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CLEO-c Data Sample .-

" @ D Thresho
for Charmonium Program ... @=) ="
’?é SD 1 xz
h, P
818/pb at w(3770) % 3500(— — X,
(mostly open charm-- see talks by 2 =
= 0
Peter Zweber (today) and RoyBriere (Friday)), @ 3300|—
and s
JIp’s.
3100— 1
ﬂc
54/pb at y(2S) > 27 M y(2S) e
2900—
(largest pre-BESIII world supply) Study ot T o2
- Decays of states (hadronic & radiative)
In praise of y(2S): - Transitions between states

- Spectrum of states
B(y(2S) = vyx,,) =~ 9% for each of J=0,1,2
Overarching theme: Use charmonium
as a laboratory to test

Clean, tagged, abundant y_,, JAy (and h)! - quarkonium potential models
- QCD, pQCD, NRQCD, LQCD

B(w(2S) » n'n J/y) = 35% (e~75%)
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- Two-body decays are theoretically “clean”:
- probe role of the color octet mechanism
- probe gluon content of final state mesons
- Results for two-body baryonic decays
have also recently been published:
CLEO PRD 78, 031101(R) (2008)

BF or 90% CL UL (10%)

Mode Xel Xe2
mta™ This Work 6.37 £ 0.08 £0.29 £ 0.32 1.59 £ 0.04 £ 0.07 £ 0.10
PDG [5] 4.87 £ 0.40 1.42 +0.16
070 This Work 2944+ 007 +£0.32+0.15 0.68 +0.03 + 0.07 £ 0.04
PDG 2.43 4+ .20 0.71 £ 0.08
KtK~ This Work 6.47 +0.08 + 0.33 4 0.32 1.13 +£0.03 + 0.06 + 0.07
PDG 55+£06 0.78 £0.14
Pfg-ffg This Work  3.49 £ 0.08 £ 0.17 £ 0.17 0.563 £0.03 £ 0.03 £ 0.03
PDG 27741034 0.68 £0.11
nm This Work  3.18 £0.13 +0.31 + 0.16 0.51 £ 0.05 + 0.05 £ 0.03
PDG 24404 < 0.5
' This Work < 0.25 < 0.06
(0.16 £ 0.06 £ 0.01 £0.01) (0.013 £ 0.031 £ 0.001 £+ 0.001)
PDG < 0.5 < 0.26
0y This Work 2,12 £0.13 +0.18 +0.11 < 0.10
(0.056 £ 0.032 £ 0.005 £ 0.003)
PDG 1.7+04 < 0.4

CLEO PRD 79, 072007 (2009)
Substantial improvement over current world averages in some channels!

Carnegie Mellon
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Example: Xc— N

Measured BRs constrain ratio of Double-OZI to Single-OZI amplitudes

q1 q1
—
e . ¢ 5 ds d.
I1AX22R]
J /w ] /‘I’ Xco,2 Xco,2
TYyvyy q3 q3
_, roronponl . ] q ; i q
f, (ss) f, (nn) i 4 5 .
a

Theory: Close & Zhao, PRD 71, 094022, factorization a la Zhao, PRD 72, 074001; PLB 659, 221

-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
r r

Data suggest small (if any) contribution of DOZI decays in 0+ channel.
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Evidence for Hadronic Decay of the h_

The only previously observed decay:
P(2S)—>1he) X B(he—yne) ;

product BF: (4.2 + 0.6) x 10*

(CLEO PRL 101, 182003 (2008))

(Our recent precision mass measurement

finds HF splitting <1 MeV for 1P states)

Godfrey & Rosner predict 56.8% direct

hadronic decay (PRD 66, 014012 (2002))

Expect odd number of pions
(negative G parity)

Measure B(y(2S)—1°h:) x B(hc—X)
X =n(mrm) ° (n=1,2,3):

Mode | Product BF (107)
T T <0.2
2(Tr* 1) TU° 1.9+05+04
3(tr+ ) T <24

PhiPsi09

CLEO PRD 80, 051106(R) (2009)

150 1 T T T T T T T T T T
> 40 |
significance
(I

100 ~|j ‘

50 l—

0l T |

3.43 3.45 3.47 3.49 3.51 3.53 3.8

2(Tero) 10 Invariant Mass (GeV/c?)
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Radiative Decays and Transitions

3900—
e run CESR here B
& 3500
)3
Z
3300
:
.
3100
2900
J
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B(W(25)—vg9) / B(Y(25)—9g9)

Rough expectation for ratio of rates: ,CLEO T

- — Inclusive Photon Spectrum
10° Pt =
E e 1 daughters =
Lp’ L, — y(25) daughters 5
i - i
o qgaEM/as [ I + ...] 1DG ; E e -'-.,___Llj Final State Radiation g

Experimental challenge: subtracting backgrounds

=
=
T

-
o
[
T

Monte Cardo Events

® utilize three separate techniques; dominant
systematic error

-
o
[+
T

Measure Y’ —Ygg, subtract all other known 10’
decays and transitions (87%), infer Y’ —ggg B

[ [ [ | 1 1 1 I
1 ' '
0.20 0.40 0.60 0.80 1.00

State B(X ~vgg) / B(X ~ggg)
J 0.137 £ 0.001 £ 0.016 CLEO PRD 78, 032012 (2008)

Y(2S) 0.091 + 0.003 + 0.027<4—CLEO PRD 80, 072002 (2009)

Y(1S) 0.027 + 0.001 + 0.003

Y(2S) 0.032 + 0.001 + 0.005 CLEO PRD 74, 012003 (2006)

Y(3S) 0.027 + 0.001 + 0.005

PhiPsi09  H. Vogel, Carnegie Mellon 8
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JAD(2S) — Y ne

Three Measurements of M| Transitions:

A. B(Y(25)—yno) = (4.3240.1610.60)% 1073 from inclusive n. decays.
B. B(J/W—yno) / B(Y(2S)—yn) using exclusive n. decays.

C. B(J/@—vync) = (1.98+0.09+0.30)% taking AxB.

c
T

:

B(J/Y—yne)

:

gl e Lopeny g b e e ]y
0.40 0.60 (080 1.00

Photon Energy (GeV)

Recent Lattice QCD Results (Dudek et al, PRD 73, 07450(2006))
predict ['ync = (2.0£0.1£0.4) keV
= B(/y—yn) = (2.1£0.1+£0.4)%

One “surprise” was the non-trivial line-shape of the n..

CLEO PRL 102, 0711801 (2009)

PhiPsi09  H. Vogel, Carnegie Mellon



The nc Lineshape

Asymmetric lineshape is expected:

WEIGHTED AVERAGE
2980.341.2 (Error scaled by 1.7) PDG 2008 A .3 L5 P 2
| Ne(1S) Mass Tassi—nisey = 3 @ eﬁgé ][; dr 2 Ryuo(r) Ruolr) jﬂ( : )
II||.I . o i SR c.f: Brambilla et al,
YY or pp production % Jolleyr/2) = 1= (kyr)”/24+.... PRD 73, 054005 (2006)
- UEHARA 08 BEtL 4.7 5
ABE a7 BELL ! :
: o EE R s iy g
ASNER 04 CLEO 08 [(J/p— n=n'] « E?
~+ 'AUBERT 04D BABR 24 W) (W= ] eiby
LIJ(| - AMBROGIANI 03  EB35 2.7
-~ BAI 03 BES 82
| FaNG 03 BELL 0.1 ...but these factors cause
- BAl 00F BES 23 ; i ;
P BAl S0B MRBK3 4.0
N R total width to diverge at high Ey
\ 28.0
3 % (Confidence Level = f}.noz}
= | | .
SH5y  ZBEh.  BaT0. \Bdi 2960 Aoce. Boui Understanding the energy dependence of the
1o(15) mass (MeV) * GAISER86 accounts for Ey dependence P(1S,2S)—ync matrix element is crfm_al for an
accurate mass measurement from radiative decays.
CLEO fit values
with and without Nc mass uncertainty drives experimental
E/ factor error on charmonium S hyperfine splitting.

PhiPsi09  H. Vogel, Carnegie Mellon 10



e E, =48 MeV -- inclusive analysis
too difficult; instead search for--

e Y(25)—yn; ne—X

e Y(25)—-YNe; Ne—=TMMe; Ne—X

e (Calibrate analysis on P(2S)—yXe2

Events / 4 MeV

e Using known B(n/—KKtr) and nc
branching fractions, can set 90%
C.L. limits

Events / 4 MeV

e Scaling from JAp—yn: one expects 8
B(Y(2S)—ync') =4 x 10+ of +i“+ +
Results (CLEO arXiv:0910.1234,; subm. to PRD): 2} ' il
B(ll)(ZS) —YNe ) < 7.4x10* gﬂal | IG_IDcll ﬁ.lcrlsl 006 m_lﬂr Ir:émé nlﬂlg
Ey (GeV)

B(w(2S) ->yn:’) x B(n' - i) < 1.4x104

PhiPsi09  H. Vogel, Carnegie Mellon
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JA,P(2S)—y(TTn,n)

YN

JID P(2S) mode
|  (dominating
QED bgd Y
in yy mode)
Mode This result (10™%) I 'ZSfGiZTD;
I/t —m®  0.363 £ 0.036 £ 0.013 TR N
— 11.01 =+ 0.29 + 0.22 L Il |1 3m°
sy’ 524+12+1.1 T ]
?,[')(28)—?"\/71'0 < 0.07 ;}:::.|.:::} ....
— < 0.02 3 | 1] .
Y 1.19 + 0.08 + 0.03 L w | ’ 1 e
o _ B(ns) - T
n — :
B(y(nS) —n') : h M |y
Results: Nl N
0.4 0.5 0.6
Mass (GeV)

Ri = (21.1+0.9)%

Ry < 1.8% at 90% C.L.

PhiPsi09

consistent with known n—n' mixing

surprise: R1, R2 expected to be about equal!
CLEO PRD 79, 111101(R) (2009)

H. Vogel, Carnegie Mellon 12



Look for: $oF - M@TTp PERCE
VRS)>YiowXes i | DR
XCJ_)Y(h|gh)(p ’ W ,d)) i%\ 0570708 M?ﬁ*rjzl){[GGe\}f:j]h Ta w.shz.o% +_
M) )
Significant signals 21 |}i| | P | Y
observed in: e ***NE SNTURYRETE 15
M(rtra?) [GeV/c?] (C) -
Xc1—YP 1. cut on hadronic mass/i Y
Xc1—YW 2. look at low-E photon 1 A /1N | -
{()).08 D.I13 D.I18 0.23 0.28 0.33
CLEO PRL 101, 151801 (2008) E(y,) [GeV]
Mode B x 10° U.L. [107°] pQCD [107°]
X0 — YP° <96 19 Expect process to be analogous to that of
i; - Lf;g Qifi;)ﬂill%i” e 411 glueball production, e.g., in JAp—Yf,
Xeo — YW Y <88 0.13 | |
Xel = Yw 83 +£15+12 1.6 pQCD predicts rates an order of magnitude
Xc2 — 'yc; < 2-2 8-22 lower than observed! (Gao, Zhang, Chao,
Xco =7 <O - Chin.Phys.Lett. 23, 2376 (2006)
o1 — 128 £7.6+1.5 26 3.6 . T
i; - Zz 2 13 11 [arXiv:hep-ph/0607278])

PhiPsi09  H. Vogel, Carnegie Mellon 13



Xcd =YY

300 . T T
Two-photon widths of X< probe P(2S) — VX X — YY
relativistic and radiative corrections :
known to be significant in charmonium.

3850208-001
T

200

Results:
rYY(XCZ) - 0.66 + 0.07stat + 0.04syst + 0.0SPDG keV
ryy(XcO) - 236 + O.355tat + 01 1syst + 01 9PDG keV

Ratio = 0.278 + 0.050stat £ 0.018syst £ 0.03 106 70 0 20 —
E (v;) (MeV)

Eventis / 5 MeV
S

In pQCD, uncertainties due to quark mass and wave function cancel,
making the ratio of widths, A, a key quantity. To first order in o :

= "(OV2cx 2/ 4 )
o= Twxa) = 4(¥(O)Po?md) x [1 - 1.700s +..] _ R < L 1
Myy(Xeo) = 15(1Y(0)[20te?/mé) x [| + 0.06s + ...]

New world avg.: R =0.22 £0.03
higher order corrections very significant

prediction:
os = 0.32—R=0.12

CLEO PRD 78, 091501 (2008)

PhiPsi09  H. Vogel, Carnegie Mellon 14



Jhy - 3y

This is the quarkonium analogue  °*°[| 7
of ortho-positronium decay. I [
No 3y decay of a meson has .

been observed before.

Tag via y(2S) » ' J/y = i
(eliminates QED background!) = ¥

Veto resonances °, m, ', M,

Main remaining background:

Jhy = yr°n°

25| :
S 2 s
8 MC yrommm, C vt (1270)
"F__"'ES-D ::.:-FI 4 L e i =
2 ol
= : |
I
2.0} ~
MC 4.,
00 05 10 1500 05 10 15
M (yy),.(GeV)
. — 1 Dam
= 10} " 5
0o
2 M
R BRI RN

3.00

PhiPsi09  H. Vogel, Carnegie Mellon

3.056 3.10 3.15 3.20
M (n* - recoil) (GeV)
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Jhy > 3y

Perform kinematicfit, e
Signal peaks at low yx2/dof |« plegionusedto .
Background rises away from zero [V | it RTT
(and is independent of n°n° substructure!) I i l H ! *.
Result (CLEO PAL 101, 101801 (2008)): ;I fvﬁh \ J'H—r* H‘
B=(1.2%0.3+0.2) x10° (60) | H }

First observed 3y decay of any meson!

: k
qr bac ground«1

— ; H

Hl |H M
T,

0 5 10 15 20 2
yiidof
PhiPsi09  H. Vogel, Carnegie Mellon 16
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Theory: in QED, B(3y)/B(3g)~(a/a,)?

and B(3y)~(o/14)B, ~3 x10°

But NLO QCD corrections give negative rate!
(Higher order corrections very significant)

Events/Unit of (y/dof) =

As “byproduct” we obtain upper limit on ne—vyy : | Hi I‘

5 -

B(n—Yy) < 3x10* (90% CL), PDG: (2.7+0.9)x10



Higher Multipoles in Radiative Transitions

hot off the press! (arXiv:0910.0046 (2009)

B 1 Transitions @' — Yxes — Yy S/
) —— 2 M(D) | dominantly electric dipole (E1)
5 wan e " 1 Higher multipoles allowed:
3.6/~ ¢ N e __1“""4-%--1.___%__ -1 M2 for J, =1; M2 and E3 for J, = 2;
£ . H-H“‘Hn_h xcz _‘_ i X .
’ h, —\—\{ j s "~ 1 No E3 for § — P single-quark trans.
= B i
< \ A . |
gl Xeo—=—" | Angular distributions of photons
> Mt L g s ;
- P47 | are sensitive to higher multipoles
S i i
%3 . /,///.»/ 1 M2 transition measures charmed
2 s e _
=" Jhy § %: { quark's total magnetic moment
i | Provides a check of measurements in
3'0__—719 ] M1 transitions such as .J /1" — 1),
_JPC:_ 0—+ e 1+ = 0++ 1++ 2++_
- g Long-standing discrepancy between theory
. L=0 0 1 1 1 1 } i |
28 and several previous experiments!

PhiPsi09  H. Vogel, Carnegie Mellon 17



Higher Multipoles, cont'd.

Reaction e"e™ — ¢ — ¥ xer — Yyt — o' y&T€ (£ =€ or p)

Y S/

frame

Sy Y frame 1Y X frame  zpy

¢+

>y

!

Primed angles: initial lepton pair orientation relative to v/ in "' — ~'x .

Unprimed angles: final lepton pair orientation relative to v in x .7 — v.J/¢
Angle 6., between v and ' in x.; rest frame
Angular dist. W(cos @', @', cosl.. ., cos, &) depends on helicity amps. B/ or A,:
P (A) — A (") + x (') (helicity amps. B/)
x () — v(p) + J/(A) (helicity amps. 4,)
PhiPsi09  H. Vogel, Carnegie Mellon 18



Higher Multipoles, cont'd.

= 0 to ones with . v’ >0

Parity relates amplitudes for v, V' <
-_"'r\.

Transform between normalized helicity amps. A (or B) and multipole amps. a’;}

1.
5
1 — A L
2 V2 .
; 5 L 2
AJ=2 10 \/; \/; gl
.IZQ ;=
‘.1—11 == i \/1 fr==x] i ai‘f 2
10 G 15
A T=2 IR
A5 \/E .t 1 3
5 3 15

M2 amplitudes related to anomalous moment . of charm quark (potl. indep.!)

Jig M2 E, ..
{-.{-.2 = - _ =i {:J- = 'H:’C-)
Vv iE12 + Af22 41,
J=2 M2 3 B,
. = . == (1 + K.):
VE12 + M22 + E32 V5 4m,
similarly for b amplitudes with sign change, £, — E./. These follow from
Hfy = — = At oig g /I*) — ua - H* + (spin — orbit term)
P
g, = %|r ;= (ee/2m) (1 + Ke); A* and H* =V x A~ refer to emitted photon
19

PhiPsi09  H. Vogel, Carnegie Mellon



Higher Multipoles, cont'd.

10UUIUI-V 1D

0.05 T
0.04 J=1|-
. - At it -
Project W (cos#'. o' cosl....cosb, o) 0.03 [ prsfeif afint fetim el sefe s afssonfsefof oo 1
0.02 i
2000 |- - i
X S« 0.01 1
_____ (a) : pure E1
0.00 o
( 1
1600 - 1
-0.01 |- w i
_____ '
-0.02 |- : /
_____ ) | | : | | | 7"
— Data o | —0.12 —0.10 —0.08 —0.06 —0.04 —0.02 0.00 0.02
00 -~ Pure E1 Projection J=1
— Fitted Projection a,
3
Q: 3 0.05
%) 800 Il | |
*uc-; ; ' 3 0.04
= 900
L 0.03
o 002
800 %
o' 0.01
0.00
700
—-0.01
e Data
------ Pure E1 Projection —-0.02
600 - — Fitted Projection 7 ‘ | | '
| ; | —-0.12 -0.10 —0.08 —-0.06 —0.04 —-0.02 0.00 0.02
0.00 0.25 0.50 0.75 1.00 i
|cos 8|

Data shows significant M2 admixture: >110 for J=1, > 60 for J=2!

PhiPsi09  H. Vogel, Carnegie Mellon 20



|===Theory ® CLEO @XBal AE835 WE760 [IBESH| | .000:r

Higher Multipoles,  w— —
104 ' a:~ =
concluded. e b g ;
102 | : | | | |
Good fit (multi-parameter, log-likelihood) 105 —0.10I _0'?5 0'?0 ?'05 | s
obtained assuming 4 H b -1
-m,=1.5GeV L | 5
- no electric octupole (E3) contribution g 10°F ! ¢ E
- no anomalous quark magnetic moment 7} 102 ' | o |
= -0.10 -0.05 0.00 0.05 0.10
@ 10° | T ; | I I
Measured M2 amplitudes agree = . B
. . .y i 1@4 = |+| a = _
with theoretical predictions 7p) = 2
e.g., Karl et al., PRL 45, 215 (1980), 10° —ui | i
Sebastian et al., PRD 45, 3163 (1992) 102 | I | |
-0.4 -0.2 0.0 0.2 0.4
108 — | — I 3
Resolves a long-standing discrepancy ) P b J=2
between theory and experiment. L3 : 2
103 = b . I i . e}
CLEOQO arXiv:0910.0046 (2009); 102 | | L | |
submitted to PRD -0.2 —0.1 0.0 0.1 0.2

Magnetic Quadrupole Amplitude

PhiPsi09  H. Vogel, Carnegie Mellon 21



Summary of CLEO-c Charmonium Results

- Precision measurement of hadronic two-body decays of X
- First evidence for hadronic h. decay (and precision measurement of the h: mass)

- First measurement of B((2S)—ygqg)/B(V(2S)—ggQ) ;
completes the set for heavy vector states

- New measurements for M1 transitions J/\p,Y(2S)—yn.
Understanding of lineshape crucial for n. mass and BF measurements

- Study of JAY,Y(2S)—y(TT°n,n’); surprising suppression of P(2S)—yn
- First observation of xcs — y(p,w); rates much larger than predicted

- Precision measurement of two-photon widths of X2

- First observation of the 3-photon decay of a meson: J/y - 3y

- Precision measurement of higher multipoles (M2) in radiative transitions

PhiPsi09  H. Vogel, Carnegie Mellon 22



Concluding Remarks

° Rich program of hadronic physics at CLEO-c (too extensive to cover it all here) --

° precision measurements of the mass of n (PRL 99, 122002 (2007))
and n’ (PRL 101, 182002 (2008))

° most precise single measurement of all dominant
n B.F.’s (PRL 99, 122001 (2008)), n’ B.F.’s (arXiv: 0904.1394),
and rare n’ decays (PRL 102, 061801 (2008))

° precision branching fractions for '—=X J/\b (PRD 78, 011102(R) (2008))
° ...and several analyses still in the pipeline --

° Y’ — 1t JAP matrix elements

o (JA, P)=(v,)pP; Xes—Xpp

° search for invisible (radiative) decays of JA

° spectroscopy in hadronic x.s decay

° CLEOQO-c has laid a solid foundation for BESIII to build on.

PhiPsi09  H. Vogel, Carnegie Mellon



Backup Slides
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(Aside: Precision h,

Events/1 MeV

Mass (MaV)

8
8

o+ T 1+

o, 1, 2++

“tagged” by E1 v

3850208-003

1200
1000}
goof
Em_l_ Inclusive
1146+£118 h_ events

400
L 10¢

Events/1 MeV

20 3525 35+0.23+0.15 MeV
L1 | | I | | i

ok |

3.5 I3.5Il I .3.52 IS.ES 3.54 53.55
i’ recoil mass in GeV

Mass Measurement)
CLEO PRL 101, 182003 (2008)

CLEO-c arXiv:0805.4599 [hep-ex]

* A factor of ~9 larger
statistics than in the initial
publication

n. reconstructed in one of 15
exclusive decay modes

3850208004

[
(%)

= Exclusive

- 136+14 h_events

- 130

F 3525, 2140 2T7+0.14

a MeV
CIH-- p TR T

¥ 441, i
3.48 349 35
° recoil mass in GeV

o]
=

- == M3 M3
s BN o ) [ - N o3

Result: M(h )=(3525.28+0.19+0.12) MeV
cf. <M(x.,)> =(3525.30£0.11) MeV (PDG)
- HF splitting of 1P states is negligibly small!

PhiPsi09

H. Vogel, Carnegie Mellon
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200 f

150
100

50

20 |

10 |

100

50

30

20

10

Invariant mass of n decay products:
"”"”CLED
n N, v(2S)ondhy
27M w(2S

] s

-6 -4 -2 0 2 4

M(CLEO) — M(PDG06) (MeV)

16k fully reconstructed events

|

3

n Mass

)

CLEO: M(n) =547.785 + 0.017 £ 0.057 MeV
PRL 99, 122002 (2007) (arXiv:0707.1810)

KLOE: M(n) =547.873 + 0.007 + 0.031 MeV
arXiv:0707.4616 (LPO7 contribution)

CLEO(0T)® | 't.:LEﬁ{uﬂi IT’rI

GEM (D5) & e R*n-n?
—— Y

L
ik DE (07) uila
Krusche [(95) == @
r-lmgw (02) |

Plouin (92) »
474 B4TE B4T B 548.0
Duane (T4) ==

James (66) ee———————
Foster (65) e
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Events/0.2 MeV

n' Mass

Use y(2S) » n*'n” Jiy, Jy 2> vyn'
Similar technique as in 1 mass measurement
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Result: ?”-9 055 1 . Q.7 "0.12_ 0,14 0.16

(CLEO arXiv:0806.2344258 (&% 10 pRL) 1) (GeY)
M(n')=(957.79310.054+0.036) MeV

consistent with and substantially more precise
than previous world average

Implication for the pseudoscalar n-n' mixing angle:
0p=(41.461£0.008)° (Jones & Scadron 1979)

Agrees with ¢, from BFs: flavor symm' breaking small?

(M2, — 2M3 + M2) (M7 — M2)

tan” op = - ' 2\(M '
P T @ME — M2 - ME)(MZ, — M)
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Fully reconstruct five final states:
Yy + 3n0 + vt nl+ mnoy + etey Photy g = R
38.5 34.0 22.6 4.0 0.9% e e G —

Follow PDG procedure: sum of iy ELEOW
the above five modes is ~ 100% s O
= build absolute Br's from ratios PO . __ T e ST SO ST
I R/ Reons a,(Other}
n*ny and e*ey: 3o deviation = @@=02[— TL T e S e
F L g ® CLEO-c
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Structure in tine

e Xc1(1P) — y(p,w)

e The p decay

eXhIl.DItS. POlarlzatlon

longitudinal
polarization

e Statistics are less
precise for w, but it
IS also consistent
with longitudinal
polarization

e This parallels that
measured for
a1—Yp by VES
(Z. Phys. C 66, 71
(1995))

IIJ | DﬁAﬁTﬁmg%@ frOm

Events/0.08

u 06 04 nz 00 02 04 0.6 na 1.0
cos ©®

.0
p decay angle (top)
orientation of w decay plane
(bottom)

M. R. Shepherd
GHP Workshop, Denver
April 29, 2009

N



