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ete” — qq

cleanest way to access FF

® Universal: can be used to study the nucleon

structure when combined with SIDIS and Ah o= —

hadronic reactions data LL = ocz+40=2

(FF contribute to hadron production cross sections,

azimuthal spin asymmetries...) ﬁT o)
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left-right
quark asymmetry
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Collins mechanism: correlation between the parton
transverse spin and the direction of final hadron




left-right
quark asymmetry

9

Collins mechanism: correlation between the parton
transverse spin and the direction of final hadron

strictly related to the outgoing
hadron tranverse momentum

TMD!




left-right
asymmetry

Collins mechanism: correlation between the parton
transverse spin and the direction of final hadron

strictly related to the outgoing C h i ral Od d!
hadron tranverse momentum
' X @Hf
TM D ! chiral odd
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left-right
asymmetry

In ete- reaction, there is no fixed transverse axis to define azimuthal angles to,
and even if there were one the net quark polarization would be 0
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quark asymmetry
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In ete- reaction, there is no fixed transverse axis to define azimuthal angles to,
and even if there were one the net quark polarization would be 0

But if we look at the whole event, even though the q and g
spin directions are unknown, they must be parallel

ete” = qq = hi1hy X
h=m K
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¢;+¢d, method: ¢ method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the gqq axis proxy to hadron 2

Thrust axis

reference plane (in blue) given by the reference plane (in blue) given by the
e+e- direction and the qq axis et+e- direction and one of the hadron

Thrust axis= proxy for the qq axis
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¢;+¢p, method: ¢o method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the qqg axis proxy to hadron 2
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1 \#1

H
1 + cos? 0, Di(21)D

=)

FlX] = Z/[Qﬁ'lefl'sz — k1 - k2]
qq

d’kr1d°krs 6% (k11 + ke — qr)X

D. Boer
Nucl.Phys.B806:23,2009 6 kTi = Z; pTi
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¢;+¢d, method:

hadron azimuthal angles with respect
to the qq axis proxy

D. Boer
Nucl.Phys.B806:23,2009

¢o method:

hadron | azimuthal angle with respect
to hadron 2

..
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sin? 6,
1 4 cos? 65

) o~ My (1 + COS(%O)I[;I;EZ;EI;((Z))])
FlX] = Z/[Qﬁ .kr1h - kg — kpy - ko]

d’kr1d°krs 6% (k11 + ke — qr)X
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6 kT = 2z; pTi
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¢;+¢p, method: ¢o method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the qqg axis proxy to hadron 2

sin? 6,
1 + cos? 0,

cos(2¢qg)F

Hi-(z1)H
D (z)D

) 0NM0(1+ ;(( ))>
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d’kr1d°krs 6% (k11 + ke — qr)X

D. Boer
Nucl.Phys.B806:23,2009 6 kTi = Z; pTi
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Like-sign couples
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Like-sign couples ®
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¢;+¢d, method: ¢ method:
hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the gqq axis proxy to hadron 2




But! Acceptance and radiation
effects also contribute to azimuthal
asymmetries!




But! Acceptance and radiation
effects also contribute to azimuthal
asymmetries!
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To reduce such non-Collins effects:
divide the sample of hadron couples in unlike-sign and like-sign (or All-charges),
and extract the asymmetries of the super ratios between these 2 samples:

Unlike-sign couples / Like-sign couples

Dhl ho

wl

_ RU/RL

Unlike-sign couples / All charges

Diihs = RY/RC




Q;+d; method

sin? 0 L] (zl)f_lf[

- sin? 6, H1 29)
1 4 cos? 9T\€08(¢1 + o) DY (21) DY (22) Mo+ 1 + cos? B CO'S 2¢)F[ 1 (22) D

o~ Mjis (1

D" =RY /R Dy = RY/RC

Bi2(1 4 A2 cos(¢1 + ¢2)) Bo(1+ Agcos(2¢g)) ][




¢;+¢, method ¢, method
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ALLIC L] d
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~ 1,1) 16

A

. Eh hadron energy fraction PT component of hadron momentum transverse
— Ep with respect to Parton to reference direction
21, Za |. p1+¢@2 method: the thrust axis |pT1, pTgl
2. ¢po method: hadron 2
(T component of virtual photon momentum
transverse to the hih; axis in the frame
where h| and hz are back-to-back

z 0.2 0.25 0.3 0.42 I

PTI2 0 0.13 0.3 0.5 3

PTO 0 0.13 | 0.25 0.4 0.5 0.6 0.75 I 3

qr 0 0.5 | |.25 1.5 |.75 2 2.25 2.5

sin?6/(1+cos?6) 0.4 0.45 0.5 0.6 0.7 0.8 0.9 0.97 I
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[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]
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[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]
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Results from 2007 and 2010 data taking
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Results from 2007 and 2010 data taking
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y qr sin20/(| +cos’6) pT
7r _ RUTK‘T&'/RLTFT&' \/ \/ \/ New!
Dul = RUTk JRLTK New! New! New! New!
Dy = RUKF JRERF New! New! New! New!
yi qr sin?6/(1+cos?6) pT
ng _ RUT&'T&'/RCTFTF \/ \/ \/ New!
Drh = RUTk JRETE New! New! New! New!
Dkk RUkk/RCkk New! New! New! New!
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DZlk _ RUﬂ‘k/RLﬂ'k
Dﬁéﬂ _ RUkk/Rka

DZ? _ RUT&'T&'/RCTFTF
Dﬂ'k _ RUWk/RCWk
Dkk _ RUkk/RCkk

'\ N3

1OV

7 qr sin?0/(|+cos?O) PT
v v v New!
New! New! New! New:
New! New! New! New!
, ar sin6/(1+cos?0) | pr
v v v New!
New! New! New! New!
New! New! New! New!

Word of caution: this analysis is mainly aimed at kaons, so kKinematic cuts and
binning are optimized for kaons, and the same values used for pion too.

rr results cannot be compared directly to

-—)

published results
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¢ method

Thrust axis

sin? O H MG M (29)
29y SOt )T e
L+ cos™Or D7 (21)D1 7 (22)

o~ Mig (1 + ) o~ My (1 + sin” 0 008(2¢0)f[g%(21)gi(22)])
1

Both interesting: different integration of FF's in pri,
might provide information on the Collins pr
dependence




¢ method

Thrust axis

sin® fr Hi Y () Hi Y (29) sin” 0 Hi(z1) Hi(22)
o~ Mio(1l+ cos(o1 + 1 - o~ M (1—1— cos(2 .7:[ 1 1 ])
12( 1 4 cos2 Op ($1+ ¢2) Dgol (zl)DQO] (22) ) 0 1 4 cos? 65 (2¢0) Di(21) D7 (22)
thrust o Both interesting: different integration of FFs in pm,
6 might provide information on the Collins pr
dependence
e*te-
Advantage: more intuitive Advantage: more convoluted
Technically more complicated: require the Technically simpler

determination of a q@ proxy (Thrust axis)




Thrust axis

sin? O H MG M (29) i' sin? 6, Hi(z1)Hi (22)
~ 1 ~ 1 2 —
7 M12( T T o207 c0s(dr +2) D (1) Dy (22) ) | iy MO( 1 + cos? 6 cos{ qbo)]:[Df(Zl)Df(@)])
L — .

— Both interesting: different integration of FFs in pr,

9 might provide information on the Collins pr
............................... dependence
ete-
Advantage: more intuitive Advantage: more convoluted
Technically more complicated: require the Technically simpler

determination of a q@ proxy (Thrust axis)
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Aerogel Cherenkov

SC solenoid e\ VA DN 5
! === n=1.015"1.030
== , I

1.8T

3.5 GeV e*

Csl

TOF

8 GeV e- 77 1\_Central Drift

k \Chamber
N

Asymmetric e+ e- collider Si vertex 1/ K detection

On resonance: Vs = 10.58 GeV (e+ e- — Y(48) — BB)
Off resonance v s = 10.52 GeV (e+ e- — qq (q=u,d,s,c)) GOOd tI’a,CkiIlg e [ 170; 1500]

Good PID: e(m) 2 90%
e(K) =2 85%
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@ KHK

7 Aerogel Cherenkov
SC solenoid N / _ ~
15T Sy N {L n=1.015"1.030
Lo 1 3.5 GeV e*
CsI \ TSR
TOF D >
8 GeV oy - = R .;. ~_Central Drift
ST SN | \Chamber
i\
- \ 4 \‘ '\i‘
. K_ detecti
Asymmetric e+ e- collider S1 vertex W/ K, detection
On resonance: Vs = 10.58 GeV (e+ e- — Y(48) — BB)
Off resonance v's = 10.52 GeV (e+ e- — qq (q=u,d,s,c)) Good tPa,Cking S [ 170 ; 1500]
This analysis uses ~790 fb! Good PID: e(m) 2 90%
e(K) = 85% j[
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Nj,’l“a/w _ P’LQNZ

i=mK

(j — 67 /’1’77-‘-7 K7p]

Perfect PID = j =1




Nj,’l“a/w _ PZJNZ

i=mK

(j — 67 /’1’77-‘-7 K7p]

Perfect PID = j =1

e(1m) = 90% &(K) = 85%




j,raw i [Z — 7 K)
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%NZ— 1N]raw

Perfect PID = j =1

e(1m) = 90% &(K) = 85%

( Pe—>e Pe—)u Pe—>7r Pe—)K

QQGIQ T P,u—>e P,u—>,u P,u—MT P,u—)K

T / Pz’j — P T—e P7r—>u P7r—>7r P7r—>K
% e, w, K,p Px_e Pk, Prxorx Prok




How to determine the P




How to determine the P

From data!




How to determine the P

D* ~ D°
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Tslow

From data!
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D* > >
From data! T T
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How to determine the P

D* ~ D°
_I_
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From data!
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D* > >
From data! T T
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armine the Pii

D* > >
From data! T T

mp — m%
? = 1"m,, - my) ‘
_5,6 bg(m, - my)

‘ITY] Tir TTY]YYTYITYTY: YT\ TYY]TY

B DY RSN R R Ve
14 0142 0144 0146 0148 015 0152 0.154

M. = My [GeVIch2)

Negative hadron = K —
(no PID likelihood used)
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How to determine the P

D* ~ D°
_I_
Tslow

From data!
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D* > >
From data! T T
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armine the Pii

D* > >
From data! T T

mp — m%
? = 1"m,, - my) ‘
_5,6 bg(m, - my)

‘ITY] Tir TTY]YYTYITYTY: YT\ TYY]TY

B DY RSN R R Ve
14 0142 0144 0146 0148 015 0152 0.154

M. = My [GeVIch2)

Negative hadron = K —
(no PID likelihood used)
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538888388

TR IR W S W A . ..
014 0142 0144 0146 048 015 0452 0154

armine the Pii

-

My, = Mye iGeVIt':"zl
Negative hadron
identified as ™

e mrwa wiruiruirr W NP R PEFIN EPEPEPEN
14 0142 0144 0146 0148 015 0152 0.154

My, - My, [GeVicA2)

Negative hadron = K —
(no PID likelihood used)
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armine the Pii
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Z
25 0
. mp — mp
3eoE.
200 = *m,, - my)
'°°r bg(m, - my)

Negative hadron
identified as 7T /

- vt i 0 RPN R PEFIN EPEPEPEN
14 0142 0144 0146 0148 015 0152 0.154

My, - My, [GeVicA2)

Negative hadron = K —
(no PID likelihood used)
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How to determine the P

D* ~ D°
_I_
Tslow

From data!
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D* > >
From data! T T
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armine the Pii

D* > >
From data! T T

mp — m%
? = 1"m,, - my) ‘
_5,6 bg(m, - my)

‘ITY] Tir TTY]YYTYITYTY: YT\ TYY]TY

B DY RSN R R Ve
14 0142 0144 0146 0148 015 0152 0.154

M. = My [GeVIch2)

Negative hadron = K —
(no PID likelihood used)
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armine the Pii

-

My, = Mye iGeVIt':"zl
Negative hadron
identified as ™

e mrwa wiruiruirr W NP R PEFIN EPEPEPEN
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My, - My, [GeVicA2)

Negative hadron = K —
(no PID likelihood used)
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identified as 7T /
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Negative hadron = K —
(no PID likelihood used)
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armine the Pii
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Negative hadron = K —
(no PID likelihood used)
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armine the Pii
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armine the Pii
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(m,. - my)

TR WA TR SR W VA R W .
014 0142 0144 0146 0948 015 0952 0154
my. - My, [GeVic”2]

Negative hadron
identified as 7T /

it s i B SN DA B e L'Lj
0142 0144 0146 0148 015 0152 0.154
—_ -m_ [GeVic*2]
K % ot
D Negative hadron = K —
M (no PID likelihood used)
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armine the Pii

g -
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o 0
w00’ mp — 1Mp
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0.1 . X X . mo.;mo. iGeVI;"Z] z :;{_ PK _ﬁﬁ
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' : — 2000, K—pu—
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. Mg, - My, [GeVic*2]
K . _
_ _ Negative hadron = K

(no PID likelihood used)
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Detector performance depends on
momentum and scattering angle!

Pij apfu(pae)

7 8
Ps [GeVic]

K from D* decay for pian in [1.4,1.6) and cos@a, in [0.209,0.355

no PID cut
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u,d,s.c.tau contributions

3 ¥ 5 88 383
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Published nr studied a charm enhanced
data and found charm contribute only

=> charm contribution corrected out

as dilution
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For the moment charm contribution
is not being corrected out

in any of the samples (77, 7K, KK)
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T => non-zero asymmetries,
increase with z|, z»

K => asymmetries compatible
with zero

KK => non-zero asymmetries,
increase with z,z2
similar size of pion-pion
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T => non-zero asymmetries,
increase with z|, z»

K => asymmetries compatible
with zero

KK => non-zero asymmetries,
increase with z,z2
similar size of pion-pion
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%2/ ndf 0.2489/5
- _ p0 0.007685 = 0.005708
< 0.06 ;'_ p1 0.008462 + 0.007276
o.osi— . Unlike/Like ot Belle Preliminary A Sin2 9 F H ( ) E]lJ_( )
0.04} 0= _
- 1+ cos?6 { DL }
g D (z1)Df ()
o.oz;— I : , ’ . } lL
001/ 1 — linear in sin?0/(l+cos?6),
] go to 0 for sin20/(1+cos26) >0
-o.o1;—
-0.025_
= | L | | N | L l
0 0.2 0.4 0.6 0.8
sln’e/(1+oos’e)

fit form: po + pi sin20/(|+cos?O)

p0 forced to 0
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u, d — 7 (ud, ud)
Tt T T Tt
DI =Di" =D] =D} =D~
D% = DI =DF" =DI =D

~
s — 7 (ud, ud)

D, =D =Di =Di =Df

u, d — K (uS, us)

D/*. = DET = DK~

u— K
dis _ NK- _ NnKt _ nK* _ nK- _ nK~- _ KTt
Du,d—>K_Du _Dﬂ _Dd _DJ _Dd _DJ

s — K (u8, us)

pfow _ pK- _ pKt

s—K

D%, = DET = DK~

s—K

In the end we are left with 7 possible fragmentation functions:

Dfa/v’ l)clis7 Ddis Dfav Dngl_)K’ Dfav Ddis

S—>T) u— K s— K> s— K

Assuming charm contribute
34 only as a dilution
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For pion-pion couples:

SHI® HI* 4 SH{* H** 1 2B{S: HYY,
5DifavD2 av+ 5DiiisD§‘i8+ 2Dc-lis Dais

ls—mw " 28—

%23 sin® @
DTrr x1 +C082¢0m

2
 5Df°v pdis 4 5pdis pI*v g pdis Ddis

ls—=mT " 28—

5H1fav Hgdia + 5Hiiis Héfav+ 2Hii_i:_”eri8 )

For pion-Kaon couples: ”

DTrk o1+ cos2pp-S28  x
01+ cos26

(4Hf°"H{‘}<"+ H{} (5HS* +HI )+ HYE (SHT™ + H]**)+4 HIZY HI "+ H{Y®,  (HE, i +H§§l’,x)+ HS, o (H{2®  + HES
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For Kaon-Kaon couples:
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T+eos™0 \ 4D{i® DI3+ 6D DYt +D3iY, kDSt o+ DY} i DL,
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4D! " Ddis 4 4Ddis D%V {2 Ddis Ddis y Ddis DI 1 DIV Dpdis

_AH{R" B+ AR HIRY V2B HYE + H,  HIT, o+ HIZY HEL, i )

ls—=+ K 28K ls— K 28+ K
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For pion-pion couples:

_sin?0 (SH{°"HJ°"+5H{" Hy"*+2H, H3",,
1+cos20 5Df¢WD av 4 5Ddis Dgis-i- opDdis  dis

ls—mw " 28—

DL1r1r x 1 +cos2¢g3

2
5Dfav Ddzs+ 5Ddzs Dfa‘v+ o Ddis Dd_r.@s_wr

ls—=mT " 28—

5H{®" Hy* + 5H{* HI*"+ 2H{s | HFL* )

For pion-Kaon couples:

Uzk
L sin” @
DLrx 1+ cos2pg 0Ttcos28 X

(A O g O 0 (T ) O

AD™ DJ% + Diy2 (5D§"+ D{™)+ D3if (5D{*+ DI ™) +4 DI D™+ Dfix, (Dfie, o + DI )+ DEi%, - (D1o e + DEEE
dza(5Hfav+Hd|s)+4Hfadets+4Hithfav dta(stav+H '3)+Hii::ﬂ(H£::K g;:l()-l'. (H;i;LK+ H{::K)Hg;i,,)

Ddts (5Df¢v Ddzs)+4 Dfadets+ 4DdtsD.va Ddts(stav Dd’8)+Df;L"(Dg::K+ Dd‘s—bK)+ (Ddz—>K+ D{::K)Dg;:w

For Kaon-Kaon couples:
D g'xx x 1 +cos2pg i 2 ( H;avaaerstw Hg;€+Hf;:KHg;i'K+H}f::KHfa:K
O1+cos?0 \ 4D{p¥ DS+ 6Dy Ddi+Dfis,  Dgis  + DI, DI

4Hfav Hg‘llg_'_ 4Hd28 Hfav+2Hdza dts +H1d;8_>KHfa +Hfav Hg;:]{)

ls—+ K

4D.fav Dd"’ + 4Dihf; sz{v +2Ddu Ddza +pdis pfa + Dfa‘v Ddis

ls—= K 23—»1{ ls— K 28+ K

Not so easy! A full phenomenological study needed!
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ImMmarv & C

0]0).¢

¢ ¢@oasymimetries
@

@
@

present similar features for 7z and KK couples

very small/compatible with zero for zK couples

for zz and zK the sin?6/(1+cos?’6) dependence of asymmetries are

not inconsistent with a linear dependence going to zero
K]

K show a more convoluted sin?6/(1+cos?6) dependence
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¢ ¢@oasymimetries
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present similar features for 7z and KK couples

very small/compatible with zero for zK couples

for zz and zK the sin?6/(1+cos?’6) dependence of asymmetries are

not inconsistent with a linear dependence going to zero
K]

K show a more convoluted sin?6/(1+cos?6) dependence

¢ ¢izasymmetries with Thrust axis in progress
¢ study using jet algorithm instead of Thrust in progress
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ImMmarv & C
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¢ ¢@oasymimetries
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present similar features for 7z and KK couples

very small/compatible with zero for zK couples

for zz and zK the sin?6/(1+cos?’6) dependence of asymmetries are

not inconsistent with a linear dependence going to zero
K]

K show a more convoluted sin?6/(1+cos?6) dependence

¢ ¢izasymmetries with Thrust axis in progress
¢ study using jet algorithm instead of Thrust in progress

Stay tuned!
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