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Introduction: recall the general idea

e Given a (hard) parton k=u,d,s,c,b,u,d,s,c,b,g with
energy Ex, momentum p«Zz,
and polarization Sk

we want the probability density

FE(mh, fh1 jh1 ph’ Gh’ (I)h’ éh ’ Ek’ pk, ék)

to find a hadron h in its jet with: mass mn, flavor f,
spin jn, polarization &,
momentum (PrSiNBhCOSHh, PrSINOKSINGH, PHCOSON)

e We can integrate out/sum over many of these

e Today, consider: Fp(zn, Onh, On; Pa, oY), zn=En/Eq
with pseudoscalar h = 1%, K¢, ...

and transversely polarized g=utiddss,
éq — 1/23\/




the Collins Fragmentation Function

e given a transversely polarized (light) quark gq=u,d,s,u,d,s
with energy Eq

momentum pqZ
polarization sq="2y

we can define the polarized FF

—

D3(zh, Bin:Sk) =

q g pJ—h T —> — —> —>
Dy (zn, pin)  + zhthﬂ(Zh, P1h)Sq- (PaXPLh)
for any spinless h (or unpolarized h)
where zh = En / Eq (approx.)

P1h = (PhSINBRCOSHR, PhSINOKSINGK, O)
e D is the “standard” unpolarized FF
e His the Collins FF




the Collins Fragmentation Function (cont.)

—

DA (zn, Bun: Sk) =
Dp (zn, Pun)  + zﬁ#;hHﬂT(Zh, P1h)Sq- (PgXP.h)

e Hiis the Collins FF
— could arise from a spin-orbit coupling

— leads to a cos¢n modulation

— expected to be stronger for high-z, (leading) and
high-pt particles

| . | (PRL 94, 012002)
e shown to be nonzero in semi-inclusive DIS (npPB 765, 31)

— need to measure in ete- out of fundamental interest
— ...and for the interpretation of SIDIS data

e Belle: published in 2006 (PRL 96, 232002), 2008 (PRD 78, 032011)

e Babar: preliminary results released last year
update released this summer, shown today




Quark spin in e*e- annihilations
o spln -1 v* produces spin-¥2 g and q ‘q
— In a given event: 3

the individual spin directions
are unknown

but they must be parallel

— they have a polarization g+

component transverse
to the q direction, ~sinz0

o exploit this correlation by
using similar hadrons in
opposite jets

e if g direction is known, then

do/d1dgzd... ~ (1+€0520)DriDyb + Sin26C0S(¢1+¢2)fHniHnb




Reference Frames for the Measurement
(see NPB 806, 23)

e RF12: use the thrust axis to
estimate the qq direction

— and the T-e* plane to
define ¢1, ¢2

— effect diluted by gluon
radiation, detector
resolution, ...

— sodo ~A + Bsin26003(¢1+<|>2)th1ﬁhq2

e RFO0: alternatively, just use
one track in a pair

— very clean experimentally,
iInsensitive to T

— gives quark direction for
high z> B B
— now do ~ F1(Dyh,Drb, 0) + cos(2do)F2(Hyt,Heb , 6)




Favored and Disfavored Fragmentation Functions

e define a (dis)favored particle as one that could (not)
contain the initial g or g
— U-tt, d-m, U-7T, (_j—»ﬂ:+ are favored (F)
— U-m-, d-t, U-mtt, d-7t- are disfavored (D)

e now consider Like (L) and Unlike (U) sign pairs
— U pairs can arise from FF or DD comblnatlons

[?Df:’v’-‘;t )+ (30 f igs )

— L must be from FD or DF

[:«sufav. )+ (B0

A0

e

— also consider all pairs, C=U+L




The BaBar Experiment

e e+e- collisions at Ecm=10.6 GeV: hadronic final states
uu, dd, sS, cC, Y (4S)

e Different beam energies
— Ee— =9.0 GeV it éi
— Eo+ = 3.1 GeV

— c.m.-lab boost, By=0.55

e

criEiinidiiy

Bl
o Asymmetric detector
— c.m. frame acceptance ..
-0.90 ~ cosO™ ~ 0.85 /e_’
wrt e- beam
e With excellent performance - L
. High luminosit
— good tracking, mass ; ~%68 i1 Us eSéI here
resolution <1 billion
— good v, =t recon. e+e-—Uul, dd, sS events

— full e,u,m,K,p ID




Event Selection

® Want . B so00 T T T
— unbiased uu,dd,ss sample, ..
especially for high-z s

— low track pair background . ;
—) a tWO'Jet tOpOIOgy 85055 06 065 07 075 08 08 09 0.9‘[5hrust1

Legend

Cluds
B bb
B cc
Bttt
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e require: 14
— at least 3 charged tracks %

— visible energy Evis>7 GeV ./ 2 S S
— thrust value T>0.8 UiegE L
— remove t*t- events in the ey

T-Euis plane 8 .
e efficient for: T T —T—
— sufficiently 2-jet-like events to have signal !

— cC, BB, t+t- contributions understood/measured
— still some two-prong background...
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Track (pair) Selection
e within detector acceptance: — 0.41 <0 <254 rad

o identification as m=:
— tight suppression of K, p/p

— very tight cuts against e+, u*
e max scaled energy, z<0.9, above which:
— rate of signal n* is small (see yesterday’s talk)
— rate of signal n*=n* is very small
— rate of signal wn* is zero
— but there is some background
—...and our simulation is not reliable...

e tracks must be assigned to the correct jet(!)
— challenging at low Ecwm

— z>0.15, angle wrt T axis <45
— v* transverse momentum in the x ecm frame, Qi<0.35
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Raw Azimuthal Distributions

e consider all selected U and L nir pairs
— make histograms of ¢po, = Pp1+d2 Or 2¢0

— normalize by the average, Rq = N(¢po) / <N>

e the simulation has no Collins = » smulation ;
effect, but it shows a strong b -
cos¢-like effect L b
— due to acceptance of the T T P

| - B i Bar-a .
de’[eC’[OF 0.8:— +¢iuDDDDDT¢¢ E
— depends strongly on 6 06h e

e we must understand and digr A0 <oostrl<03
correct for this 4 005dc0s6m<07
— many studies performed; 12y, ©®0:8<lcosOnl<09 +

dep on z, p, ... e
— can use only low cos0 at 0.8" e e e -
low z ... but need the 06k N

statistics at high z R ? g
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e the simulated effect is quite similar for U and L pairs
— smalll difference makes sense in terms of different
distributions of z, px

e and has opposite sign in RF12
— nice consistency check on any signal

T A . a1
Q‘ S|mulat|on el
1.05- @‘ "% - 1.05
& "-.
i .af kY . I

z S R S
o S [
0.95} j o Like sign m 0-95-_.-----@@

® Unlike sign :
O°9_II'"_l""_"""'IIII....|..||| 0-9__

e the data show a large difference that can be ascribed to
the Collins effect

— simulation quite similar for L and U sign pairs, so ...
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Double Ratios
e reduce acceptance eftects by taking the double ratios
— DUL = RY / Rk
— DUC = RY / R%

L e e L L B B 7 ol
:%N simulation i :j% data
X1 051 1 A5k —
095 + ool h
0.9_ """"""""""""""""""" | 0 9_| P ST KNS T S T NN ST S SN N S N S A N ST S ST SN SN R I_
3 2 0 1 2 3 °3 2 0 1 2 3
O +b, O +b,

e Fit to the function 1+A%-cosd. or 1+A%coSd.

— the Collins asymmetries A%’ contain the information on
the Collins effect

e subtract the fitted MC value from the data value
— note dependence on z, pt, ...
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Analysis Bins

e Collins effects are expected to depend on z1, z2, pt1, Pto
(or piw), as well as coso
— analyze in bins of these quantities

— use 6X6 t.)in.s. in (z1,22);  4x4 bins in (pt1,pt2) (9 In pto)

AL, ] 1
0.02 Ay Ay 0.02F ,uL g
2 | e o0015<z <02 | -
= - ¢ o 03 <z,<04 € - AUl m025<p, <05
> A A 04<z<05 - £ 12 405 <p,<0.75
30.01— v v 05 <z,<07 _ 20.01+ A0.75<p, -
o
% 07'<z1<0£)‘ﬂ % + + o
£ % : | E ¢o %4
D - ; ‘ - o
? T 2, o 3 4 '
@k X TN > 1 0.00Fo§o -0 & ___ T __________ -
0.00F—---¥-F-@-——|- -t —— - - -
T T T T | 7 HEEE N N [ I I | ]
0 0.2 0.4 0.6 0.8 0 02 04 06 0.8 1 1.2

Pt2 OF Pio

e the simulated A" also depend on these quantities
— must correct in each bin independently

o systematic on MC value evaluated by varying track
selection/ acceptance
— typically ~50% of correction; always << signal
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Dilution

e the measured A X are different from the true values due
to detector acceptance, resolution,

e studied using simulation reweighted to several A values
— dilution Ameas / Ainput depends on z, pt

105 E 105E A L 1T 1 1 T T ] |°| |=
1005‘“@_‘@*&*‘“W““@#‘“‘ﬁ%““—g 100_———0—6———————9————————0 ——————————— —;
& = ] e T =
E ® O 015<Z1 <02 E 80;—AU|_ b < é —;
__70F e o mo 02 <z <03 70: 12 . -
o C N — =
s F = ¢ o 03 <z <05 ] < "F 4 S TU =5 =075 § -
C 60 * o | A A 05 <Z-| <0.71 v60:_ O O.25<pt1 <0.5 _:
-_,Cg) E AUL * vV 0.7 < Z1 <0.9 E 5 - 05 < p: <0.75 -
= 50 12, a A <3 - S50k A075<p, =
E A . ()] E i ° Y .
40F - 40F ¢ r
: v v Y 3* : - e .

30E v | . SOF | | E
0 02 04 06 08 1 0 02 0.4 06 08 1

Pto OF Pyg

e small for RFO since track directions measured well
— assign no correction or error

e substantial in RF12, due to the use of the T axis
— correction from MC with its stat. error as a systematic
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Backgrounds

e the simulated sample composition includes pairs from:
— signal uds events

— BB events, small,

Legend

Entries

mostly low z E
— cC events, important ]
at medium z
— T+t~ events, 10°

important at high z

0 5 10 15 20 25 30 35

e in each bin, we will measure 2o

Ameas = F 4 Auds + FcAc + FgAB + F At
— where F; are the fractional contributions, XiFi=1

e must understand these quantities
— use MC for F; with data-MC diff in each bin as a syst

— AB must be zero: checked in low-T data: set AB=0+0
— At small in sim; checked in data: set A®=0+0
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e cC events could have nonzero A, due to prod., decay, ...
— use control samples of events containing a D* meson

— 4 complementary decay modes
— mostly cc events, some BB

e in each bin, solve  Ameas = [ 4sAuds + F.AC
AD* — fudsAUdS + chC
— again, fifrom MC;  fugs = 1-fc—f—fg; data-MC
differences takenlas a .SY.ST[e.m.e,ltiC
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e the Ac are very small
— perhaps slightly negative?
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Results: RF12 frame, A12 vs. (z1,22)

<§ _Z1=[0,15_0,2] """"" AAleL """ g_zl=[0.2-().3] """""""""""""" {z1=[03-04] T T
v A, uc BaBar preliminary
10 — T
—A-qp**+ I —r
*+++* +_'_,+|+
10%F ¥ T

z1=[0.5-0.7]

P P PR B B PR S S BN B
02 04 06 038 02 04 06 038
Z, Z

~02 04 06 08,

2 2

e very significant nonzero AUt and AYC in all bins
— strong dependence on (z1,z2), 1-39%
— AUC < AUL as expected; complementary information
— consistent with z1<z> symmetry




<C> Z1=[015_02] ........................... - Zl:[02-03] """""""""""""""""" - Zl=[03—04] -------------------

107 vAjue I BaBaxpreliminary

~ 02 04 06 08 02 04 06 08 02 04 06 08
2 2

e vVery significant nonzero AY- and AY“ 1n all bins
— strong dependence on (z1,z2), 0.5-11%
— smaller than A12; lower correlation with g direction
— AUC < AUL consistent with z1<z2 symmetry
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Results: A vs. (pt1,pt2) ; Ao VS. pio
«0.19P =[0.-0.25] f—— H{p,=[0.25-0.5]}———rrrrr _
< s Apy | © BaBar preliminary -
v A o :
005 12,UC * : —
| ] ——_I_ ]
*j —j—j00.04_"'|"'I"'l"'|"'|"'|"'|'_
I | —_— 1< A BaBar preliminary 1
Ob v e b 0‘03__ Y AO,UC E
0 o% Q80 02 04 o.% ) 28 i) ook __q |
«0.1fp =[0.5-0.75]f————T—— {p =>0.75] : i _—— :
< | [ 1001 T e e
1L ] —— i
005 = e 0p[-¢ ***** R
e 1 F ; 0 02 04 06 08 1 12 14
F NIl ERETARETISRTRRR IO,
p,, (GeV/c) p_ (GeV/c)
e nonzero AUl and AYC all but the lowest p: bins
— only modest dependence on (pt1,pi2), 1-2%/2.5-6.5%

— AUC < AUL| consistent with pi1<>pi2 symmetry
— Ao < A1, but interesting structure in px




ReSUItS A12 VS. Bthrust; Ao VS. B2
in RF12 frame, vs. Binmst; expect Ilnearlty in

sm26/(1+00326) 1 0.05p—————————— T
— both AYC and AUL < 00 ;_ :AZEE BaBar preliminary # —i
consistent with 0.03F | a =
linearity 009k b4 F E
: TE e ]
— ...and with zero 001E ® g E
Intercept N i <N -

0 0.8 |
sin’0), /(1+cos°0,, )

iIn RFO frame, vs. B2, unclear what to expect

— linear fits are ok _p004~———— R —
. Ay BaBar preltmmary ]
— Intercept not 0.03F v Agyc -
consistent with 0 3 " e
— probably not : e e :
surprising; nota 001 g e g T
good measureof o e

-]

the g direction

08 1
sin282/(1+c03262)
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Summary

e BaBar has measured Collins asymmetries for charged
pion pairs in e*e- — uu .dd,ss = X

— |n two distinct reference frames RFi2 RFo
— vs. it scaled energies 21,22 Z1,Z2
— vS. it transverse momenta Pt1,Pr2 Pto
— vs. polar angle Othrust 02

e A1z, Ap increase with increasing z1, z»
— consistent with expectations

— consistent with Belle results
— effect is stronger in leading particles

e A12 (Ag) increases with increasing pt, pt2 (Pto)
— first measurement

— consistent with, useful for refining expectations

e A12 (Ao) increases linearly with sin20/(1+cos26)
— as (might be) expected
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