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SPIN: structure of the nucleon
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Orbital motion - Nucleon Structure from 1D to 3D
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Transverse Momentum Distributions: TM
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Extraction from S
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Extraction from SIDIS & Drell-Yan

Semi-inclusive Deep Inelastic Scattering

nucleon

() + N(P) = 1Y+ h(P) + X



Extraction from SIDIS & Drell-Yan

Semi-inclusive Deep Inelastic Scattering
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Extraction from SIDIS & Drell-Yan

Semi-inclusive Deep Inelastic Scattering

hadron

TMD PDF

nucleon
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Extraction from SIDIS & Drell-Yan

Semi-inclusive Deep Inelastic Scattering
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TMD PDF
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universality
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TMDs: Fragmentation Function

quark pol.
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Structure functions and TM

multiplicities
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Structure functions and TMDs

multiplicities
doly/ (dedzdPirdQ?)  wFyur (2,2, Phr, Q)
doprs/ (dzdQ?) Fr(z,Q?)
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nucleon
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not implemented in present fits
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TMD Evolution

to reproduce shift of
HERMES, Q= 1.5 GeV TMD peak with energy scale

E_o.?f.u.o;,' g} B L{éfg{g CDF, Q =~ 91 GeV
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Width of TMDs changes of one order of magnitude = EVOLUTION
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Evolved TMDs
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Perturbative ingredients

PAVIA 2017

122 A

ff(ﬂ?, br; ) = Z(éa/i & ff)(x, by /ib)es(b*;“b’”)egK(bT)ln o fip(z, br)

As (O(Oé?é))

B2 (0(a%))

Co (O(O‘%))

Hoy(O(ers)) H; (O(ary)) Hy(O(erg))
Y1 (O(a)) Y2(0(a?))
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Perturbative ingredients

PAVIA 2017

122 A

J?f(ﬂ?, br; ) = Z(éa/i & fié)(f’% by /ib)es(b*;“b’”)egK(bT)ln o fip(z, br)

As (O(Oé?é))

B (0O(a%))

Co (O(O‘%))

Hy(O(avg)) H; (O(as)) H(O(as))
LO Y1 (0(ak)) Y2(0(as))
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Model: non perturbative elements

input TMD PDF (Q2=1GeV?2)
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inspired by models (p-wave contribution)

x-dependence of TMD width

(1 —x)*x°

(1— &) qo

where
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Model: non perturbative elements

11 parameters:

Ny, a,0,\ 4 for TMD PDF
Ns. Ny, B.6.7. \p 6 for TMD FF

1 for NP contribution to
2 TMD evolution
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fi(@,brip?) = ) (Cayi ® fi) (2, bs; pp)e S(buipoin) o5 0TI 55 fa (2, by)
These are choices!
Uy = 2 F /b*

1/4

B 1 _ 6_b’411"/bmax
b*(bTa bmina bmaX) T bmax ( 1 — 6_b4 /bfnln )

Do = 2¢° TP

bmin = 2e¢™E /Q

The importance of bminisa :
signal that we are exiting the :
proper TMD region and
approaching the region of
collinear factorization,
especially in
SIDIS data at low Q




Experimental data
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Data selection and analysis

S

Q2 > 1.4 GeV?
0.2<z<0.7

Punt, qr < Min[0.2Q, 0.7Qz] + 0.5 GeV

Motivations behind kinematical cuts

TMD factorization (Pht/z << Q?2)
Avoid target fragmentation (low z)

and exclusive contributions (high z)
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1 04 E_._ || || || LI III 1 || || LI ll * || 1 IGI LI lll 1 || || LI l_[._'E
- ® COMPASS ]
10°- ¢ HERMES -
o - A E288 :
%, 102 'V E288 ‘
O, - > E288
N - -
O -« EB605 ’
101 _ % Tevatron —
s Adolph et al., EPJ C73 (13) .
-~ 1 LHC o O -
: o6 o -
i _ ]
1 | o8 ? °oo @& =
1074 1073 1072 107" 1

X Airapetian et al., PRD87 (2013)

20



Data region
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SIDIS SIDIS Z .
Framework  -ovies compass  PY  production T POINtS
KN
5008 | NLL/NLO X X v v 08
Pavia
0013 No Evo v X X X 1539
Torino v v 576 (H)
2014 No Evo (separately) (separately) X X 6284 (C)
DEMS
o014 | NNLLUNLO X X v v 223
Pavia
b0qo | NLLLO v v v v 8059
SV | NNLL/NNLO X X v v 309
2017
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An almost global fit

Framework| HERMES |cOMPASS| DY £ IN of points
production
Pavia 2017
(+ JLab) | O v v v v 8059

Summary of results

[ JHEP06(2017)081 ]

Total number of data points: 8059

Total number of free parameters: 11
> 4 for TMD PDFs > 6 for TMD FFs
> 1 for TMD evolution

m x°/d.of. = 1.55 4 0.05
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Norm . multiplicity
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Norm . multiplicity
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Norm . multiplicity
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Drell-Yan data

x> /dof  0.32 0.84 0.99 .12
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Q7 Evolution: The peak is now at about 1 GeV, it was at 0.4 GeV for SIDIS 08



Z-boson production data

normalization : fixed from DEMS fit, different from exp.
(not really relevant for TMD parametrizations)
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Q? Evolution: The peak is now at about 4 GeV
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Mean transverse momentum

Change in TMD width
X-dependence

in TMD PDF

X Q2:1 GeV2

in TMD FF
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Best fit value: transverse momento

m m Bacchetta, Delcarro, Pisano, Radici, Signori JHEP06(2017)081
Signori, Bacchetta, Radici, Schnell arXiv:1309.3507

Schweitzer, Teckentrup, Metz, arXiv:1003.2190

Anselmino et al. arXiv:1312.6261 [HERMES]

Anselmino et al. arXiv:1312.6261 [HERMES, high z]
Anselmino et al. arXiv:1312.6261 [COMPASS, norm.]
Anselmino et al. arXiv:1312.6261 [COMPASS, high z, norm.]
Echevarria, Idilbi, Kang, Vitev arXiv:1401.5078 (Q = 1.5 GeV)

0.5)[GeV?]

Pz

4 4 20 ¢

01 02 03 04 05 06 07
(K2 (x=0.1)[GeV?]

Red/orange regions: 68% CL from replica method

nclusion of DY/Z diminishes the correlation

. . 2 .
nclusion of Compass increases the <P L> and reduces its spread

e+e- would further reduce the correlation
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Shape uncertainties in replicas

12
b X004 X-dependence of a single replica.
repl. 105, @*=1GeV*  Most of them are similar.
8
- x=0.12
4 x=040 "
,
0
0.0 0.2 0.4 0.6 0.8 1.0
k,
10 222
x=0.1, Q°=1GeV?
8
216
.-;:4 6 10_5 —
. < 4 158
Shape of four selected replicas.
Still huge uncertainties. ?
0 .
0.0 02 04 0.6 0.8 1.0



Stability of results

Test of our default choices
How does the y? of a single replica change if we modify them?

Original x?/dof = 1.51

Normalization of HERMES data as done for COMPASS:
x°/dof = 1.27

Parametrizations for collinear PDFs
(NLO GJR 2008 default choice):
NLO MSTW 2008 (1.84), NLO CJ12 (1.85)

More stringent cuts
(TMD factorization better under control) y?/dof — 1
Ex: Q2 >1.5GeV? 0.25 <z < 0.6; PhT < 0.2Qz = x?/dof = 1.02 (477 bins)
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What’s next
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Perturbative ingredients

PAVIA 2018

122 A

ff(ﬂ?, br; ) = Z(éa/i & ff)(x, by /ib)es(b*;“b’”)egK(bT)ln o fip(z, br)

As (O(Oé?é))

B2 (0(a%))

Co (O(O‘%))

Hoy(O(ers)) H; (O(ary)) Hy(O(erg))
Y1 (O(a)) Y2(0(a?))
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Perturbative ingredients

PAVIA 2018

122 A

J?f(ﬂ?, br; ) = Z(éa/i & fié)(f’% by /ib)es(b*;“b’”)egK(bT)ln o fip(z, br)

As (O(Oé?é))

B2 (0(a%))

Co (O(O‘%))

Hy(O(avg)) H; (O(as)) H(O(as))
NLO v (O(ag)) Y5 (O(ag))
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Perturbative ingredients

PAVIA 2018

Fo e, brs 12) = 37 (Cagi @ f7) (1, bas )it o1 0

)

mfl%P(xa bT)

few % correction

few % positive
correction for DY

50% negative
correction for
SIDIS
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Perturbative ingredients

PAVIA 2018

J?f(ﬂ?, br; ) = Z(éa/i & ff)(ma by Hb)es(b*;“b’ﬂ)egK(bT)ln Wﬁ%p(az‘, br)

)

few % correction

few % positive

/ correction for DY
Ho((’)(oz%)) A—\

50% negative

NLO Yi(O(ay)) correction for
SIDIS

36



Perturbative ingredients

PAVIA 2018

do}y/ (dz dz dP7y dQ?)

h 2 0?2
P p—
TN N (33727 hT’Q ) dUDIS/ (d.deQ2)

FUU,T (33 < P}%Tan)

(z Fr ($, QQ) FL@y+y2/2
NLO \

positive ~10%
correction to the
multiplicity
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Data to be included
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Data to be included

[ Phys.Rev. D97, 032006 ]
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Preliminary results



Number of experimental dato

Same kinematical cuts in x,Q2,z,Phr

Same data for DY 203
7 90

SIDISeN 1514

Total: 3931 data

$% SIDIS uN
2124

data points




Include all data
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8 (x)=0.017 (x)=0.025 (x)=0.043 (x)=0.075 x)=0.13| Pp7[GeV]
>
2 . S N . .
5
04 08 1.2

(@?)=1.8 GeV?
(x)=0.0074

(@?)=2.1 GeV?
(x)=0.011

(@?)=2.3 GeV?
(x)=0.016

32/

(@?)=2.3 GeV?
(x)=0.025

¥/

(@?)=2.3 GeV?
(x)=0.042
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})7

(@?)=2.5 GeV?
(x)=0.068

Phr[GeV]

040812 040812 040812 040812 0408 12 04 08 1.2

Phr[GeV]

Phr[GeV]

Phr[GeV]

Phr[GeV]

Phr[GeV]

Phr[GeV]

SIDIS h*

Normalized at
1st data point

of bin



Include all data

SIDIS h*

—l
o

(Q?)=3.5 GeV?
(x)=0.017

00

@

Norm. multiplicity
n

N

o~
iy

(Q%)=4.1 GeV?

(x)=0.025

(Q3)=4.5 GeV?
(x)=0.043

S
| -
/\
- |

(Q%)=4.7 GeV?

(x)=0.075

N

N
g

(Q?)=5.3 GeV?
(x)=0.13

.
RN

Use 200 replic

d

parameters from

previous fit

0.4 0.8 1.2

Normalized at
1st data point

of bin



Include all data

25

20

15

10 F

O_

SIDIS h*

1.9

Use 200 replica
parameters from
previous fit

2.0 2.1

2.2

x> /dof = 2.0l

2.3 2.4

Normalized at
1st data point
of bin



Include all data

o (2)=0.25 (offset=6)
= (2)=0.35 (offset=4)
(2)=0.5 (offset=2)

» (2)=0.7 (offset=0)

—h
o (©2) (o8] o

Norm. multiplicity

N

(@?)=20. GeV?

S
K
N

(x)=0.16

(@?)=22. GeV?

/1!

(x)=0.29

SIDIS h*

—_
B (®)) (00) o

Norm. multiplicity

N

} 7244

(@?)=8.3 GeV?

(x)=0.045

(@?)=9.3 GeV?

J)) !

(x)=0.077

(@%)=9.8 GeV?

27/

(x)=0.15

(@?=11. GeV?

-

“\
"~

(x)=0.25

10

Minimization of
50 data replicas

Norm. multiplicity

X2/

(@?)=3.5 GeV?
(x)=0.017

(Q)=4.1 GeV?
(x)=0.025

¥) )/

(Q?)=4.5 GeV?
(x)=0.043

})) 7

(Q?)=4.7 GeV?

)]/

(x)=0.075

(@?)=5.3 GeV?

..
7N
A

(x)=0.13

10
(@=1.8 GeV2| (Q%)=2.1 GeV2| (Q2)=2.3GeV?| (Q?)=2.3GeV?| (Q?=2.3GeV?| (@¥)=25Gev2| 04 0.8 1.2
(x)=0.0074 (x)=0.011 (x)=0.016 (x)=0.025 (x)=0.042 (x)=0.068| Pp1[GeV]
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% 6 ™~ =~ ~ N
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ﬂk A | | P |

PhT[GeV] PhT[GeV]

PhT[GeV]

PhT[GeV]

PhT[GeV]

040812 040812 040812 040812 0408 12 04 08 1.2

PhT[GeV]

0.4 0.8 1.2
Prr[GeV]

x> /dof = 1.71

Normalized at
1st data point
of bin



Exploratory analysis
without normalization

Use 200 replica
parameters from

Multiplicity

(Q?)=20. GeV?

(x)=0.16

(Q?)=22. GeV?

previous fit 2|
(Q*)=8.3 GeV?| (Q*»=9.3 GeV*| (Q*)=9.8 GeV*| (Q?>)=11.GeV?
6 (x)=0.045 (x)=0.077 (x)=0.15 (X)=0.25
=
o
@0z otset=ty 2 4 PN | An., | & | |
= (2)=0.35 (offset=3)
(2)=0.5 (offset=2) o| F R | G | TG | T
» (2)=0.7 (offset=1)
0.4 0.8 1.2

SIDIS h*

P1[GeV]



Exploratory analysis
without normalization

Use 200 replica
parameters from —>
previous fit

Sensitive to z value




If one keeps the
and lets the
normalization of each bin
being fitted

x> /dof = 1.68

T ——

Ni between 0.92 and 1.52 for 90% of bins (COMPASS 17)
(total range 0.55< N <1.66)
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Issues at high pr



E866/NuSea

pp = ppm X
Vs = 38.8 GeV

Drell-Yan

Q=4.7 GeV, xF={0.15,0.35}, target=p

T T > > [ > > > > [ > > ! ! [ ! ! ! ! [ > > > > =
EEY
100 e —o0©» - - LO
S YN
R
s“s~ - -
—_ 1002 *3a., NLO
o) > DR (]
o| © SRS -
— : SRS g
L '~ ~ -~
S 2 0.100: RERRECE S
Olm ’ e ERSS S
w| o B T I, i
e e R S T S
0010’ ~'~: ~~~~ '.""'n,_,_u_
- .N.N ~~~~~ — §-¢
i T~ ~—_ |
0.001} \ =es
s (s S I W ———
1 2 3 4 5
pr [GeV]

Here collinear factorization
should work! qr ~ Q
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Drell-Yan

Q=4.7 GeV, x£={0.15,0.35}, target=p

Similar issue in SIDIS o ;‘EO
at high PhT (COMPASS 2017) .,
\.\.:?5?3“?::;\{ .::.:_i e
N.Sato @QCDevo2018 R
—_— =
1 2 3 4 5
pr [GeV]

Here collinear factorization
should work! qr ~ Q
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Conclusions

First global extraction of TMDs from SIDIS, DY and Z boson

Test of the universality and evolution formalism of partonic TMDs

New Data
-compatible with parameters obtained from

previous analysis
-requires further considerations on normalisation
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What we need

‘flavor separation (proton target, identified
hadrons)

-average z-value of bins

‘new unpolarised Drell-Yan data (possible p-p, p-
pbar?) especially at high gr
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low energy Drell-Yan data

TMD PDF high-qT
fits fits tail

Experiment Reaction Year

20 GeV < /s <60 GeV

54



BACKUP



The replica method

m(x,z, P,r, Q%), proton target

(x)~0.15
(Q%)~2.9 GeV?

A 0.27<z<0.30
m 0.38<z<0.48

3.

2 I : &

1 % }
s o ° ;

o.:o — 04

Example of original data




The replica method

two targets

m(x,z, P,r, Q%), proton target

3-

[ T -
2 % % A (x)~0.15

| (Q%)~2.9 GeV?

A 0.27<z<0.30

[ m 0.38<z<0.48
1t X

[ m] |

" | 5

_ O o

0.0 0.4 — 08
Pht

Example of original data

4 final hadrons

5 x bins

/ z bins



The replica method

m(x,z, P,r, Q%), proton target

3-
[ T
23_ } % )\ (x)~0.15
' A (Q%)~2.9 GeV?
A 0.27<z<0.30
m 0.38<z<0.48
1
T . .
; i i
. :
[ | | | | | | | | .&
0.0 0.4 0.8
Pht

Data are replicated (with Gaussian distribution)



The replica method

m(x,z, P,r, Q%), proton target

3-

[ T
of { } (x)~0.15

| )\ (@%)~2.9 GeV?
A 0.27<z<0.30
[ m 0.38<z<0.48
1L

| . .

(] i }
j 0 A
00 04 08
Pht

The fit is performed on the replicated data



The replica method

m(x,z, P,r,Q%), proton target

3-
| n
of (x)~0.15
| (Q%)~2.9 GeV?2
] A 0.27<z<0.30
I m 0.38<z<0.48
s
0.0

The procedure is repeated 200 times



The replica method

m(x,z, P,r, Q%), proton target

3-

[ T

5 ﬁs (x)~0.15
(Q%)~2.9 GeV?
A 0.27<z<0.30
m 0.38<z<0.48

It 1

D QA‘\;\D
00 04 08

For each point, a central 68% confidence interval is identified



Previous fit studies

Framework| HERMES |COMPASS DY £ . |N of points
production
KN 2006 LO-NLL X X v v 03

hep-ph/0506225

Pavia 2013 NoO evo
(+Amsterdam, Bilbao) v X X X 1538
oas0aasey | QM)

Tori(ni 2b?1 4 | Noevo v v X X 576 (H)

+JLa

1310 BOB (QPM) | (separately) | (separately) 6284 (C)
DEMS 2014 \lo-nnLL | x X v v 203
arXiv:140/.3311

HRVZOIE oL |1 @9 bin|1 x@ bin| v v 500 (?)
arXiv:1401.50/8
Pavia 2017

(+ JLab) | O v v v o 8059

61




U and b. prescriptions

uf/:/{b(w?bT;MQ) — C~' ; z . S’(b* br)ln &
Z( a/i & fl)(fU,b*,,lLb)e ”ub’“)egK( ) In 75 fﬁp(ﬂj,bT)

)

62



U and b. prescriptions

Fi(@ b p?) =3 (Capi @ F1) (@, b ) e brite) g OTINGG fa (0 by

)
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U and b. prescriptions

N/ .

Fi@, brs ) = (Caps ® f1) (0, b pup) €5 Oritn i) I I GG fa (1 br)

1y = 2e7E /b, by = Collins, Soper, Sterman, NPB250 (85)

arXiv:1508.00402

b ) 1/4  Bacchetta, Echevarria, Mulders, Radici, Signori

DEMS 2014
br
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U and b. prescriptions

N/ .

Fi(,brs %) =Y (Cupi @ fi) (@, bes pap)e® Ot IKOTII GG o (2 br)

pp = 2 E /b, by = Collins, Soper, Sterman, NPB250 (85)

arXiv:1508.00402

b ) 1/4  Bacchetta, Echevarria, Mulders, Radici, Signori

DEMS 2014
br

Mb:QO+QT b.

CO m P | eX- b P rescri pti on Laenen, Sterman, Vogelsang, PRL 84 (00)
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Pavia 2017 perturbative ingredients

192 A

Fi(,brs %) =Y (Cupi @ fi) (@, bes pap)e® =it I8 OTII GG o (2 br)

A (O(a%)) A3(0O(al))
v/
B, (O(ad)) B2 (0(a%))
v/
Ch ((f‘)/(a%)) C1(O0(ay)) C2(O(ag))
Ho(0(02)) Hy (0(a})) H, (0(ag))
o/
Y1 (O(ag)) Y2(0(a3))
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Model: non perturbative elements
input TMD FF (Q%=1GeV?)

- P2 9 p2
D%ﬁg = F.T. of 1 N o (€_g3aJ—_>h —|—)\FP_2l 6_94aJ—_>h)
93a—h + ()\F/Z )g4a_>h <

sum of two different gaussians

with different variance
with kinematic dependence on transverse momenta

width z-dependence

(2% +6) (1 —2) N34 = g3.4(2)
g3.4(2) = N34 — - where
1) =M Gy e 05
Average transverse momenta
2 3
oy, o g1(x) + 2063 (x) p2\ (. — 93(2) +2Arg;(2)
(k1)(x) = 1+ Agi(x) PL)E) g3(2) + Argi(2)
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Include only SIDIS

data

« (2)=0.25 (offset=6)

= (2)=0.35 (offset=4)

(z)=0.5 (offset=2)

Use 200 replica
parameters froms:

previous fit

Norm. multiplicity

» (2)=0.7 (offset=0)

Hermes + Compass

-
N (®)) (00) o

Norm. multiplicity

N

(@?)=20. GeV?

M
N
N

(@=22. GeV?

(x)=0.16 (x)=0.29

SIDIS h*

/1!

-
EaN (o)) o o

Norm. multiplicity

\]

7244

(Q?)=8.3 GeV?
(x)=0.045

(@2)=9.3 GeV?

)]/

(x)=0.077

(@?)=9.8 GeV?

2]/

(@>=11. GeV?

(x)=0.15 (x)=0.25

S—

.
#on

>.‘8
=
Qo

ip

2)2/

6

4

Norm. mult

2

(@?)=3.5 GeV?
(x)=0.017

(@»=4.1 GeV?
(x)=0.025

X))/

(@?)=4.5 GeV?
(x)=0.043

)1

(Q?»=4.7 GeV?
(x)=0.075

)]/

04 08 1.2

(@?)=5.3 GeV?
PhT[GeV]

(x)=0.13

~
N
Hn

ISy E
¥/

N

(@?)=1.8 GeV?
(x)=0.0074

(@?)=2.1 GeV?
(x)=0.011

(Q?)=2.3 GeV?
(x)=0.016

Y2/

(@?)=2.3 GeV?
(x)=0.025

(@?)=2.3 GeV?
(x)=0.042

¥/

})) 7
}))

(@?)=2.5 GeV?
(x)=0.068

Prr[GeV]

Phr[GeV]

Prr[GeV]

Prr[GeV]

Prr[GeV]

040812 040812 040812 040812 040812 0408 1.2

Prr[GeV]

04 08 1.2
PhT[GeV]

Normalized at
1st data point
of bin



Include only SIDIS

SIDIS h
data
25:—
20:—
15:—
10:—
ol o ]
1.9 2.0 2.1 2.2 2.3 2.4
Use 200 replica '
P X2/d0f= 207 Normallzed.at
parameters from | 1st data point

previous fit

of bin



Include only SIDIS

data

« (2)=0.25 (offset=6)

= (2)=0.35 (offset=4)

(z)=0.5 (offset=2)

Use 200 replica
parameters froms:

previous fit

Norm. multiplicity

» (2)=0.7 (offset=0)

Hermes + Compass

-
N (®)) (00) o

Norm. multiplicity

N

(@?)=20. GeV?

M
N
N

(@=22. GeV?

(x)=0.16 (x)=0.29

SIDIS h*

/1!

-
EaN (o)) o o

Norm. multiplicity

\]

7244

(Q?)=8.3 GeV?
(x)=0.045

(@2)=9.3 GeV?

)]/

(x)=0.077

(@?)=9.8 GeV?

2]/

(@>=11. GeV?

(x)=0.15 (x)=0.25

S—

.
#on

>.‘8
=
Qo

ip

2)2/

6

4

Norm. mult

2

(@?)=3.5 GeV?
(x)=0.017

(@»=4.1 GeV?
(x)=0.025

X))/

(@?)=4.5 GeV?
(x)=0.043

)1

(Q?»=4.7 GeV?
(x)=0.075

)]/

04 08 1.2

(@?)=5.3 GeV?
PhT[GeV]

(x)=0.13

~
N
Hn

ISy E
¥/

N

(@?)=1.8 GeV?
(x)=0.0074

(@?)=2.1 GeV?
(x)=0.011

(Q?)=2.3 GeV?
(x)=0.016

Y2/

(@?)=2.3 GeV?
(x)=0.025

(@?)=2.3 GeV?
(x)=0.042

¥/

})) 7
}))

(@?)=2.5 GeV?
(x)=0.068

Prr[GeV]

Phr[GeV]

Prr[GeV]

Prr[GeV]

Prr[GeV]

040812 040812 040812 040812 040812 0408 1.2

Prr[GeV]

04 08 1.2
PhT[GeV]

Normalized at
1st data point
of bin



Include only SIDIS

SIDIS h
data
25:—
20:—
15:—
10:—
ol o ]
1.9 2.0 2.1 2.2 2.3 2.4
Use 200 replica '
P X2/d0f= 207 Normallzed.at
parameters from | 1st data point

previous fit

of bin



Include only COMPASS
data

Use 200 replica
parameters from »®

previous fit

Norm. multiplicity

10

Norm. multiplicity
N o2 o

N

(@?)=20. GeV?

~_
N
g

(x)=0.16

(@?)=22. GeV?

/1!

(x)=0.29

Norm. multiplicity
N o

N

2)2/

(x)=0.017

(x)=0.025

X))/

(x)=0.043

)1

)]/

~
N
o

04 08 1.2

(@?)=1.8 GeV?
(x)=0.0074

127
X))/

(@?)=2.1 GeV?
(x)=0.011

(@?)=2.3 GeV?
(x)=0.016

32/

(@?)=2.3 GeV?
(x)=0.025

(@?)=2.3 GeV?
(x)=0.042

¥/

})) 7

(@?)=2.5 GeV?
(x)=0.068
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Prr[GeV]

Prr[GeV]
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Phr[GeV]

040812 040812 040812 040812 0408 12 0408 1.2

Phr[GeV]

PhT [GGV]
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e 4 Eﬂ\
2 /\ /\ /\ /\
2
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(x)=0.075 (x=0.13{ P,1[GeV]

SIDIS h*

Normalized at
1st data point

of bin



Include only COMPASS

SIDIS h
_ data
25|
20:—
15:—
10:—
.
O_ | | | |
1.8 1.9 2.0 21 22 23

1.7
Use 200 replica
parameters from
previous fit

x> /dof = |.9|1

Normalized at
1st data point
of bin



