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Transversity PDF h,, A¢q @

 correlation between the transverse spin of the
nucleon and the transverse spin of quarks

- together with the number density f; and the helicity g, the three
distributions fully describe the quark structure of the nucleon at LO in
the collinear case

» proposed in ’77 (Ralston & Soper)

- different properties than helicity
e chiral-odd, cannot be measured in inclusive DIS
* no contribution from the gluons
« first moment: tensor charge (computed on the lattice)

- first ideas on possible measurements in the 90s (Collins, ...)

« first measurements in 2005 (HERMES, COMPASS)
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how has Transversity been measured

in SIDIS it shows up as the “Collins asymmetry” s

amplitude of the sin®,. modulation
in the a;muthal distribution Q=P+ Ps—T
of the final state hadrons M

2
A quq hf@H_]l._q
Coll = RPYIS
quq fl g’

the best way to access transversity
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how has Transversity been measured

in SIDIS it shows up as the “Collins asymmetry”

amplitude of the sin®,. modulation
in the a;muthal distribution Q=P+ Ps—T
of the final state hadrons M

transversity Collins FF, chiral odd

\\ //
2 g N left-right asymmetry of the hadrons in the hadronization
A Zq eq h] ® qu process of a transversely polarized quark
Coll = - QUARK POLARIMETRY

qu; flq ®Dq

assessed in
eTe™ annihilation

1 1

DATA from
Belle, BaBar, BESIII

the best way to access transversity

DIS2019 Franco Bradamante



Transversity from SIDIS Collins asymmetry

simultaneous fit of HERMES p, COMPASS p & d, and Belle data
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Transversity from SIDIS Collins asymmetry

simultaneous fit of HERMES p, COMPASS p & d, and Belle data
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point by point extraction from
COMPASS p & d, and Belle data

A. Martin, F.B., V. Barone PRD91 2015
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di-hadron asymmetry

an other way to access transversity
in SIDIS off transversely polarised nucleons

azimuthal asymmetry in O .= @, + ¢, -7 "
| SaPr
Ni((DRs):NO'{liPTD'ARS'Sin(DRS } d);; ¢.-':*
£ A\ 9, f
S/ X
E\Prs Ry
“Interference / Di-hadron FF”
Belle Babar £ = Z;
L +
Z e h Hz Z2P1 T Z1P2
ARS Z e f DZh
¢ 1 71 4 T “gpin independent di-hadron FF”
being measured ...
collinear

used to extract transversity (Pavia group),
recently together with pp data
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difference asymmetries

namely
the asymmetries in the difference of opposite charge hadrons distributions,
have been proposed a long time ago

L.L. Frankfurt et al., PLB 230 141 (1989) 141
E. Christova and E. Leader, NPB 607 (2001) 369
A.N. Sissakian, O.Yu. Shevchenko and O.N. Ivanov, PRD 73, (2006) 094026 ....
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difference asymmetries

namely
the asymmetries in the difference of opposite charge hadrons distributions,
have been proposed a long time ago

L.L. Frankfurt et al., PLB 230 141 (1989) 141
E. Christova and E. Leader, NPB 607 (2001) 369
A.N. Sissakian, O.Yu. Shevchenko and O.N. Ivanov, PRD 73, (2006) 094026 ....

* they are in the COMPASS Proposal (1996), for SIDIS off longitudinally and
transversely polarised protons and deuterons

» they have been measured in SIDIS off longitudinally polarised deuterons
M. Alekseev et al [COMAPSS Coll] PLB 660 (2008) 458

 they were never measured in SIDIS off transversely polarised nucleons

DIS2019 Franco Bradamante



difference asymmetries

namely
the asymmetries in the difference of opposite charge hadrons distributions,
have been proposed a long time ago

L.L. Frankfurt et al., PLB 230 141 (1989) 141
E. Christova and E. Leader, NPB 607 (2001) 369
A.N. Sissakian, O.Yu. Shevchenko and O.N. Ivanov, PRD 73, (2006) 094026 ....

* they are in the COMPASS Proposal (1996), for SIDIS off longitudinally and
transversely polarised protons and deuterons

» they have been measured in SIDIS off longitudinally polarised deuterons
M. Alekseev et al [COMAPSS Coll] PLB 660 (2008) 458

 they were never measured in SIDIS off transversely polarised nucleons

first extraction from the COMPASS measurement of the Collins
asymmetries in SIDIS off transversely polarised protons and deuterons

V. Barone, F. B., A. Bressan, A. Kerbizi, A. Martin, A. Moretti, J. Matousek and G. Sbrizzai,
“Transversity distributions from difference asymmetries in semi-inclusive DIS,"
arXiv:1902.08445 [hep-ph]
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difference asymmetries

main advantage:
they allow to avoid the use of FFs in the extraction of the PDFs
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difference asymmetries

main advantage:

they allow to avoid the use of FFs in the extraction of the PDFs

f.i., helicity from double longitudinal spin asymmetries on deuteron

>4 eaAq(x, Q*) Dz, 0F)
> g cqa(x. Q) DIz Q%)

Ah (x, z. QZ) —

h+  h— h+  _h—
it _ O =00 — O — 0. Auy+ ad,

O oDt —ofp) et

COMAPSS PLB 660 (2008) 458

AN -h-
I 1

-0.2

-0.4}

not so simple for transversity, still worthwhile
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Collins asymmetries and difference asymmetries

notation:

cross-sections for hadrons (pions) of opposite charge
transversely polarised nucleons

O.;l_(q)c) — O.(i)_’t +fPT DNN O.%,t Sin (l)C + -

t=p,d
_|_

. . + Oct
 Collins asymmetries A, = —
Y’

. . O.z:,t O-E,t !/ o-zlt O.Elt

- difference asymmetries Ap: = — — Aps = — -
(two slightly different definitions) 0'0,1: + UO,t GO,t o aO,t
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difference asymmetries

+ R + R
Oct — Oct ' Oct — Oct
Ap: = —% - Ap: = — =
T o9t O T Oy — O
0,t 0,t 0,t 0t .

Gaussian Ansatz

i : + 2 ,,4 pt ny q

in terms of PDFs and FFs one has: 0ot~ 2qg €4 Xfy Dig  9¢:™~ Zqq egxh{ 1q

HE, = HE D%z, )“jdsz—H“( 0?)
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difference asymmetries

+ - + -
Oct —Oct , Oct — Oct
Ap: = — - Ap: = — -
’ o..+o0 ‘ or.— 0
0,t 0,t 0,t 0,t _

Gaussian Ansatz

in terms of PDFs and FFs one has: oF,~3%,z e2 xf.l Df gf ~3 _ e xhq
: 0,t aq ~q 1 1,q Ct qq *q 1 ,q

HE = 75,07 2 [ a5 B bt 0%

introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = Dl_,s = Dfs—

Jopr“’ X {(4f1u + fE)Dl,F + (4f11i + f1d)D1,U + (fls + fls:)Dl,s}
Oop™~ X {(4f1u + f1d)D1,U + (4f1u + f1d)D1,F + (f1s + f1S)D1,s}

oip = Top~ % (4" = ) (D1 — Dy y) ’
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difference asymmetries

+ - + -
Oct —Oct , Oct — Oct
Ap: = — - Ap: = — -
’ o..+o0 ‘ or.— 0
0,t 0,t 0,t 0,t _

Gaussian Ansatz

in terms of PDFs and FFs one has: oF,~3%,z e2 xf.l Df gf ~3 _ e xhq
: 0,t aq ~q 1 1,q Ct qq *q 1 ,q

HE, = HE D%z, )“jdsz—H“( 0?)

introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = Dfs = Dfs—

Jopr“’ X {(4f1u + fE)Dl,F + (4f11i + f1d)D1,U + (fls + fls:)Dl,s}
Oop™~ X {(4f1u + f1d)D1,U + (4f1u + f1d)D1,F + (f1s + f1S)D1,s}

oip = Top~ % (4" = ) (D1 — Dy y) ’

aoa~ x {(fi* + fA )(4D1F+D1U)+(f1 +f1 )(D1F+4D1U)+2(f1 + 17 )Dls}
aoa~ x {(f +f1d)(D1,F+4D1,U) + (f1 +f1 )(4D1,F+D1,U) +2(f1 + 17 )Dl,s}

oga—05a~ 3% (" + £*)(Dir — D1v) ’
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difference asymmetries

+ R + R
Oct — Oct ' Oct — Oct
Ap: = —% - Ap: = — =
T o9t O T Oy — O
0,t 0,t 0,t 0t .

Gaussian Ansatz

i : + 2 ,,4 pt ny q

in terms of PDFs and FFs one has: 0ot~ 2qg €4 Xfy Dig  9¢:™~ Zqq egxh{ 1q

HE = 75,07 2 [ a5 B bt 0%
introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = Dfs = Dfs—

odp — Top~ X (4, = ;") (D1r — Dyy) | o4 = 06a~ 3% (fi* + ) (Dyr — Dy y) ’
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difference asymmetries

+ — + —
A — O-C;t B O.C:t AI . O-C,t _ O.C,t
D,t — + - D,t - + —
06, + 0O Og; — O
0.t 0.t 0, 0t _
Gaussian Ansatz
i : + 2 q nt + q
in terms of PDFs and FFs one has: 0ot~ 2qg €4 Xfy Dig  9¢:™~ Zqq egxh{ 1q
Hi, = 1lq(1/2)+( z,Q )“jdzﬁrp_THH( z,Q%)
introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = fs = Dfs—
+ —_ Uy d’l)
06p = p~ x (4" = ;) (Drr = D1 y) | 054 — 0ga~ 3x (f" )(D1r — D1 y) ’

and the favored and unfavored Collins FFs H;  and H; y;, and assuming H; s = H; ¢ = 0
odp~ x {(4hY + hi)Hyp + (4h + hi)H, p)
ocp~ x {(4hY + h{)Hyy + (4hY + h{)H, £}

oc,

» = 0cp~ x (41" — hi¥)(Hyp — Hyy) |
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difference asymmetries

+ - + -
Oct —Oct , Oct — Oct
Ap: = — - Ap: = — -
’ o..+o0 ‘ or.— 0
0,t 0,t 0,t 0,t _

Gaussian Ansatz

in terms of PDFs and FFs one has: oF,~3%,z e2 xf.l Df gf ~3 _ e xhq
: 0,t aq ~q 1 1,q Ct qq *q CI

ger . D
Hiy = 1lq(1/2)+( 7,Q%) & jdsz_THH( z,Q%)

introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = Dl_,s = Dfs—

odp — Top~ X (4, = ;") (D1r — Dyy) | o4 = 06a~ 3% (fi* + ) (Dyr — Dy y) ’

and the favored and unfavored Collins FFs H;  and H; y;, and assuming H; s = H; ¢ = 0
ody~ x {(4hY + h{)H, r + (40} + h)Hy )

oep~ x {(4h% + h{)Hyy + (4hT + h¢)Hy p)
- O-ap"’ X (4hlltv - hfv)(Hl’F - Hl,U) |

+
O-C,p

oda~ x (bt +h{)(4H,p + Hip) + (RY + h{ )(Hyp + 4H1p))
oca~ x {(hY + h¥)(Hyp + 4Hyy) + (Y + hE ) (4Hyp + Hyy)}

oa = 05a~ 3x(h” + hi")(Hyp — Hyy) ‘
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difference asymmetries

+ - + -
Oct —Oct , Oct — Oct
Ap: = — - Ap: = — -
’ o..+o0 ‘ or.— 0
0,t 0,t 0,t 0,t _

Gaussian Ansatz

in terms of PDFs and FFs one has: oF,~3%,z e2 xf.l Df gf ~3 _ e xhq
: 0,t aq ~q 1 1,q Ct qq *q 1 ,q

HE, = HE D%z, )“]dsz—H“( 0?)

introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = Dfs = Dfs—

odp — Top~ X (4, = ;") (D1r — Dyy) | o4 = 06a~ 3% (fi* + ) (Dyr — Dy y) ’
and the favored and unfavored Collins FFs H;  and H; y;, and assuming H; s = H; ¢ = 0
d
UC,p O-CPN X (4huv h v)(HlF Hl U) | O-Od 3X(huv +hdv)(H1F _H1 U) ’
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difference asymmetries

+ - + -
Oct —Oct , Oct — Oct
Ap: = — - Ap: = — -
’ o..+o0 ‘ or.— 0
0,t 0,t 0,t 0,t _

Gaussian Ansatz

in terms of PDFs and FFs one has: oF,~3%,z e2 xf.l Df gf ~3 _ e xhq
: 0,t aq ~q 1 1,q Ct qq *q CI

dgef . P
Hiq = 1lq(1/2)+( z,Q%) ¢ jdsz_THH( z,Q%)

introducing the favored and unfavored unpolarised FFs D; r and D, y, and D, ¢ = Dl_,s = Dfs—

odp — Top~ % (4" = £)(D1p — Do) | 0fa—05a~ 3% (A7 + /) (D1 — Dry)
and the favored and unfavored Collins FFs H;  and H; y;, and assuming H; s = H; ¢ = 0
v dv
UC,p O-CPN x(4hu h )(HlF Hl U) O-Od BX(huv +hdv)(H1F _H1 U)
(4 dv
L 1x (4h}” — n$) (Hor — Hap) b (4’1? —1{") (Hyp — Hip)
D

4f" — f;lv) (D1 —Dyy)

— D;p_
P9 o5, + 0;

(
. ) (Y + nS") (Hyp — Hyy)
43 0 0 e ( 1t f;lv) (D1 — D1y)




ratio of difference asymmetries

_1x (4R — hi*)(Hyr — Hiy)
Dp — 9

+ —_
Top T Oo,p

. 1 X (hlitv ‘I‘ hfv)(HLF - Hl,U)
D,d — §

+ —_—
Ooa T 00a

DIS2019

N O hy?)(Hyr — Hyy)

P (4£" = £,)(D1r — Duy)

, (7 + h{")(Hyp — Hyy)
Dd =
(fluv + fldv)(Dl,F _ Dl,U)
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ratio of difference asymmetries

” dy Uy dy _
A . 1 x (4‘h¥ - h1 )(Hl,F - Hl,U) A’D . (4h1 hl )(Hl,F Hl;U)
Dp — Qg - D v dy
P9 Top + Top (4f" = f;*)(D1r — Diy)
v dy Uy dy .
4 — 1% (hy” +hy")(Hyr = Hiy) A, = (hy” + hy")(Hyr — Hyy)
D,d — o — ’ v dy
3 0oa t 004 (7 + £7)(D1r — Diy)
+ — U, d, / Uy dy Uy dy
Apg 3 Oop +00p h,”+ h, Ap 4 B 4f " — f{" hy" + h,
Ap, ot 405, ap™ — B Ap, 4+ & ap™ — p
Dp 0.d 0.d 1 — Yy Dp f1 + f1 1 ™
A | o5
from standard PDFs CTEQ Collaboration, EPJC 2000

de Florian, Sassot Stratmann, PRD 2007

and FFs parametrisations

d
xh "
allow to extract xhlll’” without knowing H,
1
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difference asymmetries — how to measure them

+ —_
Oct —Oct

A, =
Dt + -
0ot — 0ot

in principle, one should measure them starting from

UtD(cpc) = (O-(;l,-t_o-()_,t) + f Pr Dyy (UC+,t — 0ct) Sin®¢ t=p,d

if the acceptances for positively and negatively charged particles are not the
same, one should correct the number of events for the acceptance before
taking the differences, and treat carefully the statistical errors

if the ®d, acceptances for positively and negatively charged particles is the
same, the difference asymmetries can be extracted from the measured
Collins asymmetries in a simple way

we verified by Monte Carlo simulations that this
is the case for the COMPASS data

thanks to the COMPASS Collaboration for allowing
us to use the Monte Carlo simulation results
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difference asymmetries — how to measure them

in fact, if the acceptances are the same, one can write

+ — + —
A = Oct —Oct  Oo; At Oo¢ A=
Dt = 6t +6-. of. +0:, ¢t of +o-, Ot
0t T 00¢ 0t T 00 0t T 0o

where  a¢,~ Nf~1 /var(A;;—r,t)

and

var(A¢,)
var(Af t) + var(A¢ ;)

var(Ac,)
var(Af t) + var(A¢,)

+
Ct

Ct

Ap, =

using only the published results
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difference asymmetries — results

A C Protons + Deuterons
0.055}-
o 7 {)
@ |
ottt L L L
i 4 Jf
005 ! COMPASS
e ey
AD deuteron
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difference asymmetries — results

Ap deuteron I
ob Lyt
] .
b
-0.05+ proton
102 1071 | \x _ _
\ four highest x bins
\
Apa
AD,p 0.5
Ol e
0.5
same procedure forA}
1071 x
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difference asymmetries — results

g _ oy + 05y 1+ K

+ - d
AD,p O-O,d + O-O,d 4_h;ll'l'v _ hlv d
v
u d u d - hL

! u

! - d d -
AD,p 1“17 +f1 v 4h711v _ hlv

4 2
xh’
Uy
xhl 1) S S OO FOS
® from Ap M
® from A'p 2 ;
d
o from xh,” and xh;“’
A. Martin, F.B., V. Barone —Ar
PRD91 2015
_6—
|
107!
X
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difference asymmetries

conclusions

the method we applied is interesting and simple, and does not require
any knowledge of the Collins fragmentation functions

Ap and A’ give hf”/ h’f" ratios essentially identical with ratios

obtained from standard transversity extractions using SIDIS and e*e~
data

ratios obtained from A}, have slightly smaller errors

nice cross-check
everything is consistent
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