4+ 5Mct % q/4
‘ ‘ FAD e : dQ*T7"(0, Q%) ‘ ‘ﬁJ
y \\p

V \\p 16w M
EM self energy is related to //

the spin-avg. forward Compton amplitude

® Subtraction term TI(O,QZ)

2w? [ Im % (0, 0?
91(60, Q2) — — @ J do’ 1( Q )
ToJ @' (a)'2 — w? — ie)

® dominant uncertainty

Imw

Re w

® not accessible via experiments

® can be calculated via FH approach
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® Subtraction term ~ 1/0%, OPE exp[

Subtraction term

Recent attention:

J. C. Collins, Nucl. Phys., B149:90-100, (1979)

0_
$
A-Z'iﬁe@:we b4 8 - &
o
S
S 7%
A -10- _
. % does not behave as expected e
® possiblelattice artefacts? (contact term)
"T ® indication of a fixed pole!? (probably noft)
_1-
(@
O: —2- ﬁig ¥ g 7" ¥ s ¢ Y Y
e
SQ 3 ?
B~ plot courtesy of E. Sankey, Honours thesis, Uni. of Adelaide (2020)
—4 | data from: K.Y. Somfleth, PhD thesis, Uni. of Adelaide (2020)
0 2 4 6 8 10 12 14 16
Q° (GeV?)

Erratum: Nucl. Phys.B915,392(2017)]

ectation

F. Hagelstein and V. Pascalutsa, arXiv:2010.11898 [hep-ph]
J. Lozano, A. Agadjanov, J. Gegelia, U.-G. Meissner
and A. Rusetsky, arXiv:2010.10917 [hep-lat]

18 Subtraction term - FV effects
m_L ~ 4.5
T e S
204+ .‘E_OBQ__co_nst ____________________________________________________________________________________________________________
g=(4,1,0)2m/L
TR, I 1 I - Q2=545GeV%
O
O 2.2 e
Sm m_L ~ 6.8
im =23 1604 confs,
g=(5,3,0)2mL
S A 02=486Gev:
225 A B
| b5p65kp122005kp122005
-2.0
32x64 48x96




| Summary

® A new versatile approach!

® Systematic investigation of power corrections, higher-twist effects

and scaling 1s within reach
® Overcomes the operator mixing/renormalisation issues
® Can be extended to:

® mixed currents, interference terms (work in progress...)

® spin-dependent structure functions

® GPDs (A. Hannaford-Gunn, M. Phil. thesis, Uni. of Adelaide (2020))

further questions/comments — kadirutku.can@adelaide.edu.au
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| More on Scaling & Power Corr.

® Preliminary data points from 48° X 96 configurations

qualitative comparison

no systematics yet



' PDFs

® determining the PDFs | x-coverage

CEP’l(ZE?C?Q)
1 — x2w?

< formalism in w space

_ 1
T33(w, Q%) = F1(w, Q%) =4w2f0 dx
1
= / de K (x,w)Fi(z,Q%), < back to x space, inverse problem!
0

® Fredholm integral eq. of the 1st kind: an ill-posed problem

® starting from the phenom. ansatz

b C
va ax’ (1-z)I'(b+c+3
Fl(vaQ)Ep l(a,b,c)z ( ) ( ) : ' °
I'(b+2)'(c+1) evaluate the dispersion integral

Ty (w) =4daw?s F, L (b+2)/2, (b+3)/2 °w2] =4daw’( cola,b,c)+ci(a,b,c)w’

(b+c+3)/2, (b+c+4)/2°

+ co(a,b,)w* ++e,(a, b, c)w™+ -
generalised hypergeometric function 2( » ) n( y Vs ) )



' PDFs
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Bayesian MC sampling
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