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left-right
quark asymmetry

9

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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ete — — hi ho X
149 L7 h=m K
¢;+¢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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¢;+¢d, method:

hadron azimuthal angles with respect
to the qq axis proxy

D. Boer
Nucl.Phys.B806:23,2009
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¢o method:

hadron | azimuthal angle with respect
to hadron 2
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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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Like-sign couples
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Like-sign couples ®
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hadron azimuthal angles with respect hadron | azimuthal angle with respect
to the gqq axis proxy to hadron 2
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But! Acceptance and radiation
effects also contribute to azimuthal
asymmetries!
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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
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Unlike-sign couples / All charges

Diihs = RY/RC




Q;+d; method

sin“ 01 f[l] 21 _1“ 0 ﬁL
UNMlQ(l 1+00892 HT\€OS(¢1+¢2) Dy Emiggo](zz) Mo+ 1785?3082292 - 2¢):[ 1 2))D
hih U L hih U C
phih: = RU /R phih: — RU /R
Bi2(1 4+ Ajz cos(¢1 + ¢2)) Bo(1+ Agcos(2¢g)) E[
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Q;+d; method

sin” O i f[l] 2
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A111C111d d

. Eh hadron energy fraction PT component of hadron momentum transverse
Z — Ep with respect to Parton to reference direction
21, Za |. p1+¢@2 method: the thrust axis pr1, P12
2. o method: hadron 2 |pro
(T component of virtual photon momentum
transverse to the hihy axis in the frame
where h| and h; are back-to-back

y 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 I .25 |.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
Francesca Giordano 10




Belle publications

PRL 96,232002, (2006)
PRD 78,032011 (2008)

¢;+¢> method ¢, method

r ] r -
e = - - =
< 02 - 0.2<2,<0.3 | 0.3<2,<0.5 02 - 0.2<z,<0.3 | 03<z,<05
3 .AUL B p .Au v
0.15 - 0.15 _
- .Auc = o -Am v
0.1 - — 0.1 - =
- - A - - A
0-05 - F' Y . ™ A . 0-05 = A ™ A
- A la - A . A
0 Fhmo . . . IR . . 0 - L T LI A I TONN IS - I
L — N _——mt - L
-o.os B 2 I a4 l 1 2 4 l A 4 1 l 1 B 1 2 1 l 2 1 2 l 1 2 2 l 2 4.05 B i s ' l L i L l 1 L A l 'l 5 1 ' 1 l ' L L l L ks 1 l i
N - v y '
{ 0.2 - 0.5<2,<0.7 0.7z + 0.2 0.5<z,<0.7 0.7z
0.15 - 0.15 - }
- A A i P~ . -
001 - — - 0.1 p— -
- ) ‘ - = ‘
A
0.05 - . = 0.05 - A - 4
i A - ! . L A A o A . u
P ST S | . . 0 LEomo S e
———————— ———— ]
_— -_—
-o.os -A A A l A A A l A A A l A B A A A l A A A l A A A l A 4.05 —A A A l A A A l A A A l A -l A A l A A A l L A ' l '
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 04 0.6 0.8 0.2 04 0.6 0.8
PRD 78, 032011 (2008) % Z PRD 78,032011 (2008) 2 Z

Francesca Giordano Il


http://link.aps.org/abstract/PRD/v78/e032011
http://link.aps.org/abstract/PRD/v78/e032011
http://link.aps.org/abstract/PRD/v78/e032011
http://link.aps.org/abstract/PRD/v78/e032011
http://link.aps.org/abstract/PRL/v96/e232002
http://link.aps.org/abstract/PRL/v96/e232002

[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]
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[Airapetian et al., Phys. Lett. B 693 (2010) 11-16]

Francesca Giord

L1 L

Deuterium

4 | 4 .

J

Angelmino et al.
Phys.Rev.D75 (2007)

A .
o transversity

—

>

T o=
b H #
q

x 0.9

0.2

02 04 06 08 1

Aur x h1 @ H

-A"D_(2)20,_,(2) A“D, (22D, (2)

1L
1




[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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z qr sin?6/(1+cos?6) pT
ZZT _ RUTK‘T&'/RLTFT&' \/ \/ \/ New!
Dul — RUWk/RLWk New! New! New! New!
D} = RYFF JRERE New! New! New! | New!
z qr sin?6/(1+cos?6) pT
DZ? _ RUT&'T&'/RCTFTF \/ \/ \/ New!
DIt = RYTE JRETE New! New! New! New!
Dk — RUKK JRCKE New! New! New! New!

Francesca Giordano 14



T Umnm L
ul R /R

DZlk _ RUﬂ‘k/RLﬂ'k
Dkk RUkk/Rka

ul —

DZ? _ RUT&'T&'/RCTFTF
Dﬂ'k _ RUW]C/RCWK
Dkk _ RUkk/RCkk

I\ N3

1CV

z 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 kinematic cuts and
binning are optimized for kaons, and the same values used for pion too.

rr results cannot be compared directly to

-—)
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Thrust axis

sin? O HiL[l](Zl)HlJ_[l](Zg)
2g, 5O T 2= G
1 + cos? 01 Dy (21) D77 (22)

O'N./\/l12(1‘|—
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Thrust axis

sin? O H MG M (29)
29 COS(¢1 + ¢2) [0] = 0]
1 + cos? 01 Dy (21) D77 (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

Technically more complicated: require the
determination of a qq proxy (Thrust axis)
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Thrust axis
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Both interesting: different integration of FFs in pr,

might provide information on the Collins pr
dependence

Technically more complicated: require the
determination of a qq proxy (Thrust axis)
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Nj,’l“a/w _ PZJNZ
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Perfect PID = j =1

e(m) 2 90% &(K) = 85%
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77/ Pij =

%‘@MaK?p
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From data)! \ t T T

slow fast
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Detector performance depends on
momentum and scattering angle!
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u,d,s,c tau contributions

1A

IAI |

-
o

: 02<2,<025 Like-sign KK 025<2,<03

0

v ® uds

0 o © cham 5 . .

50 ® botiom ° e
Wi L] ® L ] o

0

2

03=2z,<042

B 88 88 34 8 8

.
o=

Francesca Giordano

B

[

A

u,d,s,ctau contributions

0.252,<0.25 Unlike-sign KK " 0.25%2,<0.3
® uds :
° © charm g a °
® bottom ¢ |l
L ] = o
. ® tau e
i 1 1 1 - -,_.. Lo g 8 Il Il
:0.42‘:.<1
L o s . 2 )
1 L L A 2 al a bl
) Y R T T 62 ¥ 083 0 Y YT
22




.
A ~

ACNEANE0I0

2
B

€
8
=)
=
©
@
°
=)

00
w0
L)
n
60
50
@
X
20
10

025<2,<03

o

28 B8 28 3 B B E

Francesca Giordano

KK couples

For the moment charm contribution

is not being corrected out

in any of the samples (77, 7K, KK)
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-...l....l....l....l....l....l....l....l... -...l....l....l....l....l....l....l....l... KK _> non-ZerO asymmetrles’
0.06- - increase with z;,z;

| 03<2,<0.42 | 04252 <1 similar size of pion-pion
0.04 - HH
0.02}- [ﬂ@ - m

L3 @ E i g 7 ]

(| R TR z S | T R e
-0.02}- -
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< 0.06F - UnlikelLike x Belle Preliminary
0.05 E_ +  Unlike/Like nK -
C + Unlike/Like KK
0.04— - }
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0.02 H ﬁ
0.01F ¥ I : I
P . f
of-§--f---2-- AL g.. o]
-0.01—
-0.02—
: 1 1 A l 1 1 l 1 1 1 l 1 1 l 1 1 1 l 1 A 1 l 1 1 1
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P,, (GeV)
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T => non-zero asymmetries,
increase with z|, z»

K => asymmetries compatible
with zero

KK => non-zero asymmetries,
increase with z;,z;
similar size of pion-pion




/L /1 S

2/ ndf 0.2489/5
L p0 0.007685 = 0.005708
<0.06 p1 0.008462 + 0.007276
0.05;— . Unlike/Like ot Belle Preliminary A Sin2 0 F H ( )ﬁlj_( )
o.mi— 0 — 2 [ NH-L ]
0.03F- 1_|_COS 9 ( )Dl ( )
0.025— )d
- I L 3 . . . . .
0.01;- } — o linear in sin?0/(l+cos?6),
] go to 0 for sin20/(1+cos26) >0
-o.o1;—
0.02F
= 1 L | | N | L l
0 0.2 0.4 0.6 0.8
sln’e/('l-o-oosze)

fit form: po + pi sin20/(|+cos?O)
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/L /1 S

%2/ ndt 0.2489/5
. PO 0.007685 : 0.005708
< 0.06/ p1 0.008462 = 0.007276
S Belle Prelimi - 2 ']
oonl .+ Unikokess e Preliminary 4 sin®f oL Hi(21) Hi-(22)
0.04 0 — =
: 1+ cos? 6 D
D (z1)Df ()
0.02;— I : r . L
0.01;- 1 = linear in sin?0/(l+cos?6),
] go to 0 for sin20/(1+cos26) >0
-0.011-
0.02F
- , ,, , N ¥2/ ndf 2.061/6
0 0.2 0.4 0.6 0.8 _ 1 0.01811= 0.001255
sln’e/('l-o-oosze) = e — =
o.os?— . Unlike/Like Belle Preliminary
0.04
: 0.03F
fit form: po + pi sin26/(l+cos?O) 3
0.02 1
= l i - T t 1
0.01:'_ - 4
O~ - ===
0,01}
002 p0 forced to 0
7 S T S— T 1

. slnzel(1+eosze)
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A <19

%2/ ndf 1.217/5
N po 0.006932 + 0.006626
<0.06 p1 -0.005329 + 0.009443 B
0.08 . Unlike/Like =K Belle Preliminary A Sin2 O - {H ( )HlJ—( )}
0 — =
004 1 4 cos? 6 L(21) D7 (22)
0.03
0.02 l
0.01 [ . linear in sin?0/(l+cos?6),
T — I 1
o B R S =F=— go to 0 for sin20/(1+cos26) >0
-0.01
-0.02
0 0.2 04 06 08 1 x*/ ndf vk
o.osé— . Unlike/Like <K Belle Preliminary
o.o4§—
fit form: po + pi sin?6/(|+cos?6) 0.03F
0.02;— l
o.o1;— l : ! [ 1
D=~~~ ~rnenne s SRS = g Foeepeed-ck---
-0.012—
0.02--p0 forced to 0
I Y S ¥ S T S—Y N 20,(; .
sin“6/(1+cos’0)
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w2/ ndf 6.038/5
po -0.01511 = 0.00517
pt 0.03469 + 0.007789

Belle Preliminary

l

--------------------------

* Unlike/Like KK

0.01

-0.01
-0.02

RPN e e vy enrryprrrrypreereyee
AR AR LR LR RRRR BRI RN LA

gp

1
sin‘/(1+cos’0)

fit form: po + pi sin20/(|+cos?O)
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sin? 0

Ay =

H()ﬁ
e Di(21)D

linear in sin?0/(l+cos?6),
go to 0 for sin?6/(1+cos?6) >0

1 + cos? 6

x2 / ndf 14.58/6
p1 0.01344 + 0.002788

< 0.06

Belle Preliminary

00sE- * Unlike/Like KK

0.04
0.03
0.02

0.01

-0.01

lIlll]lllIllIlll]lllllllll]lllllllllllllll!l
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p0 forced to 0
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u, d — 7 (ud, ud)

7r+ ™ T 7T+
dis __ T ot _ at _ T
S — T (uJ, ud)

D, =D =Di =Di =Df

u, d — K (uS, us)

D/*. = DET = DK~

u— K

dis _ pKk- _ pKkt _ pkt _ pk- _ pk- _ pk*
Dyasx =Dy =Dz =Dy =Dy =Dy =D

s — K (u8, us)

DI*. = DK™ = DKV

s—K

D%, = DET = DK~

s—K

In the end we are left with 7 possible fragmentation functions:
s—=m) T u— K s—K» T s—K

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

Assuming charm contribute
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For pion-pion couples:

siI s sie e ot it
SD{‘W D2 av 5D¢;1is Dgis-i- 2D¢-iis Dc-iis

ls—mw " 28—

Unn sin” @
DTrr x1 +C082¢0m(

ls—smw’ 2s—>m

_ 5D1f‘1‘v Dgis + 5D¢11i8 D2fa‘0+ 2Ddis Ddis

ls—=m " 28—

SH{G‘U Hgdis + SHJ:iis Héfav 4+ 2Hdi8 Hdis )

For pion-Kaon couples: ”

—nK . 2
L sin“ 6
DLzk o 1+ 08200 11 cos75 X

(4H{ UHIY + HiE (5HS +H )+ HEiE GH{™ + HI*V)+a HIZY HI®V + H{E, (HSE, o+ HIZY )+ HEE,  (HI®  + HiE,
4D{** D% 4 Ddis(5D¢**+ D} ")+ Ddis (5D¢*+D{**)+4 DI &Y DIV + Ddis (Ddis  +DI% )+ Dgdis (D%  + Ddis

ls—r

s— K 28— 28— ls— s K

— ls—

Dgi}.:(5D{av+D¢Iiis)+4 D.lf't;(ngis_*_ 4D‘l’i3D£;v+ D;i;’g(sD.zfav_*_Dgis)_*_Dcliis (Dfav K+ Ddis K)+ (Ddis K+ Dfav K)Ddis

28—

G AL A B OB ) L G o A ) (1 B2 O

S—T 28— 25— ls— ls—

For Kaon-Kaon couples:

D g'xx x1 +cos2¢o-Sn9 ( 4H}ff§v i O M o Mo rc H;F:iKHg’g&
I+cos®0 \ 4DJe¥ DIG+ 6Dz Ddiz+ D Ddis  + DI DI

ls—+ K

4D12v Ddis 4 4pdis pIav yopdis pdis pdis  plev 4 plev  pdis

_AB{RY HY+ AH{E HIRY +2H{GE HERE +HIL®, e HY o+ HY H;'::K)

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

ls—n""2s8s—m

5D] %" D)+ 5Dgis Ddist 2Dgis | Ddis

ls—mw " 28—

U . 2
DTrr x1 +cos2py-S09

(sHifa'v Hfav+ stis Hgis_l_ 2Hdis Hdis
+cos26 : d

ls—smw’ 2s—>m

_ 5D1f‘1‘v Dgis + 5D¢11i8 D2fa‘0+ 2Ddis Ddis

ls—=m " 28—

SH{G‘U Hgdis + SHJ:iis Héfav 4+ 2Hdi8 Hdis )

For pion-Kaon couples:

Uzk . 2
L sin“ 6
DLzk o 1+ 08200 11 cos75 X

(4H{°”H£("+ H{E (5HE™ +Hy ™)+ H3ie (SH{™ + H{ ")+ 4 Hg" H)*" + Y%,  (HE% e +H ' g )+ HE, o (HY o+ HE?, i
4D{** D]+ D{}¢ (5D5**+D]*")+ D3¢ (5D{**+D{**)+4 D{E" D} ** + D12, [ (Dg3?, jo+D37", 1)+ D532, (DI, o+ D2,
H'¢ (SH] " +H{**)+4 H] {0 H™ + AH{* HIZ" + H{R (SH]™ + HY*)+ H{®,  (HI  + H532, o)+ (HE2, o+ HIZY HE, )
D'z (5D{*"+D{**)+4 D] D§**+4D{** DI 3"+ D{j2 (5D]**+Dg**)+D{i*, (D]2", , + D3i*, )+ (Dfi2, + DII% )Dgie,
For Kaon-Kaon couples:
U o o - -
DTk <1 +cos2¢328 ( 4H}ff§v S H;F:iKH?":"&m
av av di di di di av av
1+cos 0 4DIK D2 K + 6D1?D2?+DI;:KD2;:K+ Dls—rK D2s—»K

ls—+ K

4D12v Ddis 4 4pdis pIav yopdis pdis pdis  plev 4 plev  pdis

_AB{RY HY+ AH{E HIRY +2H{GE HERE +HIL®, e HY o+ HY H;'::K)

2 ls—=+ K 28K ls— K 28+ K

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

¢ @oasymmetries

¢ present similar features for zz and K
¢ very small/compatible with zero for 7K couples

K couples

0]0).¢

¢ for nz and zK the sin’6O/(1+cos?60) dependence of asymmetries are

not inconsistent with a linear dependence going to zero
¢ KK show a more convoluted sin?6/(|+cos?6) dependence
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¢ very small/compatible with zero for 7K couples

K couples

0]0).¢

¢ for nz and zK the sin’6O/(1+cos?60) dependence of asymmetries are

not inconsistent with a linear dependence going to zero
¢ KK show a more convoluted sin?6/(|+cos?6) dependence

¢ ¢izasymmetries with Thrust axis in progress

¢ study using jet algorithm instead of Thrust in progress
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Immarv & C

¢ @oasymmetries

¢ present similar features for z7 and KK couples

¢ very small/compatible with zero for 7K couples

0]0).¢

¢ for nz and zK the sin’6O/(1+cos?60) dependence of asymmetries are

not inconsistent with a linear dependence going to zero
¢ KK show a more convoluted sin?6/(|+cos?6) dependence

¢ ¢izasymmetries with Thrust axis in progress

¢ study using jet algorithm instead of Thrust in progress

Francesca Giordano

Stay tuned!
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o -
< L ¢ UnNk/Allns Belle Preliminary
0.03— * Unlike/All zK
- Unlike/All KK
0.02— :
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— More @o asvmmetries
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0.01
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¢  Unlike/Like rtx
*  Unlike/Like K
*  Unlike/Like KK

Belle Preliminary
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¢  Unlike/All zx
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