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From DIS to Semi-Inclusive DIS

» 3 leading-twist PDFs:
f1(x) g1(x)

» Transversity not accessible through inclusive DIS
» chiral-odd

» we go to Semi Inclusive DIS

» one more variable k|

» Lorentz expansion of all the possible functions
» birth of TMDs

h1(x)
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Ways to Transversity

lepton lepton
TMD factorization

» Convolution

proton N\ 1 pion

» Soft factors

Collins FF » Evolution
3 » Complex universality

do z:[.g> HlJ_q](xvzapf%J_)
q C—
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Ways to Transversity

lepton lepton
TMD factorization

oroton .1 pion »( Convolution )

» Soft factors

Collins FF » Evolution
3 » Complex universality

1oy (@ G
q C—

chiral-odd partner

\;
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Ways to Transversity

lepton lepton lepton lepton

............

proton 1 pion proton

Collins FF DiFF |
v

JH{ (2, Mj)

do Z

2 pions
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Ways to Transversity

lepton lepton
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Distribution of hadrons inside the jet

——> Direction of the transverse polarization of the fragmenting quarks

Also unpolarized
q—h 2
Dy (z, /{T)

jet axis

quak ;->X

jet axis quark TN
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< 2
Hl,q—>h1h2 (21, 22, R7)

relates transverse polarization of the fragmenting quark to angular
distribution of the hadron pairs in the transverse plane |

2 *_A

v Naive T-odd ; chiral-odd
v Does not vanish if integrated over transverse momentum k|

Collins, Heppelman. Ladinsky, v' The two hadrons must be distinguishable
NPB420 (94)
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SIDIS on p1

lepton

\

proton

lepton

—

\‘t 2 pions

» Collinear factorization

» Universality

» No convolution

» Evolution understood

Bacchetta, Ceccopieri,
Mukherjee, Radicl, PRD79

)

e+e- to pions

- S bioue
/ \‘: 2 pions
e+

e_

pp1 to pions

bLofou

\.: 2 pions

proton
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eTe- :qq correlator for DiFF
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N K _ o
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Main approximation:

truncation of the partial wave analysis up to 2nd order

= | =0, 1 relative partial waves

= terms « 1, cos 9, sin9, cosIsind

interference b/w longitudinally polarized

s-wave — unpolarized pair (p-wave) and transversely pol. pair
(p-wave)
interference b/w unpolarized pair (s-wave) interference b/w unpolarized pair (s-wave)
and longitudinally pol. pair (p-wave) and transversely pol. pair (p-wave)
DI7MM2 (2,29, RE) — s or p waves HY hyny (21,22, R7)  — interf. s & p waves
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The Asymmetry in ete-

- o {cos(¢r + &7

Afcost, 2 ME, 2, 01) = AL

m ) o
- B 2 < (5 7 < (3
;:ACOS(¢R+¢R)(COS 0a, 2, M7, Z, M}%) > Zq €q Hl,q(z’Mh) }_Il,q(zﬂj\_fh
| * B o 4‘33 Dl,q(z,Mﬁ) D1 q Z,Mﬁ)
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Invariant Mass Spectrum for g— (mm+17-) X

Most prominent channels at A1), < 1.8GeV?

20000 ¢

1. Background

15000 |

— R

_l_ _
10000 | q— 1w X

5000 |

2. p production

q— pXo — 7T+7T_Xj

3. w production
Peaks at

— wX3 -1 X3

. Mp ~m,="T70MeV

lg — wr Xy, —» e Xﬁ

. M; ~m, = 782MeV undetected 10

iii. broad peak at  Mj ~ 500MeV
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Monte Carlo from BELLE

% courtesy of BELLE Collaboration
r
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Monte Carlo from BELLE

U courtesy of BELLE Collaboration
Npola .

riz
€d cross Section

0.2<z<0.3
4.0e+02

' Zbin0 udsI from Omegla E—

3.0e+02 -

2.5e+02 |-

5.0e+01 -

0.0e+00

1 1 A o] 1 1 1 1
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Monte Carlo from BELLE

courtesy of BELLE Collaboration

n

0.2<z<0.3
4.0e+02 T - T T
Zbin0 uds from Omega
0.3<z<0.4
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Monte Carlo from BELLE

n
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courtesy of BELLE Collaboration
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Monte Carlo from BELLE

courtesy of BELLE Collaboration
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0.2<z<0.3 '
4.0e+02 I Zbin0 udsI from Omegla } 4 Zbl nS
0.3<z<0.4
- [ ] | ]
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NB: in our analysis, we neglect
resonant channels contribution to the
charm

e.g. uds from w channels
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Constraints on the Functional Form from

1. the kinematics
2. the ss and pp interference-like

3. physics model-inspired

e ———
2 2 )
l WDIV\fC tO ﬁt . do 260; (1 + cos”6s) fapl(Z,Mh,)/ f?)l(Z Mh)
Q 2Mp, 0.2 J0.28
with a functional form Like: [, (2, My) = 2My 2* Z Ve2 D3P (2, Mj,)
¢ of nts
e MC- : fion roufin
Error on I orm inside de integra
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Constraints on the Functional Form from

1. the kinematics
2. the ss and pp interference-like

3. physics model-inspire”

Constraints coming while determining the Functional Form

or “How it contrasts with model calculation, so far.”

| want to fit

1. No z and Mh factorization seems possible

2. Background seems to allow both ss and pp interference-like

with a functional form
3. z-dependence of charm “background” # z-dependence of uds “background”

and maybe also the Mh dpdce
s S —8——GGC
cof events
G e do ion routine
0 te‘:\efc\)\:\m inside de integratio
Functiond
propagation of errors
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Global fit result for z=0.25
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0.8

x/d.o.f ~ 1.3
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Global fit result for z=0.35
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Gilobal fit result for z=0.35
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Global fit result for z=0.35
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Constraints on the Functional Form from

1. the kinematics
2. the sp interference-like

3. physics model-inspired

| want to fit :

with a functional form Like:

P 602 72 (sin” 05) Fo (o M) Lo
02 16 2M, 'HEVMh / iz (2, 1
h ! 0.2 J0.28 le (2, Mn)
fI(fI<z<Z,Mh) = 2M 2@ 2 5
1 h < Mh eaHlé)(ZvSva%)

Error on o : error on the data & error on the fit of unpol. 0
1st step: no integration but bin value from experiment.

Propagation of errors ...
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Constraints on the Functional Form from

1. the kinematics
2. the sp interference-like

3. physics model-inspired

‘
6a2 72 (sin” 6s) Loz .
fit: do o (2 M00) [ (2, 11
( WA V\lt to Lt . Q2 16 2M, le ( h) R A le ( h)
R
, , ) a (2, M) = 2M 2 | 2HSP M?
with a {uwc’cwwaLform Llike: le (2, Mp) h % M, - eq Hi (2,8 My)

further assu.mptiow

H (e Ma) = (2, Ma) D (2, M) Error on o : error on the data & error on the fit of unpol. O
1st step: nO integration but bin value from experiment.

Propagation of errors ...
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2 < sp 2\ 174¥Sp//= 2 '
Fit of the sum over flavors of ;ea Hyo " (2 M) Hygm(2), (M)

Assumptions

» role of flavor decomposition from UNPOLARIZED FF
DY (z, My) = DY (z, My) = D{(z, M) = D{(z, M)

MowteCarlo uds-c D$(z, My) = D3 (2, My,)
\ > Df(ZaMh) :Df(zaMh)
» Two (or more) scenarios
.. Di(z,Mp)=0 Role of strange

.. Di(z, My) = DY (z, Mp)

H1<

- Hfu(Z,Mh) = Hf[d(z,Mh) P _Hfd(Z,Mh) — _Hfiﬂ(szh)
» flavor decomposition HE5 (2, M) = H5(2, M),)
)

H{ (2, Mp) = H (2, My,

0
0
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Flavor Decomposition: The Scenarios
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Flavor Decomposition: The Scenarios

Flavor Scenarios for z=0.3

1.0 T T T T T No strange
Strange -------

0.8 -

H1

0.0 L L
0.4 0.6 0.8 1.0 1.2

Mh
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Flavor Decomposition: The Scenarios

Flavor Scenarios for z=0.3

1.0 T T T T T No strange
Strange -------
08 [ 7 Flavor Scenarios for z=0.44
1.0 T T T T T No strange

Strange -------

H1

0.0

0.4 0.6 0.8 1.0 1.2
0.2 1
Mh

0.4 0.6 0.8 1.0 1.2
Mh
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Flavor Decomposition: The Scenarios

Flavor Scenarios for z=0.3

1o T T T T T No strange
Strange -------

0.8 |- 7 Flavor Scenarios for z=0.44

10 T T T T T No strange

Strange -------
08 4
T Flavor Scenarios for z=0.36
1.0 T T T T T No strange

Strange -------

H1

0.0

0.4 0.6 0.8 1.0 1.2
Mh

0.4 0.6 0.8 1.0 1.2
Mh 02 | 4

0.0
0.4 0.6 0.8 1.0 1.2

Mh
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Flavor Decomposition

Flavor Scenarios for z=0.3

08 [

H1

0.0

0.4

0.6 0.8 1.0 1.2
Mh

No strange
Strange

0.8

H1

0.2

0.0

Flavor Scenarios for z=0.44

0.4

0.6 0.8 1.0 1.2
Mh

No strange
Strange

0.8

0.6

H1

0.0

The Scenarios

Flavor Scenarios for z=0.36

0.4

0.6 0.8
Mh

1.2

No strange
Strange

0.4

0.2

0.0

Flavor Scenarios for z=0.54

0.4 0.6 0.8
Mh

No strange
Strange
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Flavor Scenarios for z=0.3

v

\\ Scenarios | § (I

Flavor decomposition influences f(z, Mh)
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Strange and Transversity...

SIDIS on p1

lepton

lepton

2 pions

sin(pr+¢s)sin 6
AUT S

(2,9, 2, Mj) < f(y)

» then we are left with a one variable fit
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Strange and Transversity...

SIDIS on p1

lepton lepton

2 pions

sin sin 0
A Om oo gy 2 MR o f(y)

Flavor decompositiow
Scenarto I. and (L.

» then we are left with a one variable fit
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4)
-
A
~

SIDIS on pt
lepton lepton

—_
\k 2 pions

proton

2y

sin sin 0
A OmEO) I 4y 2 ME) o f(y)

Flavor decomposi’ciow
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Figure 2: The top panels show A?}T‘bR“L(bS )sind G ersus M, x, and z. The bottom panels show

the average values of the variables that were integrated over. For the dependence on x and z,
M. was constrained to the range 0.5 GeV < M, < 1.0 GeV, where the signal is expected to be
largest. The error bars show the statistical uncertainty. A scale uncertainty of 8.1% arises from
the uncertainty in the target polarization. Other contributions to the systematic uncertainty are
summed in quadrature and represented by the asymmetric error band.

COMPASS not published but s normalization factor? w.rt HERMES data
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Di-hadron Fragmentation Functions

’

probability for (un-)polarized quarks to fragment into the hadron pair (h1 h2) 3

In particular, IFF

relates transverse polarization of the fragmenting quark to angular distrib

ution of the hadron
pairs in the transverse plane !

» Collinear factorization

» Universality
» No convolution

.
O
=
P
.
-
L
O
=
w

» Evolution understood
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probability for (un-)polarized quarks to fragment into the hadron pair (h1 h2) 3

In particular, IFF

relates transverse polarization of the fragmenting quark to angular distribution of the hadron
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In particular, IFF
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Flavor Decomposition
» Role on the param of H}

» Monte Carlo input
» Data for Kaons
» BaBar data
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Di-hadron Fragmentation Functions

probability for (un-)polarized quarks to fragment into the hadron pair (h1 h2) 3

In particular, IFF

relates transverse polarization of the fragmenting quark to angular distrib

ution of the hadron
pairs in the transverse plane !

Flavor Decomposition
» Role on the param of H}

» Monte Carlo input
» Data for Kaons
» BaBar data

DiFF way to Transversity
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» We have fitted the 1 DiFF from the BELLE experiment (
»\We have almost extracted /7 from the BELLE data
» Next step: Go down to SIDIS and extract Transversity |
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