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Proton spin puzzle:
Determining the angular momentum distribution inside of the proton
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Proton spin puzzle:
Determining the angular momentum distribution inside of the proton

Jaffe-Manohar Spin Sum Rule:

1
proton spin =

2
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Helicity Parton Distribution Functions (hPDFs)

Quark spin contribution:

2/dx Zq: Aq(x, Q%) + Ag(x, Q?))
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Helicity Parton Distribution Functions (hPDFs)

Quark spin contribution:

So(@ 2/c/xZAqu2 + Ag(x, @%))

e--&-

@ Q2 resolution at which we probe the proton

@ X X % we need theory to find the dependence of

Helicity PDFs:

Ag =
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@ Using first principles QCD, we are able to describe the small-x
evolution of helicity PDFs
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@ Using first principles QCD, we are able to describe the small-x
evolution of helicity PDFs

@ This evolution requires that that an initial condition be fit to data

@ We use the JAM framework to determine the parameters of the initial
condition

@ Resulting in the successful description of polarized DIS and
Semi-inclusive DIS data
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@ Using first principles QCD, we are able to describe the small-x
evolution of helicity PDFs

@ This evolution requires that that an initial condition be fit to data

@ We use the JAM framework to determine the parameters of the initial
condition

@ Resulting in the successful description of polarized DIS and
Semi-inclusive DIS data

@ Allowing for the extraction of hPDFs and the computation of

Sq(Xa QZ)
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Calculating Helicity Distributions

Helicity distributions are computed from the polarized dipole amplitude

'”QT22 n
_ N, S/NS
AgT™(x, Q%) = 27:3 / dn / dsio G3'™ (s10,7)
0 max{O,nfln %}

AgT = Ag+ Ag, Ag- =Aqg—Ag

= 0 ——F=

1 1r

e Rapidity, n = In 3, z = momentum fraction of quark
@ Log of transverse momentum, s;g = In ﬁ X10 Separation between
10
quarks
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Kovchegov Pitonyak Sievert (KPS) Evolution

The polarized dipole amplitude evolves through small-x helicity (KPS?)
evolution

In the large N, limit, evolution closes:

Gqs (5107 77)

7] l

/ / dsor [T q(s10, 521,7) + 365 (s21,7)]

= GqS(O) (5107

!(Kovchegov, Pitonyak, Sievert: (2016), (2017), (2017), (2017), (2017); Kovchegov
& Sievert: (2019);Kovchegov & Cougoulic :(2019))

D Adamiak (OSU) JAM small-x DIS 2022 5/16



Kovchegov Pitonyak Sievert (KPS) Evolution

The polarized dipole amplitude evolves through small-x helicity (KPS?)
evolution

In the large N, limit, evolution closes:

G5(510> 77)
N n n'
QslNe
— Gg(o)(slo’n) o dn,/dszl [rq(510,521, )—{—3G (521, )}
510 s10

o 4(s10,521,7") is an auxiliary function which obeys a separate integral
equation that mixes with G?.

!(Kovchegov, Pitonyak, Sievert: (2016), (2017), (2017), (2017), (2017); Kovchegov
& Sievert: (2019);Kovchegov & Cougoulic :(2019))
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Kovchegov Pitonyak Sievert (KPS) Evolution

The polarized dipole amplitude evolves through small-x helicity (KPS?)
evolution

In the large N, limit, evolution closes:

G5(510> 77)
N n n'
QslNe
— Gg(o)(slo’n) o dn,/dszl [rq(510,521, )—{—3G (521, )}
510 s10

o 4(s10,521,7") is an auxiliary function which obeys a separate integral
equation that mixes with G?.

° Gj(o)(slo, n) is a flavour dependent initial condition that is fit to data.

S
° Gq (0)(510777) =ag n+ bq S10 + Cq

!(Kovchegov, Pitonyak, Sievert: (2016), (2017), (2017), (2017), (2017); Kovchegov
& Sievert: (2019);Kovchegov & Cougoulic :(2019))
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Non-Singlet Evolution

n n'dsp;
NS(0
GJ>(xo, 25) = Gq ©(s10,7) / / G (s21,7')
0 sio—n+7’
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Non-Singlet Evolution

n n'dsp;
NS(0
GJ>(xo, 25) = Gq ©(s10,7) / / G (s21,7')
0 sio—n+7’

° Gf(o)(slo, n) is a flavour dependent initial condition that is fit to data.

S0
° Gq( )(510,77) =aq N+ bg s10+¢cq
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Mid-talk recap

Sa( @ /dx Y (Aq(x, Q%) + Ag(x, Q%)
q

I\J\l—l
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Mid-talk recap

/dx Z Aq(x, Q%) + Ag(x, Q?))
q

I\J\l—l

/]\

N
27:3 /dn/dslo G (510, )

Aq(x, @) + Ag(x, Q%) =
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Mid-talk recap

1 2 2
Sq(Q? 2/dxzq:Aqu + Ad(x, Q%))
/]\
2 — 2 Nc
Aq(x. @)+ 830, @%) = 55 [ dn [ dsi 65101
T
G2 (s10.1) = Gg”(s10,m)
N n n
[0
+ ;T‘_C/dn//dSm |:rq(510,521, )+3G (521, ):|
510 S10
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Mid-talk recap

1 2 2
Sq(Q? 2/dxzq:Aqu + Ad(x, Q%))
/]\
2 — 2 Nc
Aq(x. @)+ 830, @%) = 55 [ dn [ dsi 65101
T
G2 (s10.1) = Gg”(s10,m)
N n n
[0
+ ;T‘_C/dn//dSm |:rq(510,521, )+3G (521, ):|
510 S10

To determine Gqs(o), we need GC’IVS
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Constraining the initial condition

What enters observables are linear combinations of hPDFS

Agt = Ag+ Ag
Agq- =Ag—Ag
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@ Data exists for two observables that contain these hPDFs in linearly
independent combinations: g’ and gf'.
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Constraining the initial condition

What enters observables are linear combinations of hPDFS

Agt = Ag+ Ag
Agq- =Ag—Ag

@ Three relevant hPDFs in DIS: Au™, Ad™ and As™

@ Data exists for two observables that contain these hPDFs in linearly
independent combinations: g’ and gf'.

1
g% Q) =5 ZiAq"(x, @)
q
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@ The observables are the semi-inclusive, spin-dependant glh structure
functions
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Constraining the initial condition

What enters observables are linear combinations of hPDFS

AgT = Ag+ Ag
Aqg  =Ag—Ag

@ All hPDFs relevant in SIDIS: Aut, Ad™,As™, Au—,Ad™ and As™

@ The observables are the semi-inclusive, spin-dependant glh structure
functions

gh(x,z,Q%) = Zzqu (x, z, Q2)Dh(z Q%)

° Dg is the fragmentation function, taken from JAM fits

@ 2 projectiles (proton neutron), 2 measured hadrons (pions, kaons)
that have 2 different charges — 8 new constraints
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Observables predicted by our formalism: Double spin asymmetries in DIS

N _ M
o o
Al

1 (}) is Positive (negative) helicity electron
1 ({}) is Positive (negative) helicity proton
A1 is a virtual photoproduction asymmetry

T A

x A1 X g1

k'
j_J/
k 7

5
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Observables predicted by our formalism: Double spin asymmetries in SIDIS

o _ 1

Aj(z) = AT+ ot & &1 (2)

h is the tagged outgoing hadron

z is the momentum fraction of the virtual
photon carried by the tagged hadron
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Fitting to SIDIS data
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First simultaneous fit of small-x theory to polarized DIS & SIDIS data
Cut of x < 0.1

Cut of 1.0 < Q% < 10.4

Cutof 0.2<z<1.0

Describing 234 data points

With a x?/npts = 1.01
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(Preliminary) Helicity PDFs

zAut(z) at Q¥ = 10.00 GeV?

zAu~(z) at Q% = 10.00 GeV?
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107 107 107 107 07 0 107 07 107 102 107
T T

xAd(z) at Q* = 10.00 GeV?

0=

107" 10-2 10

€T

cAst(z) at Q> = 10.00 GeV?

100 0=

1072 10T

3z

101
xr

xAs™(z) at Q% = 10.00 GeV?

10°* 107 107 107




(Preliminary) Total spin contribution

AY =Y Agt(x,Q?)
q

rAX(z) at Q% = 10.00 GeV?
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(Preliminary) Total spin contribution
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(Preliminary) Total spin contribution

AY =Y Agt(x,Q?)
q

rAX(z) at Q% = 10.00 GeV?
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@ Good control over the uncertainty!
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Conclusions

We have a theory that describes the hPDFs in terms of the polarized
dipole amplitude

Performed the first small-x fit of world polarized DIS and SIDIS data
Predicted Ag* and AY down to x = 107>

While maintaining control over the uncertainty

In the future, incorporate higher order corrections to the theory and
perform an EIC impact study

Thank you!
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Backup - DIS data
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Backup - more SIDIS data
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Backup - more SIDIS data
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