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Hadronization:e e — hX

® The conjecture of Confinement:

+NO free quarks or gluons have been directly\
observed: only HADRONS.
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+ Hadronlzatlon' descrlbes the process where colored quarks
and gluons form colorless hadrons (in deep inelastic scattering).




Fragmentation Functions

» The non-perturbative, universal functions encoding parton
hadronization are the: Fragmentation Functions (FF).
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» Unpolarized FF is the number density for parton i to produce
hadron h with LC momentum fraction z.
h
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p z is the light-cone mom. fraction of the parton carried by the hadron
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COLLINS FRAGMENTATION FUNCTION

- Collins Effect:

Azimuthal Modulation of
Transversely Polarized
Quark’ Fragmentation
Function.

Unpolarize
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h Lh P S
Dh/qT(ZapinO) :D1/q(Z»Pi)_H1 /q(zapi) :

 Chiral-ODD: Needs to be coupled with another chiral-
odd quantity to be observed. 4




TMIBERES AN B D=5

“* Leading Order TMD FFs “* Leading Order TMD PDFs




FACTORIZATION AND UNIVERSALITY

SEMI INCLUSIVE DIS (SIDIS)
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TMDs from SIDIS eN—ehX

A. Bacchetta et al., JHEPOS 023 (2008).

* For polarized SIDIS cross-
section there are I8 terms
in leading twist expansion
(unpolarized final hadron):

do
dx dydzdps dop dP7 |

~ tyur +etvur + ...

+18. [Sin(gbh — b3) (F(S]i;fééh_%) 4 5F(S]i’;ffh_¢3)) + e sin(¢p, + dg) F(S]i;(¢h+¢5) 4+ ]

» Access the structure functions via specific modulations.
» LO Matching to convolutions of PDFs and FFs: P < Q°

Fyur ~ Clfi D] Fzs}i;f?h_qw ~ Clfi D]
Fn®o ~ ClG(kr, Pr) hi HY)  Fop®*t*9) ~clh HE)



TMDs from SIDIS eN—ehX

D. Boer et al., NPB 564, 471-485 (2000).

* For polarized target and polarized final hadron SIDIS
cross-section contains ~30 terms !

® Unpolarized target and beam:
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TMD FFs from ete-

D. Boer et al., NPB 504, 345-380 (1997).

+ Two back-to-back hadrons in 2-jet events:

e +e” > hy+ho+X

e Y
4+ For polarized final state hadrons there are / ?
28 terms in the leading twist expansion.

lepton plane (cm)
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DIHADRON FRAGMENTATION FUNCTIONS



SIDIS with one measured hadron

e Measurement of the transverse momentum of the
produced hadron in SIDIS provides access to TMD PDFs/FFs.

e SIDIS Process with TM of hadron measured.

e TMD PDFs

iU ssajuids/jodun



SIDIS with two measured

* Measuring two-hadron semi-inclusive DIS: an additional
method for accessing TMD PDFs.

e SIDIS Process with TM of hadrons measured.
hy(P,)

h;(E)

e TMD PDFs

iU ssajuids/jodun
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UNIVERSALITY OF
FRAGMENTATIONS
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Universality of FFs: e*e- and SIDIS

e Universality was proven explicitly for all the
TMD FFs [Gamberg et. al, PRD.83, 071503 (2011)]

1LSIDIS leTe 1LSIDIS leTe
DlT _DlT Hl _Hl

e Similar arguments should apply in the case of

DiFFs.
_I_ _ —
E[1<ISIDIS _ E[1<Ze e G%SIDIS _ Gf_e e

e Naive-time-reversal-odd Sivers and Boer-
Mulders PDFs are predicted to change sign from
SIDIS to Drell-Yan [Collins, PLB. 536, 43 (2002)]

LSIDIS _ _ ¢1DY hJ_SIDIS hJ_DY
17 _ 17
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Accessing Gi DiFF in SIDIS

H.M. , Kotzinian, Thomas: PRL. 120 no.25, 252001 (2018).

e The relevant terms involving G :

kRt sin(pr — ¢R)
M;,
Glw f1DY] = /deT/koT52 (kT p+ P;“)

X w(pT7 kTa RT)fq($7pf2F)Dq(Z7€7 k%? RC2F7 kT ’ RT)

doyr, ~ SLQ[ 91t Glm}

e Weighted moment accesses same G as in ete- .

<Ph¢ sin(on — YR)

) s Yl gtyla) = G e M)
h UL .
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Accessing Gi DiFF in SIDIS: I

H.M.: arXiv:1807.11485. POS DIS2018.

e The relevant terms involving G :

Consider a polarized beam.

<PhJ_ SlIl(SOh — SDR)> ~ Ao Z@Z fla’(x) z Gi—a(z,M}%)
LU a

C'(y) S, F () 2 GE* (2, MP)

2o J1(x) DY (2, M)
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Accessing Gi- DiFF in ete-
H.M. , Kotzinian, Thomas: PRL. 120 no.25, 252001 (2018).
® The relevant terms involving G;:
RT X kT)g (RT X EZT)
Mj, M;;
* Need a gr-weighted asymmetry to get non-zero result

dor ~ f[( "G (Rr - k)G (R - ET)}

g7 (3sin(p, — pr)sin(e, — pi) + cos(py — ©r) cos(py — ©r))
Mth

].2 2A a a ~ 1l a a
_ 1207A(y) > (Gf o _ gt ,[2]) (Gf o _ gt ,[21)’

a
a,a

e A new asymmetry to access G * = Gf w0 _ L
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Accessing Gi- DiFF in ete-
H.M. , Kotzinian, Thomas: PRL. 120 no.25, 252001 (2018).
® The relevant terms involving G;:
(RT X kT)g (RT X EZT)
M? M?
* Need a gr-weighted asymmetry to get non-zero result

<q% Still cannot test >>>

1 the Sign !
= — %‘Qpaz’a—wt—ﬂ————&r 7"("'1—"-——-”7

doy ~ f[ 3G Ry - kr) G (Ry ET)}

* A new asymmetry to access Gf"’ = Gf“’[O] — Gf“’m
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A NEW MEASUREMENT
In ete-
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FRAGMENTATIONS FROM ete-

**inclusive hadron
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FRAGMENTATIONS FROM ete-
FF DiFF

“*inclusive hadron “*inclusive hadron pair

“* back-to-back hadron pair and a hadron

i N Dtz @ ph T

e e
> ,! ¢ 7 <
,""///‘ 7 //
/’ /} 4 /// ” _
'/1/ e ‘/ Z e
> - <
_« 77
\/ - .
* back-to-bac 9V on pairs
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R i
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The “usual’ kinematics in ete-
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The Cross Section

H.M. , Kotzinian, Thomas: arXiv:1808.00954. (in press JHEP)

e Use the standard kinematics to derive LO x-sec.

d0'<6+€_ — (h1h2)+A+X> _ aem 226
d2qr dz dogr dM,% d¢ dz dy (27 2Q2

1 aslrsend
k _
— SrA(y) F | 3-sinler = s) Di‘%l’”DfT’“ﬁA]
Al F krRr GJ_a—>h1h2Ga—>A
+ A A(y) M2 sin(pr — ¢R)
| My
krRr . kr

a2 Snlek = sm)m cos(ieg — ps) GG
h

k
+ SrB(y) F < ﬁi sin(gg + pg)H; 0 Mh?

R
+ o sin(pr + pg) H M) HHA]
h

k
+MB(y) F l( A, S0k ) e

R B
+ Vi sin(¢r + o5 Hy ’CHW”) _THIJ_L’CL_)A]

k
+ SrB(y) F [( MTh sin(ipp + g H "7

R k2 .
+ S sin(er + @) Hi M) = cos(ipr — ) Hip"

k
+ B(y) .7:[( ﬁi cos(pr + wk)Hl .a—h1h

Rr a—shiha) KT L Lasa
+ 31 cos(or + o) B I2) FLET
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Flavor Decomposition of DiFFs

“*Integrated cross section

do (e+e_ — (h1hg) + A + X) 20,2
em a—h1h —~a _
dz dM,% dz dy - (27T>2Q2A(y) Zei D™ Q(Z,M;%) D1_>A(z),

* Isospin symmetry

u—mtrT a—rtrnT  pd—rtaT d—mtr—
Dy = Dy ~ Dy = D )

Ds—>7r+7r_ L D§—>7T+7T_
1 _ 1 .

“* One pair inclusive: cannot disentangle the flavor dependence

_ 5 _ 1 _
dO'(€+€_ — (h1h2) _|_ X) ~U 62 Di]—)ﬂ'""ﬂ' ~ §D111,—>7T+7T (Z) _|_ §Df_>ﬂ-+ﬂ- (Z)
q

*New process: use the knowledge of single hadron FFs!

5 _ 1 )

do(ete™ = (hih) + 71 + X) ~ 50’5%” (2)D¥ =7 () + 51){%” (2)D5 =7 (3),
Dy ~"(z) = D{"(z) + DT (2).
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Weighted Asymmetries.

* Unpolarized hadrons: Accessing Collins x IFF

q—TCOS( + ) — 30‘2777, B<y)
My Ve T PR (27)2Q2 M2 M,

X Zei/dgfdgoR/quT/koT/dQET52(kT‘|"_€T — qr)qT cos(py + YR)

X [(kaT cos(r + i) Hp 7" 4 Ropkp cos(or + gpk)Hﬁa—mlb)Hf,a—m] |

<+ Momentum weighing helps to disentangle TM convolutions.

[ ar 8kr + Fr — ar) arcos(ey + or) = (kr cos(er + wr) + Fr cos(iog + ¢r).

%* Resulting moment and the asymmetry.

a7 302 2 rr<,a—hih 2\ gLl -
— em B H y 1742 M H 9
<MA COS(QO(] + SOR)> (27_‘_)2(022 (y) za: ea 1 (’27 h) 1 (2)7

Bly) Yy ca B2 (= M7) H; " ()
A(y) Za, eg Diz—>h1h2(Z’M}%) D?—)A(z) .

AColl _
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Final State Polarization

< X-Sec: conditional probability for a given S a:

do
W—OK—F,B'SA

< Extract acquired polarization S A, that is measured in experiment:

24



Acquired polarization integrated over Rr

% Using the derived X-Section:

/

3a? _
o = ae2m 2222 Z 662L< A(y)F{D%—ﬁLDiL—)A}

Q
\
.
B B _
| MA(]?@hF{kaT cos(pr + go,;)HlL’a_)th’a_)A} >
/
?)Ozgm 2 _9 2 _ E’{T a—h J_,c_z—>A_ _k% l,a—h rra—A
8= ok 2°Z Zea — A(y)F R D{™" D2 + B(y)F MhHl Hir
_E k ]2 . a a [
+ B(y)F ]\TMZ{ sin(r, + pp)Hy 7 H 2278

** Only depends in the final state momenta, parametrised in terms
Yy d€p >

of FFs and DiFFs!
25



Weighted Polarized Asymmetries: L

< Accessing Helicity DiFF

(51, = { A sinliy = pn) ) = s A) Y €2 GEMP (2 M) GIPA @),

1,a—hiho a =
<8L>Sin(g0q—ng) (Z M}% 5 y) _ Za 63 Gl — (Z,Mg) GlE)A(Z)

>, €2 DY (2, M) DiA(z)

Nonzero measurements of longitudinal A polarization at ALEPH!

< Combination of IFF with Kotzinian-Mulders type FF:
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Weighted Polarized Asymmetries: T

< Accessing IFF

1n 3 gm a—h1h _
Bo)prer = B)gei’ = 5 S5B) Y el HY M (2 MR) HE A (3),

<,a h1ho
(87)MPR) = (gpyeoston) — 1B(y) Yaea HT" (2,

€T

Y 2AW) Y, e DT (s

)

’ [ [ [ ° . N /
< (Self-) polarizing DiFF from normal polarization: 3, = 3, - g+ /qr
similar to Boer et. al. PRL. 105, 202001 (2010).

% BELLE results for single hadron .,
“associated” production:

Polarization

0.4 06 0.8 04 06 0.8 04 06 038 04 06 0.8
Z Z y4 Z 27
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Measuring Hyperon Polarization

« Measuring polarization of a hyperon using weak decay, (A" — p+ 77).

dN
~ 1 4 apsp cos(f
Ndcos0 a8 cos(0),
p
0
/\‘% 5’/\ angle betweer.l pr.oton mom.
/ and ‘“‘quantization’ axis
~

<+ Asymmetry for the full final state: narrow width approximation.

ete” — (hlhg) -+ AY + X — (hlhg) + (p —+ 7'('_) + X

<COS(HP)](\]4—7; sin(pg — SOR)> ~ap GO GEpA
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CONCLUSIONS

% Quark polarization gives access to non-perturbative dynamics in DIS.
%* DiFFs provide information on the polarization of the fragmenting quark.

% Universdlity of FFs and DiFFs needs to be tested experimentally!

%« New Measurements in e*e- to probe FF®DiFF

“* Employing the extended weighted asymmetry method:

e Flavour decomposition of DiFFs.
e Combined global fits for polarized FFs and DiFFs.

e Test universality of DiFFs.
29



BACKUPS



Two-Hadron Kinematics

A. Bianconi et al: PRD 62, 034008 (2000).
+ Total and Relative TM of hadron pair.

P, p P, P,
P=P + 5 Z =21+ 29 // \\
1 21 29
R=-(P-P) (=—"=1-= |
2 z z k A AGRP,) Tk
+ Two Coordinate systems:
° | - mode”ing hadronization o]’ field-theoretical definition of DiFFs

il et

“* Relative TM in two
systems

1
R, = §(P1¢ — Psy)

4+ Lorentz Boost:
Pir =P, + 21kt

Por = Py, + 20kt

L P, Rr =
_ 2
L 2 31

2o0P1 — 21 Po




Field-Theoretical Definitions

® The quark-quark correlator.

Aij(k; Pr, Pr) = Z/d4§€ik°g<0\¢i(4)\P1P2»X><P1P2aX!%‘(O)W
X

® The definitions of DiFFs from the Quark Polarization

T

AY V=D (2, ¢, k%, R% k- Ry) Unpolarised

related to “jet handedness”

- 7 Ryikr;
AV vs) ST Gf(z,f,k?p,R%,kT - Rp) Longitudinal

Mj,
A[ia’i‘%]_e?zzRTjHﬂ 12 B2 L. R
== 2,6, k7, R kr - Ry) ransverse
G%ZI{ITj

Hll(zafv k’_QFv R%v kT - RT)

My, 32



Fourier Moments of DiFFs

® Expanded dependence onYPRriK = YR — Ykin cos series

1 00
( f,kT,RT,COS SOKR — Z
=0

T

cos(n - Y R) il
k R
1_|_50n 1 (Za€7| T|7‘ T|)7

F[n] — /dSOKR cos(nngR) (COS(QOKR))

¢ Integrated DiFFs and Fourier moments

DY (z, M2) = 22 / Pk / d¢ D (2, ¢, k2., R2)

a,[n R
GJ_ o Z Mh — < /koT/dg <2M2> ‘ T| 1 (Z7€7k%7R%)

oMz, M2) = 2 /deT/

Hi M (2, M2) = 2 /koT/df ‘kﬂ (2, kr, |Rr)

\RT\

™ (2,€, |kr|, | Rr|)
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ACCESS TO TRANSVERSITY PDF From DiFF

' M. Radici, et al: PRD 65, 074031 (2002).

¢ [n two hadron production from
polarized target the cross
section factorizes collinearly -
no TMD!

e Allows clean access to

transversity. 1
dot —dot > € hi(x)/x H (2, M})

- T ocsin(or + @s) WY 7 >

do™ + do >, €2 fl(@)/x Di(z M)

e Empirical Model for D{ has been fitted to PYTHIA

A. Bacchetta and M. Radici, PRD 74, 114007 (2006).

, 7 25000 .. | | | | | )
00| Experiments
20000 | o ]
*cé 15000 - & @
F = 15000 | J
§ 10000 | 5 PSRN ES,
j © 10000 | ] COMPASS.
5000 | 5000 | ]
ol ‘ ‘ ‘ ‘ ‘ | ol ‘ ‘ | | ‘ \\\::, BELLE.
0.4 0.6 0.8 1 1.2 02 03 04 05 06 07 0.8

Mh (GeV) z



Moments of DiFFs in SIDIS

A. Bacchetta, M. Radici: PRD 69, 074026 (2004).

® Here transversely polarised DiFFs are admixture of cos
Fourier moments of both unintegrated DiFFs:

0 i
HESIDIS(ZvMIZJ) = [Hf[ | + H; [ ]}

Lo 1
HlJ_,SIDIS(ZvMIZJ) = [Hl o Hf[ ]}

e Generated by cos(orx ) dependences of unintegrated
DiFFs: Prx = PR — Pk

dour ~sin(pr + ¢s)C | H (cos(pric))

+ sin(pr + ©g)C [thL(Cos(ngK))] —
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Back-to-back two hadron pairs in ete-

D. Boer et al: PRD 67, 094003 (2003).

d0'(6+e_—>(h1h2)(ﬁlﬁz)X)
dqrdzdédMid prdzd€diMid prdyd @'

2

26a —» =a HJl_anIJI_a
agzz A(y)FLDI{D{]+cos(2¢,)B(y)F

(Zi\lkTi\lI;T_kTI;T) — —
(M +M5)(M,+M,)

= e

a,a

Lagml
HlaHla
(M +M,)(M,+M,)

—sin(2¢,)B(y) F (fl' kTé'l_CT_{_ h- ETé'kT) +cos( g+ ¢E_2¢l)

lepton frame
i il B
X B(y)|Ry||Rs| F h-k V| + M

(»)| Rzl Ry] "M+ M) (#,+ M)

+cos(p|+ dp— (Z’I)B()’)|RT|‘7T

j: —
1 1

Y —
iy iy O AT SR HIBOIR

—sin( ¢, + dp— ¢Z)B(y)|RT|f[§"_‘T

}_[ H 7 H g
X F| h-ky ———— | —sin( ¢+ pr— ¢ )B(y)|R;| F| g ky ———— [+ A(y)|R7|| Ry|
(M +My)(M,+M,) (M +M,)(M,+M,)
la~la
x| sin(d;— dp+ d)sin( b, — bzt SN F| h-krh-Fp——— |+ sin( b, — b+ d)cos( b — bzt &'
(p1— prt @')sin( b, — pr+ ¢') T TMleMle (b1 — Pt P)cos(dp)— P+ @)
LaGLa Laéia
~ 1 1 A A = 1 1
XF|lh krg-k — |+ cos — dp+ d)sin — b+ OO F| g-kh-ky——— | +cos — ot P
8 TMl NTN72 (p1— Prt @')sin(dp,— P+ &) F| g ky TM1M2M1M2 (¢ — prt+ @)
X cos(p,— pr+ &) F| g-krg-k Gi'G” (19)
cosS — dr . hky——m—— ,
1 R 8 k1§ TM1M2M1M2

e Can access both helicity and transverse pol.

T —= = - ___ — —_ = —_—

V4

|

Gy (2, My)Gy (2, Mj})
Dl(za M}%) Dl(za M%)

ACcos(2(pr—¥R))




Moments of DiFFs in ete-

D. Boer et al: PRD 67, 094003 (2003).

e |[n asymmetry: helicity-dependent DIFF in the.

cos(ppr — gokl)\oment

5= [ de [ don [ @er((er - Re) G-, €. Bk - R

® |[n asymmetry: IFF.

\ er+e (2, Mj}) = /dffds@R/koT !RT\H (2n, &, k7, R7, kr - R)

eDiffer from SIDIS !

<, |0 0 111
Hi oo (2 Mj) = HY Higpprs(e, M) = [H + B V)
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Moments of DiFFs in e*e-

D. Boer et al: PRD 67, 094003 (2003).

¢ In asymmetry: he’

Gi(z, M?) /dg/

 In asymmetry: IFF{30

aendent DIFF in the.

/

| er+e 2, M?) / de /

Olefer from SIDIS !

<, |0 0 111
Hi v (2 M) = HU' Hispprs(zM3) = B + 50

e Might strongly affect combined
37



Back-to-back two hadron pairs in e*e-

D. Boer et al: PRD 67, 094003 (2003).

e Can access both helicity
and transverse pol.
dependent DiFFs:

h lepton frame

Gy (2, M)Gy (2, M7)
D1 (Z, M}%) Dl(i, M}—?)

HZ(z, M2<z o
Dl( M2) Dl(—,M_Z) ”

—
4 BELLE results.

Phys.Rev.Lett. 107 (20I 1) 072004 PoS DIS2015 (2015) 216
i i I I I I I I TP S P PP S EPUPRPIN NPT EPRPIPE NP B 3 0.012

| gcos(pr+¥R) A, Acos(2(er—¥R))

= 0.42<z,<0.50 3 0.50 <z, < 0.57

[ R R R R R T
NIN\ /
COS(2(Pp-Dp )
o o
o o
S O
5 ©
|

Jet A
T
I

|
T

—1
T

|

0

|
—+

0.2 0.3 0.4 05 06 07 08 09 02 0.3 04 05 0.6 0.7 0.8 09 4

0012556 08 s 07 05T a9
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Back-to-back two hadron pairs in e*e-

D. Boer et al: PRD 67, 094003 (2003).

e Can access both helicity
and transverse pol.
dependent DiFFs:

h lepton frame

V4

H(z M2)H<( !
Dl( 7M2) Dl( \

G (2, M;)Gy (7, Mj)

| gcos(br+eR) -
D1 (Z, M}%) D1 (5, M}—?)

4 BELLE results.

ACos(2(pr—¥R))

Phys.Rev.Lett. 107 (20| 1) 072004 PoS DIS2015 (2015) 216
P L | . : =~ 0.012 —_—
0.02&- 3 en&“
mg_ggi_ m*____ _ ‘F—-u-._____ eﬂ; 0.008
0:06:: T ov : v ~
00%F 042 <z,<0.50 3 0.50 <z, <0.57 E 0.004
0.12F = ()
014E . B < 0 —
0.04;: 3 -E;
“3'0(2,5 =-0.004
0.02F 3
0.04F 3
0.06f -—__--- 3 -.‘_--- ol
008
' 0.65<2,<0.72 3 0.72<z_<0.82 .
S N ERE 0.012™ 4394 05 06 07 08

0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 02 0.3 04 05 0.6 0.7 0.8 09 4 38



How to resolve these?

Quote from Anatoly Radyushkin:

- —, = “‘I am old enough to know that if something is published, it is not
- & necessarily correct”
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Re-derived ete- Cross Section

H.M., Bacchetta, Boer, Courtoy, Kotzinian, Radici, Thomas: Phys. Rev. D 97, 074019 (201 8).

® An error in kinematics was found:

ho lepton frame

e The new fully differential cross-section

do (e+e— 5 (hlhg)(ﬁlﬁg)X>

d? quzdfngRdMdedfdngdM2dy

+ B(y)F

+ B(y)F

k| k]

My, My,
k1| | Ryl

Mh Myp,

|Rr| |kr| |Rr| ko

cos(y + i) Hi-* Hi-®

cos( + pr)Hi-*H®

M2

M2

a,a

sin(pr — ¢r) sin(ex

+B<>{ _

3042 a Ma
0 227° Z eg{A(y)]: {Dl Dl}

|Rr| |Rr|

+ B(y)F |:Mh A

Rr| |kr]

My, My,

SOR) G_I_a G_I_a

cos(or + pp)H* H®

cos(¢r + o5 ) Hy* Hi-*

}.
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Re-derived ete- Cross Section

H.M., Bacchetta, Boer, Courtoy, Kotzinian, Radici, Thomas: Phys. Rev. D 97, 074019 (201 8).

® An error in kinematics was found:

ho lepton frame

e The new fully differential cross-section

do (e+6_ — (h1h2)(ﬁlﬁ2)X) 3 , 5 T
5 = = SR % E €a A(?J)]: Dy Dy
d2qrdzdédprdM?2dzdEdp pd M2 dy ~ 7Q e

Jr[wDaDd] = /kode2I;tT 52(kT -+ ET — qT)w(k:T, EZT, R, RT) D% D2,

1 B —
Ryl kr| |Ry| |k
A(y)F{I ?LLTH g‘}f‘sm(s@ — pR) sin(p; — )G *GL® }
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IFFs in e*e-and SIDIS.

H.M. , Bacchetta, Boer, Courtoy, Kotzinian, Radici, Thomas: Phys. Rev. D 97, 074019 (201 8).

® The asymmetry now involves exactly the same
integrated IFF as in SIDIS!

eostonton) _ 1 BO) Taa CaHi (2 MY H (2, M7)
2A(y) 2, 2D5 (2, M) DY (2, 117

(2, M) = 2 /dsz/de z,&, |kr|, | Rr|)

,10 1,
H1e+e (2 ,M}%):Hf[]—l—Hl = = H{grprs(# , M)

—

kare vahd !




Helicity-dependent DiFF in ete-

® The relevant terms involving G;-:
(RT X kT)g (RT X ET)
5 _
M;; Mj,
e Note: any azimuthal moment involving only YR, YR Iis zero.

dO‘L ~ .F[ & G%Q(RT . kT)é%a(RT . ET)}

Break-up the convolution: / d2qT52(kT +kr —qp) decouple kr on
both sides

Using: 0. — 90;4 + ©R., /dsz sin(wg ) cos(npg) =0

(f(¢r,vRr))L =0

® The old asymmetry by Boer et. al. exactly vanishes!

0.012

e Explains the BELLE results. % o

S 0.004

fuTTETE

0012 gl g e 0 42
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Helicity DiFFs at COMPASS

» SIDIS extraction in

CO’\_/”:’_ASS
ko R Sin(gpk B QOR) ) B AZ"Z("’ ) preliminary
dUUL ~ A(y)g 5 qgir1, G1 sin(2¢ 29 )
M2 a
sin(2¢ )
prkr sin(e, + o) N Ao
B ple prie] Fes
" (y)g - MMh . jgrﬁ(w )
_pTRT Sin(gop -+ SOR) <[CL Aé{#(f}q} )
+B)Y : M M, h H, ] Agrﬁ(w 2 )
Aé{)LS(gbhgbR)
Aéés(2¢h-2¢ﬁ) .
I 27 2 Py, Sin(g )
GlwfiD = [ d°pyp | d°krd (kT —DPr + 2 ) AUL<H) °
cos(¢ :
Ay "
w(pT7 k’Tv RT)fq<$7p%)Dq(z7€7 k’%’? R%a kT ) RT) ~0.02 -0.01 — 0 — 0.01 — 0_62

(A)

. Asin(n(goh—SOR)) are convolutions of (17, and G1L

» Low <x> = 0.05 !

» Limited statistics.
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POLARIZATION IN QUARK-JET

4+ Extended quark-jet: ( /’Y

Bentz, Kotzinian, H.M, Ninomiya, Thomas, Yazaki: PRD 94 034004 (2016). ﬁ > W\
q Q' Q"
Q

3
» The probability for the processq — (), initial spin s to S &

4

q—Q : — : b -
Fozpiis,S) = 0, B, S C T

» Intermediate quarks in quark-jet are unobserved! Q

We need the induced final state spin S'.
F7%(z,p1;8,8) ~ Tr[p% p5] ~ 1+ 8-S

» Remnant quark’s S’ uniquely determined by 2,P | and s !

(g

» Process probability is the same as transition to unpolarized state.

q—Q : _
F (vaJ_asao) — Qg a4



