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Transversity : Why

B transversity is very different from helicity

g _@b @D o1 diagonal

1 boosted Nucleon  helicity
basis

B nohiforgluons ==y  [SIIESRETORESI-ISRSY o] lilels

( in Nucleon )




Transversity : Why

B transversity is very different from helicity

g =@ _@ o1 diagonal

Lo @ _® boosted Nucleon  helicity

basis

B nohiforgluons ==y  [SIIESRETORESI-ISRSY o] lilels

( in Nucleon )

playground for RSN AN




Tensor Charge

B 1st Mellin moment of transversity = tensor “charge”

1 3
6l = Gn = /o dz [hi(z, Q%) — hi(z, Q)]



Tensor Charge

B 1st Mellin moment of transversity = tensor “charge”

1 3
3 = gn = /o dz [hi(z, Q%) — hi(z, Q?)]

no associated conserved current in Locp

v

tensor ‘“charge” gr  scales with Q? C-odd

axial charge ga conserved C-even



Tensor Charge

B 1st Mellin moment of transversity = tensor “charge”

1 3
3 = gn = /o dz [hi(z, Q%) — hi(z, Q?)]

no associated conserved current in Locp

v

tensor “charge” gr  scales with Q? C-odd

axial charge ga conserved C-even

tensor charge not directly accessible in Lsm

low-energy footprint of new physics at higher scales ?



potential for BSM discovery ?

search for new physics Beyond Standard Model
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potential for BSM discovery ?
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potential for BSM discovery ?
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potential for BSM discovery ?

Example: neutron f—decay n — p e~ Ve

T (rce-level SM,V-A universality EEEGIETIVR I A

gV
> v Lsy ~ Gr Vg evu(l — 75)ve (pluy™(1 — v5)d|n)
d; Ng_ v
“r Mg, q> ~ (Mp—Mn)2 ~ 0 \ \
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+ HE Higgs,
R effective couplings 85, 8P, 8T
o< W= VA ViA 1, Y5, OW

precision of

— [eleligleely BSM scale

measurement

precision of 0.1% = [3-5] TeV for BSM scale
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neutron P-decay and tensor charge

tensor contribution to neutron B-decay

e G p'Vaq er €0, Vel (DlUG S djm)
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tensor contribution to neutron B-decay
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neutron P-decay and tensor charge

tensor contribution to neutron B-decay

e G p'Vaq er €0, Vel (DlUG S djm)

/ ISospin symmetry
i, Sl mel e — det™ e Sy

same structure of Isovector component of
|t Mellin moment of transversity

st lqosiylp, Sp)i= (BSE — PESaRgl(@)

i (P“Sp’j - P”S]ﬁ‘) /da: e Alle (1))

knowledge of isovector tensor charge gr@ affects

precision of tensor coupling GrVud €7 g7 in B-decay
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CP violation in BSM

in some BSM theories,
the leading CP-violating (CPV) couplings
are related to fermion Electric Dipole Moments (EDM)

Bepy D e Z w19
e Fiv = gAY — g% AP

neutron EDM Ty = GGy 2= Gl S g,
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in some BSM theories,
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CP violation in BSM

in some BSM theories,
the leading CP-violating (CPV) couplings
are related to fermion Electric Dipole Moments (EDM)

Bepy D e Z - TN
e Fiv = gAY — 8 A¥

neutron EDM dy = g4¥idy + 9Hda + gi{ds

constraints on

@ aVile]Erilelp
encoded in g EDM
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Present extractions of transversity
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The status of the art

collinear

factorization

Radici et al.,
JHEP 1505 (15) 123
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The status of the art

very recently, also lattice calculation of “quasi-transversity”
using Ji's LaMET
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single-hadron fragmentation : the Collins effect
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single-hadron fragmentation : the Collins effect

Zq 6q hq( kJ_) & HlJ:q(’%pi)
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Collins effect : the TORINO extraction

Anselmino et al.,
* separate collinear x (z) and k, (p.) dependence PR. D92 (15) 114023

o (2] '
Q’-independent Gaussian ansatz for k; (p,) dependence <k?.> = 0.57 GeV?

 same Gaussian widths for hy & f1; different for Hi~ & D7 <p?.>=0.12 GeV?
from analysis of

SIDIS multiplicities
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Collins effect : the TORINO extraction

Anselmino et al.,

» separate collinear x (z) and k, (p.) dependence PR. D92 (15) 114023

o :
Q’-independent Gaussian ansatz for k; (p,) dependence e
» same Gaussian widths for hy & f1; different for H1* & Dy <p?.>=0.12 GeV?

from analysis of
SIDIS multiplicities

- different collinear shape for favored & disfavored Hq™

« DGLAP evolution of collinear dependence; Soffer bound built in hi(x,Qo)

» two schemes: chiral-odd evo for hy only; or for hy and Hy*

e 4 parameters for hy, 5 for Hi™ => total 9 fit parameters
e 122 e*e data from Py (z1,20) dep. and i“BAR (z1,22,P17) dep.

BELLE

* 146 SIDIS data from %{fﬂ and @

 global x?/dofin [0.84 - 1.2] at 95.45% C.L. (& Ax? =17.2)




Collins effect with TMD evolution

Kang et al.,
e first analysis implementing TMD evolution P.R. D93 (16) 014009

e NLO + NLL resummation

» Soffer bound built in “PDF term” h1(x,Qo) as in TORINO param.

o different fav. & disfav. “PDF term” H®at Qo “ “ “

e chiral-odd evo for both “PDF terms”, but only homogen. eq. for H®



Collins effect with TMD evolution

Kang et al.,
e first analysis implementing TMD evolution P.R. D93 (16) 014009

e NLO + NLL resummation

» Soffer bound built in “PDF term” h1(x,Qo) as in TORINO param.
o different fav. & disfav. “PDF term” H®at Qo “ “ “

e chiral-odd evo for both “PDF terms”, but only homogen. eq. for H®

* total 13 fit parameters

(z1,22,P17) dep.

* 122 ete~ data from &y (z1,22) dep. and

BELLE

140 SIDIS data from %{fﬂ and @ and  Jefferdon Lab

 global Xx°/dof =0.88 with Ax?=22.3



Transversity from Collins effect

Kang et al., Anselmino et al.,

P.R. D93 (16) 014009 P.R. D87 (13) 094019
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Transversity from Collins effect

Kang et al., Anselmino et al.,

PR D93 (16) 014009 = PR. D87 (13) 094019 recently updated
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Transversity from Collins effect

Kang et al., Anselmino et al.,
P.R. D93 (16) 014009 PR. D87 (13) 094019 recently updated

Anselmino et al.,
P.R. D92 (15) 114023
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di-hadron fragmentation

Radici, Jakob, Bianconi,
PR. D65 (02) 074031
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di-hadron fragmentation

Radici, Jakob, Bianconi,
PR. D65 (02) 074031

T / Bacchetta & Radici,
SlDlS e p i c <TC/TC) X PR. D67 (03) 094002
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chiral-odd DiFF as quark spin analyzer

Collins, Heppelman, Ladinsky, N.P. B420 (94)

It is # 0 even if we integrate over

the pair total transverse momentum [ d(Pyi1 + Ppor)
(equivalent to take Pn1+Pp2 || quark, as in figure)
quark polarization connected to 2Rt = Ppit1 - Phot
(only if hy # h2)

effect encoded in chiral-odd HZ(z, M?)
with z=z1+z> and pair invariant mass Mn (<-> |Rt|)



extraction of DIFF

extract DiFF from
EaeR T ) (T

46 bins in (z, Mh
9 parameters
gl = 0.57

Courtoy et al., PR. D85 (12) 114023
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extraction of DIFF

extract DiFF from
ecsl—2 (i) (') X

46 bins in (z, M)
9 parameters
x?/d.o.f. = 0.57

Courtoy et al., PR. D85 (12) 114023
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DiFF and transversity : the Pavia extraction
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DiFF and transversity : the Pavia extraction
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DiFF and transversity : the Pavia extraction

» parametrization at Qo? = 1 GeV?

zh{’ (z) = tanh [z (A, + Byz + Cyx® + Dyz®)] [xSBy(z) + 2 SBg(x)]

satisfies Soffer Bound at any QQ?
2hi(z, Q%) < 2 SBy(z) = | f{(2) + ¢{(2)
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» parametrization at Qo? = 1 GeV?
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» parametrization at Qo? = 1 GeV?
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DiFF and transversity : the Pavia extraction

» parametrization at Qo? = 1 GeV?

zh$ (z) = tanh [z (Ag + By@+ Cyz° + Dyz°)] [z SBy(z) + 2 SBg(z)]

I‘igid ﬁ A satisfies Soffer Bound at any QQ?
. ‘;‘% 2|hi(x, @%)| < 2 SBy(z) = | f{(z) + i ()]
flexible J *

extra-flexible

t" ~ OIV;;’\
+ 22 SIDIS data from 442 and @

Airapetian et al., Adolph et al.,
JHEP 0806 (08) 017 PL.B713 (12)

Braun et al.,
E.PJ. Web Cont. 85 (15) 02018

history of upgrading fits

Bacchetta, Courtoy, Radici,
PR.L. 107 (11) 012001

Bacchetta, Courtoy, Radici,
JHEP 1303 (13) 119

Radici et al.,
JHEP 1505 (15 8%



error analysis : the replica method

proton deuteron
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error analysis : the replica method

fit with 10 replica
proton deuteron

x % (x)+x h® (x)
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error analysis : the replica method

fit with 40 replica
proton deuteron

Uy X dv
X hy (X)_Z h{'(X) X hl{V(x)+x hTV(X)
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error analysis : the replica method

fit with 70 replica
proton deuteron

Uy X dv
X hy (X)_Z h{'(X) X hl{V(x)+x hTV(X)

0.3

0.2

0.1

0.0 =

Hermes

: Compass
_02! | | |
1072 1071 1

X X

~0.1!




error analysis : the replica method

fit with 100 replica

proton deuteron

Uy X dv
X hy (X)_Z h{'(X) X hl{V(x)+x hTV(X)
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error analysis : the replica method

taking the 68% band

(distribution is not necessarily a Gaussian)

proton deuteron

Uy X dv
X hy (X)_Z h{'(X) X hl{V(x)+x hTV(X)
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comparison with Collins effect

— Kang et al. 2015 <-> Pavia 2015
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comparison with Collins effect

« B Kang et al. 2015 <-> Pavia 2015
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collinear factorization in hard processes

Artru & Collins, Z.Phys. C69 (96) 277
Boer, Jakob, Radici, PR.D67 (03) 094003

e |

electron
\
, Pan— \(): 2 pions
pOsItron
lepton lepton
/

\(k 2 pions
proton
_

Jaffe, Jin, Tang, P.R.L.80 (98) 1166
Radici, Jakob, Bianconi, PR.D65 (02) 074031
Bacchetta & Radici, PR. D67 (03) 094002

proton

factorization NEREN

Bacchetta & Radici, PR. D70 (04) 094032




collinear factorization in hard processes

Artru & Collins, Z.Phys. C69 (96) 277
Boer, Jakob, Radici, PR.D67 (03) 094003 DeFlorian & Vanni, PL.B578 (04) 139

Ceccopieri, Radici, Bacchetta, P.L.B650 (07) 81
IECHI factorization

(see also
Zhou and Metz, PR.L. 106 (11) 172001

eleC’[rOﬂ for Mp—evolution of DiFFs)
\
standard DGLAP
B @ oo evolution eq.s
posItron
lepton lepton
/
proton 2 pions
\(k 2 pions
proton  _ proton

‘SIDIS ‘ factorization
factorization ‘ P-P ‘
Jaffe, Jin, Tang, P.R.L.80 (98) 1166

Radlci, Jakob, Bianconi, PR.D65 (02) 074031 Bacchetta & Radici, PR. D70 (04) 094032
Bacchetta & Radici, PR. D67 (03) 094002

56



the process p+p' = (zn) + X

B beam polarized

do ~ do® + sin(®s-®g) dour ]

forward
polarized particles
atn<o0

do’ dzq dxy b Ao =
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Bacchetta & Radici, PR. D70 (04) 094032



the process p+p' = (zn) + X

B beam polarized

do ~ do® + sin(®s-®g) dour ]

forward
polarized particles
atn<o0

dO'O d.fl?a dCUb P do‘ab b e
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2_ A
dn d| Pr o 8122 di =
S | /d% day b dAG 4yt et d _
= |Spr|2|Pr| — 0 (o = = H¥(zZ, M
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specific spin asymmetry due to transversity and chiral-odd DiFF

not possible for single-hadron production (no factorization th.)



the process p+p' = (zn) + X

B beam polarized

do ~ dgo + sin(®s-dg) dour J

forward
polarized particles

atn<o0
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the process p+p' = (zn) + X

B beam polarized

do ~ do® + sin(®s-®g) dour ]

forward
polarized particles
atn<o0
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the process p+p'— (nm) + X

B beam polarized

do ~ do® + sin(®s-dg) dour ]

forward
polarized particles
atn<o0

d?]d|PT|dM abcd
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with respect to A beam




forward Aut(M)

n<0, Vs =200 GeV
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prediction of new STAR data using 68% of replicas

forward Aut(M)

run 2006 Adamczyk et al. (STAR), PR.L. 115 (2015) 242501

run 2012 K. Landry, talk at APS 2015
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backward AUT(M)

n>0, V's =200 GeV

0.06——
PRELIMINARY \$ run 2006
0.04[ run 2012

prediction of new STAR data using 68% of replicas
backward Aut(M)

run 2006 Adamczyk et al. (STAR), PR.L. 115 (2015) 242501
run 2012 K. Landry, talk at APS 2015
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v s =200 GeV

0.06 ———————
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prediction of new STAR data using 68% of replicas
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run 2012 K. Landry, talk at APS 2015
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back to tensor charge

Q? = 10 GeV?
ol (o01s) o + —e— Radici et al. 2015
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et al (2015)

et al (2015)

et al (2013)

et al (2013)

et al (2015)

et al (2015)
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back to tensor charge

Q? =10 GeV?
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extrapolation to [0O,1]

expect larger uncertainties



neutron B-decay <—> isovector tensor charge

orvd affects tensor coupling in B-decay

g4 9 = 6u-6d (Q° = 4 GeV?)
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neutron B-decay <—> isovector tensor charge

orvd affects tensor coupling in B-decay

g4 9 = 6u-6d (Q° = 4 GeV?)
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neutron B-decay <—> isovector tensor charge

orvd affects tensor coupling in B-decay

1) Radici et al. 2015
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g4 9 = 6u-6d (Q° = 4 GeV?)
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2) Kang et al. 2015
3) Anselmino et al. 2013
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neutron B-decay <—> isovector tensor charge

orvd affects tensor coupling in B-decay

g4 9 = 6u-6d (Q° = 4 GeV?)
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precision of gy

current most stringent constraints on BSM tensor coupling come from
* Dalitz-plot study of radiative pion decay n* = e* Ve Y
Bychkov et al. (PIBETA), PR.L. 103 (09) 051802

* measurement of correlation parameters in neutron B-decay of
various nuclei Pattic et al., PR. C88 (13) 048501

| €T gr|=s 5% [0



precision of grud

current most stringent constraints on BSM tensor coupling come from
* Dalitz-plot study of radiative pion decay n* = e* Ve Y
Bychkov et al. (PIBETA), PR.L. 103 (09) 051802

* measurement of correlation parameters in neutron B-decay of
various nuclei Pattic et al., PR. C88 (13) 048501

A&T from Radici et al. 2015
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Goldstein et al., arXiv:1401.0438
Courtoy et al., PR.L. 115 (2015) 162001



precision of grud

current most stringent constraints on BSM tensor coupling come from
* Dalitz-plot study of radiative pion decay n* = e* Ve Y
Bychkov et al. (PIBETA), PR.L. 103 (09) 051802

* measurement of correlation parameters in neutron B-decay of
various nuclei Pattic et al., PR. C88 (13) 048501

A&T from Radici et al. 2015

need more data 0002/ (to be improved
0_001:_ i | / with RHIC data)
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JLab12 Di-hadron proposals

.geff;lZon Lab PR12-12-009 Hall B, using CLAS12 detector with
transversely polarized HD-Ice target

A 12 GeV Research Proposal to Jefferson Lab (PAC 39)
Measurement of transversity with dihadron production P AC3 9 . . A I C 1
in SIDIS with transversely polarized target - ratl n g / app rova
R T (subject to further test

Jefferson Lab, Newport News, VA 23606, USA
S. Anefalos Pereiral, M. Aghasyan, E. De Sanctis, D. Hasch, L. Hovsepyan,
V. Lucherini, M. Mirazita, S. Pisano, and P. Rossi O n 73 Ce a rge
INFN, Laboratori Nazionali di Frascati , Frascati, Italy

A. Courtoy!
IFPA-Institut de Physique Universite de Liege (ULg), Allee du 6 Aout 17, bat. B5 4000 Liege, Belgium

A. Bacchetta, M. Radicif, B. Pasquini
Universita’ di Pavia and INFN Sezione di Pavia, via Bassi 6, 27100 Pavia, Italy

— e L - = — -~ R —_— — —

Hall A, using SoLID detector with
Dihadron Electroproduction in DIS with Transversely A
Polarized %He Target at 11 and 8.8 GeV transversely polarized °He target
= separate u and d

June 2, 2014

(A Proposal to Jefferson Lab (PAC 42))

PAC42: “valid addition” to
approved E12-10-006
College of William 1_614 A\;Z(;y Williamburg, VA ( E 1 2 - 1 O—O O 6 A)

1. Akushevich. P.H. Chu. H. Gao (co-snokesnerson). M. Huane. X. Li.



(x, Q%) (future) data coverage
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methods: - Collins effect in single-hadron production
- Di-hadron production

* limited data set = substantial overlap of results (except for d at large x)
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