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Recent experimental data on semi-inclusive deep-inelastic scattering from the HERMES collabora-



Semi-Inclusive DIS with
unpolarized final hadron “h”

SIDIS cross section @leading twist :

3 TMD PDF %
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Semi-Inclusive DIS with
unpolarized final hadron “h”

SIDIS cross section @leading twist :

3 TMD PDF %
quark pol. quark pol.
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only unpolarized obiects, but with memory of
(poorly known) L kinematics




why worrying about the unpolarized cross section ?

spin asymmetry
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why worrying about the unpolarized cross section ?

spin asymmetry

AF(Sns 83) f(?h’¢5) >, ¢ TMD_PDF? ®, TMD_FF*
o X S X
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FUU qug ff@Di]

unpolarized TMDs affect spin asymmetries A
= they influence the extraction of polarized TMDs



exp. observable : multiplicity
N ———————

SIDIS process

(1) + N(P) — L") + h(P,) + X,

L. oo dol /(dzdzdP,pdQ%) 7 Fyyr(®,2 Py, Q%)
g dopis/(dzdQ?) Fr(z,Q?)




exp. observable : multiplicity
C N ——

SIDIS process

(1) + N(P) — L") + h(P,) + X,

hadron species

‘ doit/(dzdzd By d 04 miin e G e SO
i P2 9 b N hT S ; N hiT>
mN(CB’ T Q ) dO’DIs/(dI‘sz) FT(ZC, QQ)

f

target




exp. observable : multiplicity
o ——...

SIDIS process

() + N(P)— L")+ h(P) + X,

hadron species

m*(:c ., p? Q2) g daf{,/(dxdzdPdeQz) . WFUU,T(x,z,P,%T,QQ)
AN dopig/(dzdQ?) Fr(z,Q?)

T

Eljge 1. M?, Phr? <« Q% : leading twist TMD
2. O(as?) : parton model

3. @y integrated : acceptance in
systematic error




involved transverse momenta
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involved transverse momenta
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hadron

proton




involved transverse momenta
C N S———

hadron

notation as in

“Seattle convention”
arXiv:1108.1713

proton

parton model
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usual assumption : flavor independent Gaussian shape

for transverse momenta
L —

TMD PDF TMD FF
k2 /(k3) P2 /(P3)
o (0°) 2 e IRy (o) — 105 (307 = P
(Pir) = 2(K2) + (P2) /

p k|
photon




usual assumption : flavor independent Gaussian shape

for transverse momenta
o —...

TMD PDF TMD FF
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from observed get intrinsic

photon




usual assumption : flavor independent Gaussian shape

for transverse momenta
C——

TMD PDF TMD FF
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m(k7 ) e
advantage (P2.) = 22 (k%)
from observed get intrinsic
@ arXiv:1305.7317 [hep-ex] Anselmino et al, E.P.J. A31 (07)
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usual assumption : flavor independent Gaussian shape

for transverse momenta
o —...

TMD PDF TMD FF
—k7 /(k7) PR
R o v h 27 B o
ff(xakJJQ):f{](x;Q) 2 Dil_) (Z,PJ_,Q):D%_) (Z,Q) P2
advantage (P2.) = 22 (k%)
from observed get intrinsic
@ arXiv:1305.7317 [hep-ex] Anselmino et al, E.P.J. A31 (07)
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evidence of flavor dependence from :
S ——

unpolarized (collinear) PDFs
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example : ¢ =100V 1

Owens, Accardi, Melnitchouk CJ12mid |

(C)12) 3
PR. D87 (13) 094012

similar evidences in

Jimenez-Delgado, Reja (JR09), P. R. D80 (09) 114011
Alekhin et al. (ABKM09), P. R. D81 (10) 014032

Lai et al. (CT10), P.R. D82 (10) 074024

Alekhin, Blimlein, Moch (ABM11), P. R. D86 (12) 054009
Ball et al. (NNPDF13), N. P. B867 (13) 244



evidence of flavor dependence from :
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unpolarized (collinear) PDFs

example : ¢ =100V 1

Owens, Accardi, Melnitchouk CJ12mid |

(CJ12) S

PR. D87 (13) 094012 = -
= o
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X
similar evidences in why not for
Jimenez-Delgado, Reja (JR09), P.R. D80 (09) 114011 k. dependence
Alekhin et al. (ABKM09), P. R. D81 (10) 014032
Lai et al. (CT10), P.R. D82 (10) 074024 of TMDs ?

Alekhin, Blimlein, Moch (ABM11), P. R. D86 (12) 054009
Ball et al. (NNPDF13), N. P. B867 (13) 244 O —




evidence of flavor dependence from :
L S—————

lattice QCD
valence picture 25,
of proton : 20f
#u/ #d =2 o
ratio of ol
number densities ol
( moments of f19) %0

k.| (GeV)

depends upon |k |

Musch et al., P.R. D83 (11) 094507



evidence of flavor dependence from :
C T —

lattice QCD

valence picture 25,

of proton : 20f

e d = 2 L

; = 10+

ratio of |

. St

number densities o
( moments of £19) “00 01 02 03 o4 05 06 07

k.| (GeV)

depends upon |k |

“less” up at large |k, |

L — —8R

Musch et al., P.R. D83 (11) 094507



evidence of flavor dependence from :
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models of TMD PDFs
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example: valence u+d-u—-d —
chiral quark soliton model 3 sca w4d
1-'\ 2= (uls
s \ ]
Schweitzer, Strikman, Weiss Ng - valence
JHEP 1301 (13) 163 =
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evidence of flavor dependence from :
- INNNUT———

models of TMD PDFs

10 p——r——r——————

example: valence u+d—-u-d —
chiral quark soliton model 3 sca w4d
1.-\ x=0.1 E
PN
Schweitzer, Strikman, Weiss N; - valence
JHEP 1301 (13) 163 =
?af 0.1
Na
o
001 ¢
| M=035GeV -
ool b e
0 5 10
p% [M*]

similarly in other models like®
diquark spectator ( Bacchetta, Conti, Radici, P. R. D78 (08) 074010 )
statistical approach ( Bourrely, Buccella, Soffer, P. R. D83 (11) 074008 )



evidence of flavor dependence from :
C N ——

models of TMD FFs

example : NJL-jet model Matevosyan et al.,
P.R. D85 (12) 014021

<P?> (GeV?)




evidence of flavor dependence from :
o INNNN———

models of TMD FFs

example : NJL-jet model Matevosyan et al.,
P.R. D85 (12) 014021
| | g | |
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0 0.2 0.4 0.6 0.8 1.0

<Pnt2> larger for unfavored /K fragmentation
than for favored m fragmentation




our work :
I

can we find evidence of
flavor dependence in k, shape of TMDs
from experimental data on SIDIS ¢



our analysis : flavor dependent Gaussian shape

for transverse momenta
L ———

TMD PDF TMD FF

—k2 /(K2 ) = PEV(E i
6 s J_,q 6 »q
- DIz, PR @) =D ! 5
Tkl ,) Wl )

G 00— fl(z;Q°)

in the convolution, for each flavor we get a Gaussian with width

<P%LT,q> 7 Z2<ki,q> N <P3_,q—>h>



our analysis : flavor dependent Gaussian shape
for transverse momenta
e
TMD PDF TMD FF

—k2 /(K2 ) = PEV(E i
e s 1,q é g
- DIz, P 04— i E ) 3
Tkl ,) Wl )

G 00— fl(z;Q°)

in the convolution, for each flavor we get a Gaussian with width

<P%LT,q> 7 Z2<ki,q> N <Pi,q—>h>

multiplicity

k(@2 Pl Q%) 2 f0(2 Q%) DI(2; Q) S
e 2, ; = e 5l 2
B e £ : ™ (Pira)

sum of Gaussians # Gaussian



first hints on
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first hints on “k, flavor dependence”
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recent data on multiplicities
C I —

Airapetian et al., P.R. D87 (13) 074029
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h =
%3@% selection of data
L ——

10% limited (x, Q%) range: 6 bins X
— 0.1<z<09 8 bins X
8 0.1 <|Pht|<1GeV 7bins x
S 10} Heles < p,D 2 targets X

A R P, 1o Ty e 4 final h's

2 ¢ Xm O.(|)410 0 410

total 2688 points



h =
%éfm{é selection of data
o ——

10% limited (x, Q%) range: 6 bins X
— O =7z =08 8 bins X
8 0.1 < |Phn| = 1 GeVi ™ 72l 1is e
S 10} Heles < p,D 2 targets X

. R T, s e 4 final h's

2 ¢ Xm O.(l’)410 0 410

total 2688 points

- TMDs valid for Pht? « Q? : cut first bin Q° = 1.4 GeV? (« lowest x)

-cut lastbin z=0.9 asin DSS (and use VM subtracted set)
-cut |Pht| <0.15 GeV < problem to be fixed

total analyzed 1538 points = 60% of 2688

!



h =
%éfm{é selection of data
o N——

10% limited (x, Q%) range: 6 bins X
— 0l £7=08 8 bins X
8 0.1 < |Phn| = 1 GeVi ™ 72l 1is e
S 10} Heles < p,D 2 targets X

. R T, s e 4 final h's

2 ¢ Xm O.(l’)410 0 410

total 2688 points

- TMDs valid for Pht? « Q? : cut first bin Q° = 1.4 GeV? (« lowest x)

-cut lastbin z=0.9 asin DSS (and use VM subtracted set)
-cut |Pht| <0.15 GeV < problem to be fixed

total analyzed 1538 points = 60% of 2688

!

limited Q% range = safely neglect evolution everywhere

e RE——




our analysis : assumptions & parameters
o ————

TMD PDF TMD FF

- /)
fi(z, k1) = fi(z) Q2=2.4GeV?2 7T<k3_,q>

MSTWO0S8 LO DSS LO
Martin et al., E.P.J. C63 (09) 189 De Florian et al., P.R. D75 (07) 114010

e_Pi/<P?L,q—>h>

Q2=2.4 GeV?2 w(Pi,q_ﬂJ

D" (2, P1) = DI "(2)

16



our analysis : assumptions & parameters

TMD PDF
ok /(K2 )

m(k )

fi(z, k1) = fi(z)

MSTWO08 LO
Martin et al., E.P.J. C63 (09) 189

QR2=2.4GeV?

x-dependent width

5 parameters

Uy d, sea X 0]

<ki,uv> <ki,dv> <ki,sea>

16

TMD FF

Df™"(z,P1) = DI7"(2)

Q2=2.4GeV?2

DSS LO
De Florian et al., P.R. D75 (07) 114010

G_Pi/<Pi,q—>h>

7T<Pi,q—>h>



our analysis : assumptions & parameters
N ———

TMD PDF TMD FF

—ki/<ki,q> _Pi/<Pi,q—>h>
Flala=e) — DI (o B ) ——
Q2=2.4Gev2  7{k3 ) Q2=2 4 Gevall im0 A
MSTWO08 LO DSS LO
Martin et al., E.P.J. C63 (09) 189 De Florian et al., P.R. D75 (07) 114010

x-dependent width

5 parameters

Uy d, sea X 0]

e . — \

<ki,uv> <ki,dv> <ki,sea> /

0,2] [-0.3,0.1]
16 randomly chosen in
(< loosely bound )



our analysis : assumptions & parameters

TMD PDF
ok /(K2 )

(kT q)

fil@ ki) ) Q2=2.4 GeV?

MSTWO08 LO
Martin et al., E.P.J. C63 (09) 189

x-dependent width

5 parameters

Uy d, sea X o

e . — \

<ki,uv> <ki,du> <ki,sea> /

0,2] [-0.3,0.1]
16 randomly chosen in

C I ———
TMD FF

e_Pi/<Pi,q—>h>

i =) i ()
7T<Pi,q—>h>

Q2=2.4GeV?

DSS LO
De Florian et al., P.R. D75 (07) 114010

z-dependent width

e — z)7
<Pi,q—>h>(z) 3 <Pi>q_>h> Efﬁ ig; Ei B '2;7

B

(P1,qn) = {P1 ¢p)(2 = 0.5)

/ parameters

u—Trt, d—11° u—K* s—K* other f, 6, v
d-1t, -1 U—K- s—K-
<Pi,fav> <Pi,uK> <P3_,3K> <Pi,unfav>

!

(8025, 0 25)]

(< loosely bound) ditto



inspired by NNPDF
(see Nocera’s talk)

used in transversity
extraction
(see Aurore’s talk)

our fitting procedure

2 m.
3 m(x,z, P,7,Q°), proton target p
| m
| (Q%)~2.9 GeV?
F A 0.27<z<0.30
[ m 0.38<z<0.48
1t X
i e
g | 5
_ O ]
0.0 0.4 080

sample of original data




our fitting procedure
C I ———

mﬂ'
. m(x,z, P,r,Q%), proton target i3
! -
23_ } % A (x)~0.15
' A (@Q%)~2.9 GeV?
A 0.27<z<0.30
m 0.38<z<0.48
’
; 5
: i i
L
0.0 0.4 0.8

data are replicated with Gaussian noise
(within exp. variance)



our fitting procedure

mﬂ'

3 m(x,z, Ppr,Q%), proton target py

[ 7_[—
2 /{\ (x)~0.15

}// ‘ (Q?)~2.9 GeV?

| A\ a 0.27<2<0.30

| N s 0.38<z<0.48
1t

[ - .

] i }

| g -

- ' - - , . . | | L
0.0 0.4 0.8

fit the replicated data



our fitting procedure

mﬂ'
3 m(x,z, Ppr, Q°), proton target p, 1-200
7'[_
2:— (x)~0.15
| (Q%)~2.9 GeV?
'_ A 0.27<z<0.30
| m 0.38<z<0.48
1t
0.0

procedure repeated 200 times
(until reproduce mean and std. deviation of original data)



our fitting procedure
C I ——

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

3.

_ -

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

LS

: Nﬂ\n
00 e e Y e e
Pht

for each point, a central 68% confidence interval is identified
(distribution is not necessarily Gaussian)



our fitting procedure
©INN—————

m(x,z,Ppr, Q%), proton target  @—— x 2 targets

3
| -~ = X 4 final h's
2 ﬁs (x)~0.15 == %X 5 X-bins
(Q%)~2.9 GeV?
A 0.27<2<0.30 (€= X 7 Z-bins
m 0.38<z<0.48
b X
: Nﬂ\n
007 1 e . R e R p

for each point, a central 68% confidence interval is identified
(distribution is not necessarily Gaussian)



quality of the fit

proton target global x?/d.o.f. =1.63 +0.12
no flavor dep. 172 =R



proton target global x?/d.o.f. =1.63 +0.12
1 =20

T
1.80 = 0.27
[RGosE 0.2 5

K_
0.78 £ 0.15
e/ + 0.16

quality of the fit

no flavor dep.

m(x,z, P77, Q%), proton target

10'E°
2

o 0.10<2z<0.20 |
A 0.27<z<0.30 T+
o 0.38<z<0.48 1

o 0.60<z<0.80_§ 2.64 il 0.21
| 2.89+0.23

(x)~0.15 N
(@*~2.9 GeV? 1,

K-l—
0.46 = 0.0/
0.43 = 0.0/

for more details, see  arXiv:1309.3507 [hep-ph]
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Results — Scenario : no flavor dep.
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Results — Scenario : no flavor dep.
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Results — Scenario : no flavor dep.
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Results — Scenario : flavor dep. in TMD FF
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Results — Scenario : flavor dep. in TMD FF
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Results — Scenario : TMD PDF and no final K
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Results — Scenario : TMD PDF and no final K
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Results — Scenario : TMD PDF full analysis
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Results — Scenario : TMD PDF full analysis
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Results — Scenario : TMD PDF full analysis
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Conclusions
I

1. fitting SIDIS multiplicities from HERMES,
first experimental exploration of flavor dependence
in TMD PDF and TMD FF

2. clear & stable indication in TMD FF that
“q—T favored” width < “unfavored” & “q—K favored”

3. tendency in TMD PDF to dy width < uy, width < sea width

4. no K in final state : sea width < dy ~ uy, width
= importance of strange

5. flavor-independent fit performs worse but not ruled out
strong anticorrelation: many intrinsic {k.,P.} give same Pht
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