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o Part |: Large = behavior of nucleon
spin structure.

o Part Il: Constraints from direct photon
data at large  on PDFs.
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Motivations: “Large x behavior of nucleon spin structure”

o Valence PDFs at large x — direct connection with
models of nucleon structure.

o Opportunity to study the behavior of Ag/q ratios at
r — 1.

o Impact of finite Q> & nuclear corrections to parton
distributions at high z (following CJ).

o Non trivial interplay between pQCD and the nuclear
models at high z.
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Motivations: “Large x behavior of nucleon spin structure”

o pQCD:
¢~ (1—2)*q" ~ (1 —2)°
e Some of the consequences:

Agq/q—1 (for all flavors)
A1 — 1

o To test the above statements, a global analysis of spin
PDFs (SPDFs) at large z region is needed.
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The JAM global analysis of SPDF

o The bulk of the available data are the polarized
inclusive DIS cross section asymmetries:

ot _ gt
A= o+ ot D(A; +nAs)
o= —ol=
T
(91 —7°92) (91 + 92)
A = A = -  — 7
1 2 2 =7 2

o Theory predictions for polarized observables depends
on unpolarized PDFs.
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The JAM global analysis of SPDF

o To ensure that leading twist contribution dominates
the scattering process, cuts on Q? and /2 are
imposed.

o Typically for unpolarized PDFs )? > 4GeV? and
W2 > 14GeV?.

o These cuts are severe for global SPDF analysis.

W2 =M%+ Q*(1/x —1)
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polarized DIS data
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polarized DIS data
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polarized DIS data

Q? (GeV?)

Q? (GeV?)

Q? (Gev?)

10* 10% 10?
T T T T T T
COMPASS (npts = 31) EMC (npts = 10) HERMES (npts = 103)
B
10" 4 S0 E E
o]
1(][] - Tl - Tl 100 Vl - Tl 100 Tl -
1073 102 107! 10° 1073 102 107! 10° 1073 102 107! 10°
X X X
10* : : 10* . : 10? : .
JLabHallA (npts = 6) JLabHallB (npts = 0) SLAC (npts = 853)
10| {1 Swt i CS g
o o
. [«3 =3
.
1()[] Tl - Tl 100 Vl - Tl 100 - Tl "
1073 1072 107! 10° 1073 1072 107! 10° 1073 1072 1071 10°
X X X
102 r r 102 . r 102 r r r r
SMC (npts = 40) . All (npts = 1043) o All (npts =,1043)
o _ 5 R Lo
10! ! % 10! T 13 o 3 ,
3 o E e 3 ot f".:- ol 74 Y i .'.° E
] o, [] '0'“, 4 o, i) ’o' PR BRE
] < ' Pyt < 7
’ Y o~ Ses
10° S n 100 D0 SR 100 === L L L
1073 102 107! 10° 1073 1072 107! 10° 00 02 04 06 08 10
X X X

November 19, 2014

10




The JAM13 global analysis of SPDF

o In order to maximally utilize the data, the JAM13
analysis sets the cuts to Q? > 1GeV? and
W?2 > 3.5GeV>.

The price:
o TM and HT corrections must be included.
o Asymmetries depend on unpolarized PDFs.

o A consistent analysis requires to fit unpolarized PDFs
under the same conditions.
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Higher twist corrections

o The leading twist 7 (NLO) in Mellin-space

n 1 n n n n
gy =23 AACH A + ACT Ag™)
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Higher twist corrections

e Twist-3 part of go (PRD 83,094023(2011))

A= = ¢, {logx—l—(l—x)—i— (1—x) ]4—215 x)"t?

e Twist-3 part of g; (NPB,553(1999))

1
_ — d _
7=3 T=3 Y (r=3
g£ ) - 72 |:g§ ) 2/ y gé ):|

e Twist-4 part of g; (spline parametrization)
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Higher twist corrections
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Target Mass corrections (twist-2)

o TMto ¢4

o

' (n+ j)! (n42))
”Z<Q2> (n— 1D)l(n+ 25210

J=

2, 2 1
™) M*n (n—l—l) (n+2) M
~ Gy T Q2 (n+2)? 91(0) o Ol
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Target Mass corrections (twist-2)
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Nuclear corrections

o To achieve flavour separation (at least between Au
and Ad) polarized data with deuterium and *He are
used.

o Ignoring nuclear binding and Fermi motion the
“nuclear” structure functions are given by

gfl(xa Q2) = Pp/A gf(ma Q2) + Pn/A gzn(x’ Q2>

o This is called Effective Polarization Approximation
(EPA). (no dependence on x)
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Nuclear corrections

o At large x the nuclear smearing plays an important
role (PRC,88,5)

o Within the weak binding approximation the structure
functions are written as

gz, Q) = Z/ DY (@9, QY ij=1,2
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Nuclear corrections
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The JAM13 results

Combining all the effects...
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The JAM13 distributions
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The JAM13 distributions

The Aq/q ratio 7
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The JAM13 distributions

1
0.8
0.6
0.4
0.2

0

0.2

0.4

-06 L

08 AdT/d*

Autiut

Q? =1 GeV?

~—
o
S EEney
— e o =1 o LT —

el LT
SRR ot

=
Fm

01 02 03 04 05 06 0.7

November 19, 2014 23 /53



Other groups
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Current Status

o Inclusion of new data sets from
HallA: d2n (DIS from ®He)
HallB: EG1-dvcs (DIS from p,d)

HallB: EG1b (DIS from p,d)
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JAM 13 data
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JAM 13 + new data
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Preliminary results
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Preliminary results: eglb Al d

Q2=(1.0-1.38) Q2=(1.38-1.76) Q2=(1.76-2.13) Q2=(2.13-2.51) Q2=(2.51-2.89)
T 10 10 10 10

“10 TERTIR N P9 ST N S YY) B N N N ) ST S S N Iy ST S S S
010 015 020 025 0.30 035 015 0.20 025 0.30 0.35 040 0.20 0.25 030 0.35 0.40 045 0.25 030 0.35 0.40 0.45 0.50 0.30 035 0.40 0.45 050 0.55

Q2=(2.89-3.27) o Q2=(3.27-3.65) o Q2=(3.65-4.02) ) Q2=(4.02-4.4 Q2=(4.4-4.78)
L L— T

i

-10 Ldio L L L 10 10 -3
038 0.40 0.42 044 0.46 035 0.40 0.45 0.50 0.55 0.60 0.450.46 0.470.48 0.49 0.50 0.51 0.500.52 0.54 0.56 0.58 0.60 0.62 0.520.540.560.580.600.620.640.66

November 19, 2014




Preliminary results:eglb Al p

Q2=(1.0-1.38) Q2=(1.38-1.76) Q2=(1.76-2.13) Q2=(2.13-2.51) Q2=(2.51-2.89)
10 10 10 10

T T
os| 4 1
oo 4 1
-os| Hos| Hos| Jos | HJost i
10 P L IR R B Py S

10 10 1
010 015 020 025 0.30 035 015 0.20 025 0.30 0.35 040 0.20 0.25 030 0.35 0.40 045 0.25 030 0.35 0.40 0.45 0.50 0.30 035 0.40 0.45 050 0.55

Q2=(2.89-3.27) o Q2=(3.27-3.65) o Q2=(3.65-4.02) N Q2=(4.02-4.4 Q2=(4.4-4.78
T T T T

“10 T S L L 10
038 0.40 0.42 044 0.46 035 0.40 0.45 0.50 0.55 0.60 0.440.45 0.46 0.47 0.48 0.49 0.50 0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.54 0.56 0.58 0.60 0.62 0.64 0.66

TERTER R Yy T S T MR

November 19, 2014 30




o HTs are very important if we use data down to
Q> =1 GeV?

o There is no indication of an upturn in Ad/d as
indicated by pQCD.
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TODO

e Inclusion of SIDIS data
o Inclusion polarized pp data: 7°, Jets

o Study the error correlation between PDFs and SPDFs
(Impact of large = PDFs to SPDFs)
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Part |I: Constraints from direct photon
data at large © on PDFs.
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o PDFs at collider energies receives contributions from
PDFs at large = and low Q? via DGLAP evolution
equations.

e Production of a massive state in pp collisions at
forward rapidities are sensitive to PDFs at small and

large = (x =~ (m/\/s) exp(£y)).

o In particular, gluon distribution is largely
unconstrained for z > 0.6. Current constraint for the
gluon comes from inclusive Jet data.
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e The data of direct photon production has the
potential to constrain large x gluons.

o Currently, direct photon data are largely excluded from

global fits due to inconsistencies among the data and
the theory at NLO in pQCD.

o Threshold resummation at NLO+NLL seems to
alleviate the disagreement (Catani et al, de
Florian,Vogelsang).
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Direct photon production.

The leading-order (LO)

——(\V/ V'V ——\/\V'V

e In proton-proton collisions direct photon productions
is dominated by gg scattering.
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Direct photon production.

Do we understand direct photons?

November 19, 2014 37 /53



Direct photon production.

8
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Direct photon production.

Can we improve the theory predictions?
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Direct photon production.

Rapidity integrated cross section

3 do
pTd ( )
1
Z/ d$afa/A xa’,uIF)/ dxbfb/B(.’BbvﬂlF)/ dZZZD»y/c(Za/JF
abc Z‘ xT/x‘l xT/\/ZTxb
do(o)
x % I a2b'( 7, 1R) [1+ as(ur){AIn*(1 — 27) + B'ln(1 - i%) + C' +

o I = QpT/\/g
o T = 2pr/z/ xS

o At large xp the role of logs are more relevant.
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Direct photon production.

do(x &
p%% = Z faja(@a; pirr) * fo,8(T0, pir) * Dy se(2, prr) * (27, ..
a,b,c
f}(i‘T, ) >

EREE NI NN

o It is possible to include “towers” of logs into the cross
section— Threshold Resummation
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Global analysis

Example: UAG6 experiment (/s = 24.3 GeV)
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Global analysis

All the data sets
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Global analysis

All the data sets without E706
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Impact on PDFs: Bayesian Reweighting

The method:

o Construct replica PDFs (Monte Carlo sampling) from
the uncertainty band of a gives PDF set

e Compute replica cross sections.
o Assign a weight to each replica PDF:

e[

November 19, 2014 45 / 53




Reweighting PDFs

The method:

o Get reweighted theoretical cross sections

k
VAR[o] =) " wy.(0k — E[0])?
k
o Get reweighted PDFs
E[f] = wifi
k

VAR[f] = > " wi(fi — E[f])?
k
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Reweighting PDFs

All the data sets
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Reweighting PDFs

All the data sets excluding E706
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Reweighting PDFs
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Reweighting PDFs
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Reweighting PDFs

[ prior g
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e Direct photon data contraints gluon PDFs at large .

o Uncertanties on PDFs (gluon) at large 2 might have
an impact on SPDF at large .

o Threshold correction might have an impact on
polarixed pp collistion. (To be implement in future

JAM analysis)
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END
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