Ll
\~\~\.."
\..:‘\.h
S r F E R

..~\\\Q\\\\
T R
YT TR A AR
T2 il 2 R R B R

o - IV
. . WAL T
AAZGGY |

g AN
Wi
Ay

4



d

IClI an

o-- ...h\ h\-« /] Lﬂwbi“‘;ﬂm b‘.\\
S =t AN

~ FaNENN
..... " W O N
R o

T EFE D, xnﬂmhﬂﬁb.ﬂm>ﬁm>ﬂw0
Ay <\ AL
TN,

7 e“»tﬁ\\his‘\hﬂ“\\\

§ly A0
AT LI\

W r = kAT
AT \\
y %.«Su .-

Y
v
I\
a2y 8%
i, A%



State-of-the-art:
Extractions of transversity

e TMD extraction [Anselmino et al, Kang et al]
e Collinear extraction [Pavia]

o GPD extraction [Goldstein et al]

0.2F
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http://arxiv.org/abs/arXiv:1503.03495
http://arxiv.org/abs/arXiv:1503.03495
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- COMPASS data for identified pions
- Two Values for oxs(Mz)

= Replica methods for both pol. DiFF & transversity

Pavia Fit:
What's new?

g 0.1_ [ TC+TE_
S
e 0.05|- * — —
o~
s & o a Ao IS SERERE R SN SR
= é F éé ¢
0.05- ¢ ' bt -
C. Braun 0.1k i u
EPJ Web Conf. 85 (2015) T — e | B | o SN
10-2 10-1 0.5 1 0.5 1 1.5 , 2
X Z M, (GeV/c?)

+ COMPASS 2003/2004 deuteron data




Pavia fitter: 2 steps' approach

SIDIS production of pion pairs

R —>7T+7T_ |
>, e2hi(z, Q%) EL H T (2, M2, Q%)

ADIS(Qf,Z,M}%,Qz) — _Cy — Tt
> g€ fi(z,Q%) Dj (2, Mj;, Q%)

[Bacchetta, A.C., Radici, PRL 107 (2011)]
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Pavia fitter: 2 steps' approach

SIDIS production of pion pairs

Knowledge on DiFFs leads to h (X, 02) / [Bacchetta, A.C., Radici, PRL 107 (2011)]

Choose error treatment and
functional form



Reminder: Functional Form biases

x hyW(x)-x hyV(x)/4

flexible functional form fit
data HERMES +—&—
041 data COMPASS —li—
02}
N
0.0 ! ! {
0.01 0.10
X
x hyW(x)-x h,3V(x)/4
rigid functional form | fit |
data HERMES +—#&—
041 data COMPASS —li—
02}
N
0.0 ! +
0.01 0.10



Reminder: Functional Form biases

flexible functional form

rigid functional form

x hyW(x)-x hyV(x)/4

fit

data HERMES +—#&—

0.4r data COMPASS —l— | r\
0.2} i
4) ! { \
0.01 0.10
0 X
x hyW(x)-x h,3V(x)/4
fit
data HERMES +—#&—
047 data COMPASS —li— 1
0.2+ .
5.01 5.10
0 X
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Only constrained by Soffer bound



Reminder: Functional Form biases

x hyW(x)-x hyV(x)/4

flexible functional form fit
data HERMES +——#&—
0.4} L ]
data COMPASS —l—

~ |
0 0.01 y 0.10
x hyW(x)-x h,3V(x)/4
rigid functional form | fit |

data HERMES +—#&—
0.4} " .
data COMPASS —ll— .
0.2+ b

0 5.01 5.70 >
Only constrained by Soffer bound \/‘

2013= Replica method to make up for small errors at low- and large-x

 —
/1




Pavia fitter: 2 steps' approach

1. SIDIS production of pion pairs

Knowledge on DiFFs leads to h1(X, 02) / [Bacchetta, A.C., Radici, PRL 107 (2011)]

2. Sl pion pairs production in e+ e- annihilation @ Belle

i ‘ Z hadronic jet
\‘. v

4 AVAVAVAY \
qQ ‘
Hadron

[A.C., Bacchetta, Radici, Bianconi, Phys.Rev. D85]



Pavia fitter: 2 steps' approach

1. SIDIS production of pion pairs

Knowledge on DiFFs leads to hi(x, Q%) /

< Wi i |
2. Sl pion pairs production in e+ e- annihilat both hy and H:= with replica method!

[A.C., Bacchetta, Radici, Bianconi, Phys.Rev. D85]



The Replica Approach

Too small errors w.r.t. ABSENGE of data

generate n sets of data with gaussian noise (@10) — n replicas

redo the fit n times

keep the 10 distributed resulting “transversities”, at each data point

the error band is now made by 68% of the n replica point by point
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os(Mz?)=0.125

0.6
0.4

0.2k

R(Z,Mh) ‘R| Hffsp(vahaQO) M, [GeV]

My, D¥(z, Mp; Q3)

0.8
- ots(Mz?)=0.139 PN
0.6} N

D1 unchanged (good statistics) 0.4]

0.2}

0.0

~04 06 08 10 12
Mh[GeV]

Effect of as(Mz?) value



Distribution of Xz/d.o.f.

Tiny effects on
 the Chi2 distribution
e the value of nq’

os(Mz%)=0.125

Distribution of n}*(100 GeV?) os(Mz%)=0.139
’R‘ 3001
2 2 -
ng(Q ) — /dz dMp — M, H1 Sp( 2, Mp; Q) ) 250
___—._ — 200;

150+
100+

50+

07 s s
0.008 0010 0.012 0014 0016 0018 0020 0.022
n!?(100 GeV?)

Effect of as(Mz?) value



SIDIS production of pion pairs

TRIPTIC plot

Deuteron Data

Proton Data

|

X Z

0.5 1 1.5 2
M,, [GeV/c?]

COMPASS range: 0.2<z<1 & 0.29<Mn<1.29 GeV



SIDIS production of pion pairs
TRIPTIC plot

Deuteron Data

(z, Mn)-dpdence determined
by DiFF

Proton Data
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COMPASS range: 0.2<z<1 & 0.29<Mn<1.29 GeV



SIDIS production of pion pairs
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Xx-dependence only from
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SIDIS production of pion pairs
TRIPTIC plot

Deuteron Data

(z, Mn)-dpdence determined
by DiFF

Proton Data
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Transversity from Ayt SiN(®g+Py)sin®

1=1,..,n
# repl.
| D¢ = D¢ =D} =D
Using symmetries for DiFFs: HSY = —HS4 = " = Ff’d 1 —_81 — 1= 1C v
Di=D,, D{=D;
Proton

Deuteron

. (ijQ)nu(Q)

and combinations of hoth ...



Transversity from Ayt SiN(®g+Py)sin®

1=1,..,n
# repl.
| D¢ = D¢ =D} =D
Using symmetries for DiFFs: HSY = —HS4 = " = Ff’d I 31 — 1= 1C v
Di=D,, D{=D;
Proton

Deuteron

E
__AéIS(xaQQ)

3

and combinations of boffr.. Now for i=j=1,..,n results for the replica method



The Functional Form @ Q¢?

x hiV (x) = tanh (331/2 (A, + Byx + Cyz° + D, a:?’)) (2 SBY(x) + 2 SBI(x))

1st order polynomial

A+ By x

Rigid version

2nd order polynomial

Aq+Bq:L'—|—qu2
Flexible version Q)

3rd order polynomial

Aq—i—Bqa:+an:2+Dq:I:3

Extra-flexible version
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1st order polynomial *
20+

10F

A+ By x
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The Functional Form @ Q¢?

x hiV (x) = tanh (331/2 (A, + Byx + Cyz° + D, a:3)) (2 SBY(x) + 2 SBI(x))

-~ Xdof

40
1st order polynomial *
20+

10F

A+ By x

Rigid version o 1

2nd order polynomial

Aq+Bq:L'—|—qu2

Flexible version G) 2/dof. || as(M2) =0.125 | a,(M2) = 0.139
- rigid 1.42 1.46
3rd order polynomial flexible 1.65 1.71
extraflexible 1.97 2.07

A, + Byxz+ Cya® + Dy a°

Extra-flexible version



Old and New Fits

- if“..‘
e ."L":“'gﬁ" "‘
NN

=

X

Flexible version

OLD 10 error band from replicas @2.4 GeV?

~0.4"

0.01 0.03 0.1 0.3 1

NEW 10 error band from replicas @2.4 GeV?

os(Mz%)=0.125 os(Mz?)=0.139



Comparison with Single-hadron extr.

uy
X hy

Torino 2013 @2.4 GeV?

10 error band from replicas @2.4 GeV?

| | | » \/ flexible scenario 0.125
0.01  0.03 0.1 0.3 1

0.2

0.1-

= - — — —_— N

0.0+

Kang et al central value

Discrepancy in the d distribution \_?i
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New proton data don't change that! 0.01 0.03 0.1 0.3



Comparison with Single-hadron extr.

uy
X hy

Torino 2013 @2.4 GeV?

10 error band from replicas @2.4 GeV?

| | | » \/ flexible scenario 0.125
0.01 0.03 0.1 0.3 1

0.2

0.1-

0.0
Kang et al central value :

Discrepancy in the d distribution \_?i
2 i

New proton data don't change that!



Tensor Charge where we have data

5°d (Q° = 10 GeV?)

02—
1. Kang et al Phys.Rev. D91 :
0.1~
2. rigid 0.125 0.0,
3. flexible 0.125 01 L % %
-0.2}
4. extraflexible 0.125 57u (Q% = 10 GeV?) 03 - 1 [ } I %
5. rigid 0.139 0.45 ] B S
I . 1 2 3 4 5 6 7
6. flexible 0.139 0.40 C —
0.35
7. extraflexible 0.139 :
0.30
0.25 % % %
0.20 e N
0.15




Tensor Charge

full range 10°79- 1

1. Anselmino et al Phys.Rev. D87
2. rigid old
3. flexible old

4. extraflexible old

su (Q% = 1 GeV?)

5. rigid 0.125 1.0 ]
6. flexible 0.125 0.8 |
7. extraflexible 0.125 I n ]
0.65 % i
0.4 o ) i { %
0.2 T
0 4 6 8

T — T

sd (Q° = 1 GeV?)

0.5/

A - | IT‘
]
A I

-0.5¢ "
B
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Tensor Charge's Application

Prohe New Fundamental Interactions from Beta Decay

N(pn) — P(py)e (pe)ve(p)

[Cirigliano et al, JHEP 1302 (2013) 046]



Tensor Charge's Application

Prohe New Fundamental Interactions from Beta Decay

N(pn) — P(py)e (pe)ve(p)

can be sketched as

e [d L) ue (pe)ﬂe(py)} R [<P|ﬂrd‘N>] s

[Cirigliano et al, JHEP 1302 (2013) 046]



Tensor Charge's Application

Prohe New Fundamental Interactions from Beta Decay

N(pn) — Plpp)e” (pe)7e(py)

can be sketched as
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EW:V-A Standard Model Structural: gy & ga
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Tensor Charge's Application

Prohe New Fundamental Interactions from Beta Decay

N(pn) — Plpp)e” (pe)7e(py)

can be sketched as

d—)ue V)} (PluT d|N)]
EW:V-A Standard Model Structural: gy & ga

M = —i% ey, (1 —7°) v, (play* (1 — 7°) d|n) cos b,

New:S, T, P 4-fermion interaction Structural: gs, gt & gp
BSM

[Cirigliano et al, JHEP 1302 (2013) 046]



Isovector Tensor Charge

gT — 5UU_6CZ/U

su—sd (Q° = 4 GeV?)
12 |
z P
1.0/ s o3 ° 1 |
08
New Pavia flexible 0.125 0.6 ]
. ﬂ |
\ﬂ \
o 1 2 3 4 5 6 7
gr = 0.81 £0.44 \
[ — =

at 02 = 4 GeV?

[Radici, Courtoy, Bacchetta,
Guagnelli, 1503.03495]

Various Lattice QCD results



~

Isovector Tensor Charge J
9T = 0Uy—0dy /\) 2 y

su—od (Q? = 4 GeV?)

[ ] [Courtoy, Baessler, Gonzalez-

12/ + ] Alonso, Liuti, 1503.06814]
| . . P
1.0/ LA S .
0.8 = ]
New Pavia flexible 0.125 0.6 ]
0.4 1 i

O‘ - 1 o 2 o 3 o 4 - 5 - 6 - 7 [Radici, Courtoy, Bacchetta,

Guagnelli, 1503.03495]

gr = 0.81+£0.44 \
T — T————

at Q% = ;l GeV2 . .
Various Lattice QCD results



Can it constrain New Physics interaction?

Effective theories approach

ALog = —Glj};wl er wo"” (1 —v5)d - €0, (1 — ¥5)Ve

Nucleon effective coupling from Beta Decay Exp.

4 G F Vud .
_ —4 [Pattie et al, Phys.Rev. C88]
CT _ \/§ gr €r = ‘gT €T ‘ < 6-10 [Wauters et al, Phys.Rev. C89]




Can it constrain New Physics interaction?

Effective theories approach

ALog = —Glj};;wl er wo"” (1 —v5)d - €0, (1 — ¥5)Ve

Nucleon effective coupling from Beta Decay Exp.

4 GpVyg :
_ —4 [Pattie et al, Phys.Rev. C88]
C1T — \/§ gr €T ﬂ ‘gT €T ‘ <6-10 [Wauters et al, Phys.Rev. C89]
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Can it constrain New Physics interaction?

Pavia flexible
GGL
Torino 2013

Bhattacharya et al Lattice

Effective theories approach

ALog = —Glj};w er wo"” (1 —v5)d - €0, (1 — ¥5)Ve

Nucleon effective coupling from Beta Decay Exp.

. 1 GFVud

—4 [Pattie et al, Phys.Rev. C88]
CT \/5 gr €r — ‘gTET‘ <6-10 [Wauters et al, Phys.Rev. C89]
o.oozf- .............................
[ T
0.001 | :
j H : )
~  0.000f : ¢ e ] [Courtoy, Baessler, Gonzalez-
Y : : i - Alonso, Liuti, 1503.06814]
~0.001[ ’ I
[ H
-0.002} :
O.'O. P .0:1. P .0:2. P .0:3. P .0:4. P .0:5. P .0'6 Dotted curves:
Agr Projection of NEW error after
o JLab@12

Bali et al lattice | — —



Conclusion

Extraction of valence transversities from collinear framework

e NEW fit in the REPLICA method for
e Hi<
* hy
« NEW COMPASS data on proton + identified pions

= lower distribution for uy, no drastic change for dy
* Two values for cts(Mz2)

= no/mild dependence from the output
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Conclusion

Extraction of valence transversities from collinear framework

e NEW fit in the REPLICA method for
Y H1<
° h1

 NEW COMPASS data on proton + identified pions .
Waiting for data from CLAS12

= lower distribution for uy, no drastic change for dy and SoLID (JLab@12)!
* Two values for ots(Mz2)

= no/mild dependence from the output

Beyond the fit...

= |mpact of tensor charge on New Physics? [1503.06814]

= DiFF and twist-3 observables: Analysis of BSA at CLAS & extraction of e(x) [1405.7659]

= PT-P at RHIC (to be considered in the future) [1504.00415]


http://arxiv.org/abs/arXiv:1405.7659
http://arxiv.org/abs/arXiv:1405.7659
http://arxiv.org/abs/arXiv:1405.7659
http://arxiv.org/abs/arXiv:1405.7659

Back-up slides



Comparison with extraction
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Monte Carlo Approach:
some illustrations

Can we find “unforeseen” replica?



Monte Carlo Approach:
some illustrations

. . Oy
Can we find “unforeseen” replica? X b (x)
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\
0.2}
Yes, here at 1GeV? 0o————— =
T ——
-0.2}
_—
X h" () -0.4¢
0.5, :
: 1072 1072 107" 1
X
X2/dof
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X 1.75523



x h(x,Q%)

0.0 Q’ =10 GeV?
= Y Q% = 1000 GeV*
0.1 7
O TN
O
- -0.05 0.2
-0.1F
O 02 04 06 08 1
X
T — T——

State-of-the-art:
Extractions of transversity

0.1 0.3 1
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http://arxiv.org/abs/arXiv:1503.03495
http://arxiv.org/abs/arXiv:1503.03495

Two complementary approaches

* partner of Collins FF e partner of chiral-odd DiFF
e convolution e simple product
(/ Pprdky 82 (ke + qr — pr) b (@ | ( N
| T T T —dqr pT) 1(x7kT) Hl (vaT) hl(ﬂf) Hl (Z,Mh)
e (QCD evolution: TMD evolution e (QCD evolution: DGLAP evolution
* 0Nngoing progresses  known
[Rogers, Aybat, Prokudin, Bacchetta,...] [Bacchetta, Radici, Ceccopieri]
e need input Functional Form of the e no need for input Functional Form
transversity of the transversity

e direct extraction point by point
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Frameworks for DiFFs

e+e” to pion pairs

\ 2 pions

R N

SIDIS on p-

lepton epton

2 pions

proton

Talk by

Talks by o

N. Makke
C. Braun
S. Gliske

pp' to pion pairs

proton

S 2 pions
\‘:

2 pions

proton



SIDIS production of pion pairs

Chiral-odd DiFF:

Distribution of hadrons inside the jet
is related to the

Direction of the transverse polarization of the fragmenting quarks

>, €2 bz, Q%) L ga T (o M2, Q?)

1,sp

ADIS(xazaM}%?Qz) — _Oy — Tt
g €a [z, Q?) Di] (2, Mj;, Q%)




SIDIS production of pion pairs

Chiral-odd DiFF:

Distribution of hadrons inside the jet
is related to the

Direction of the transverse polarization of the fragmenting quarks

ADIS(xa 2y M}%a QZ) — _Cy

Knowledge on DiFFs leads to hi(x, Q?) /
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Fitting the Valence Transversities

Constraints from first principles

+ Soffer bound 21hd (2, Q)| < |f(z, Q%) + g% (z,Q%)| = 2SBY(z, Q?)

4+ hi(x=1)=0 ; the parton model predicts hi(x=0)=0 but too restrictive in QCD

QCD evolution with HOPPET code

+ of the Soffer bound: LO evolution of fi(x) from MSTWO08 & g1(x) from DSS

4+ of the DiFF & hs: LO as in previous papers

Choice of Functional Form < the CRUCIAL point for further uses

z h (z, Q) (zSBY(z, Q%) + zSB(z, Q7))

with FF defined [-1,1]
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Transversity frome p'—e’ (') X @ HERMES

with 1-to-100 GeV# evolution correction:  HERMES range: -0.259 (= 25% theo. err.) from fit
small corrections

integrated in mean values

Transversity frome p'—e’ (') X @ COMPASS 2007

with 1-to-100 GeV? evolution correction:
negligible corrections COMPASS range: -0.2081 (= 19% theo. err.) from fit
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The Error Analysis: the Monte Carlo approach
1st order polynomial

10 error band from replicas @2.4 GeV?
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The Error Analysis: the Monte Carlo approach

1st order polynomial

X

Best fit central curve @2.4 GeV?
and standard 1o error band

Rigid version

10 error band from replicas @2.4 GeV?
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ESTIMATES FROM EXPERIMENTAL
PROJECTIONS

uv uv (,
0.8 T v ' T ' ' ' T r r r T
j Z i I :
] ) | - Old Pavia
| of 29T * _
L gT * ] * New Pavia
] o o4} ] + Torino
| | I I | . | ;.% .
0.0 0.2 0.4 0.6 0.8 1.0 : e GGL
02F -
X [ Lattice
[ A
| . » Lattice
0 2 3 6 ;
Order
< old Pavia fit with artificial data in future range <

¢ includes both CLAS12 on proton and SoLID on neutron

¢ to be up-dated with new Pavia fit

[ A.C.,Gonzalez-Alonso, Liuti, in progress]
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Dihadron SIDIS

Collinear factorization

jet axis quark TN

_|_

. 5 T
Here: D¢ (z, M) z=zm+tz 2RI=/ME— 4m?

transverse pol. of the fragm. quark « angular distribution of hadron pairs in the transverse plane



