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Introduction: Importance and

Challenges of Charmonium

* Great Lab for precision tests of quark mode
* Mysteries, e.g., “px puzzle”

* hc9 nc9 nc(ZS)
— Predicted after J/y discovery

— Technically challenging: statistic, low energy photon
detection, interference, EM hinder effects...

— Observed through various processes, but properties need to
be understood

In this talk:
h.— mostly recently discovered charmonium state
— new measurements of production and properties

n,— mass, width, distorted lineshape
n.(2S) — observed in charmonium transitions at last!
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Experimental Approaches

BESIII, CLEO-c: BaBar, Belle:

From y’ decays and e*e” annihilation From yyand B decay
near DDbar threshold - large production rate.
- very clean and simple environment

— Two-Photon process
2 M(D) -
_________________________________ e (p) etag(P)
g p}_
ool
Ker(1P) S
(1P)
Y
0++ 1+ o+ Afew % of B esons
1 ’ 1 decay into cc and K{*)
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BEPCII/BESIII

27 17
BEPCII

»Beam energy:

Vs=2.0 — 4.6 GeV
»Optimum energy:

Vs=3.7 GeV
»Beam crossing

angle:22 mrad
»>Designed luminosity:1.0x1033
»Record

luminosity 0.57x1033
»>Energy spread: 5.16x10
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BESIII Detector Large luminosity
He-based drift chamber:
op/p=0.58%, BESIII has a comparable
dE/dx~6%@1. GeV detector to CLEO-c with a
CsI EM calorimeter: much larger luminosity.
0E~2.5%,

TOF: 80 ps (barrel), 100 ps(endcap)
1T Superconducting magnet

Muon system :

9 layers of RPC



h c(IP 1)

* Spin singlet P wave (S=0, L=1)

- Potential model: 1f non-zero P-wave spin-spin interaction,

AM, (1P) = M(h,) - <m(1 3P)> £0
where <m(1 3P))>= [(M(x,,)+t3M(x,,)+5M(x.,)1/9,

- CLEO-c 1stobserved 4, in e*e 2y’ 27’h,, h. 2.
AM, (1P)=0.08+0.18+0.12 MeV/c?
Consistent with 1P hyperfine splitting = 0.

Theoretical predictions:
BF(y(2S)27’h,) = (0.4-1.3) <10 Different theoretical approaches

BF(h,2m,) =48% (NRQCD) give a wide range of predictions
BFE(h,2m,) =88% (PQCD) and that we've been waiting for
Kuang, PR D65 094024 (2002) experiment to resolve it.

BF(h.2m,) =38%
Godfrey and Rosner, PR D66 014012(2002)
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Methods for studying the 4_in ¥’ decays

Only detect the ©® - “inclusive”

_ 3960805-012_ (compute M, from kinematics)
3.8 2M(D —
r ——==DD ( ) ______________ ] Rate o< Bf (/ %n'ohc)
3.6/ x (1P
: XC1 (1P) 1 173 29
o ] Detect the n° & y > “E,-tagged
N(\.) aal Xco(1P) B (compute M, from kinematics)
Té Rate «< Bf (f/ %n'ohc)XBf(hc —Mm.)
g3.2 -
3.0 - 0
Detect the ¥ , Y& all ., =X, decay
0++ 1++ 2++_ e . v
products—> “exclusive
o gl 1 ! T (compute M, from 4-C kinematic fit)

Rate < Bf (W —n’h )X Bf (h, —n,) X Bf(n, = X,)
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w'>n’h, , h, >y, at BESIII

- BESIIL: 106M vy :
4000 ¢
3500 BEAIL .\ El tagged | pRy, 104 132002 (2010)
30000 Mass = 3525.40:0.13+0.18 MeV/c?
oy Width = 0.73£0.45£0.28 MeV
1500 0L gt b o] <1.44 MeV @90%
1000; Zg '

500 351 352 EXR 350 CLEO-c: PRL 101 182003 (2008)
<00 [ o Mass = 3525.28+0.19+0.12 MeV
4ooooi i Width: fixed at 0.9 MeV
30000? ?ggg

o Hyperfine mass splitting
0L AM,(1'P)=M(h,) - <m(1°P,)>
10000 ol | | ,
T | BESIIL: 0.10+0.13+0.18 MeV/c?
7351 352 353 354 CLEO-c: 0.02+0.19+0.13 MeV/c?

By combining inclusive results with El-photon tageed results

BF(y' 2 n’ h,)= (8.4+1.3%£1.0) x10* Agrees with prediction from Kuang,
BF(h,2 yn,) = (54.3£6.7£5.2)% Godfrey, Dude et al.

Make it possible to extract absolute h, cross sections.
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Inclusive Y2 z’h, at CLEO-c

4000 BESTII
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BESIII s result has been confirmed by CLEO-c
BF(y' 2 7’ h.)= (9.0+1.5+1.3) x10-* Phys.Rev. D84 (2011) 032008

1850511-004
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Events/1 MeV/|

Events/1 MeV Events/1 MeV

Events/1 MeV

w2 lh_, h,> 1., N, exclusive decays at BESIII

Events/1 MeV

" 7 recoil mass (GeV/c )

Events/1 MeV Events/1 MeV

Events/1 MeV

)

" 7 recoil mass (GeV/c )

16 different 7, decay channels

Simultaneous fit to 7Y recoiling mass
y*/d.o.f. = 32/46

Mass =
Width =

3525.31 £ 0.11

+ (.15 MeV/c?

Events/1 MeV

Events/1 MeV

Events/1 MeV

Events/1 MeV

i
! 8
I‘&il‘i lllm

" 1° recoil mass (GeV/c )

Events/1 MeV Events/1 MeV

Events/1 MeV

Events/1 MeV

7° recoil mass'(GeV/c )

n]n"n(vv)

s : s
7° recoil mass (GeVicY)

7° recoil mass (GeV/c )

P

consistent with BESIII E,-tagged results

0.70 £ 0.28 £ 0.25 MeV CHARM?2012 - Jianmig Bian



w2 lh_, h,> 1., N, exclusive decays at BESIII

Events/1 MeV/|

200 EBESIII Preliminary * 832435 evts.
Summed

distribution

. 5 54 %]
7° recoil mass (GeVicY)

phr T

Events/1 MeV

Events/1 MeV

7° recoil mass'(GeV/c )

2 Trn(yy)
= 40 ]
- :
§ ‘ 20
S - . . | . 1 l . 1 l ,

9.48 3.50 3.52 3.54 3.56 T 56

0 N 2 recoil mass (GeV/cY)
5 M(7" recoil mass) (GeV/c?) - ——
2, ] npwt TR
§ : a ° =, ’_
3. = 56 148 6 348 ) T

- -i 13 .
7° recoil mass (GeV/c } 7 recml mass (GeV/c )

16 different 717, decay channels

7° recoil mass (GeV/c ) 7° recoil mass (GeV/c )

Simultaneous fit to 77 recoiling mass consistent with BESIII E-tagged results
w2d.o.f. = 32/46

Mass = 3525.31 £0.11 £ 0.15 MeV/c? o
Width= 0.70 = 0.28 + 0.25 MeV CHARM2012 - Jianmig Bian 9



h_.hadronic decays at CLEO-c

PRDS0, 051106(R) (2009)
150 ————T——T——T—— 7

L
)
o
-’

Because the Br(h.2>n.) = (54.3+-8.5)%
(BESIII), the remaining hadronic decays 100
should be large enough to be observed.
CLEO-c has searched for odd pions
decays and found the evidence of

h >2(r ).

%)
@)

Events/(1.5 MeV)
(@)

B(y'>n’h )XBr(h,2>2(x* ) n’)

= 1.88_0.45“)'48 (stat.) _0.30+0.47 (syst.)XlO‘S 250
Yield: 92_,,,"%

Significance: 4.40

) | L | ) ] ) ] L |
(0]
3.43 3.45 3.47 3.49 3.51 3.53 3.55

The main part of the remaining 45% h_ Candidate Mass (GeV)

hadronic decays is still unclear... Invariant mass plots for s >2(7" 7).

for (a) data, and (b) non-4, MC events.
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4250311-001a

ete (4170 > mh,

New h_production mode
found at CLEO-c "

CLEO-c has discovered a prolific new source (~100)
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of 4, from e+e- annihilation at vs=4170MeV: A b
e+e-(4170)97zr|‘7z—hc(lp) - A0 AN S [ TN B T
. = (0) e (4260)> ' rh,
with 4.2 yn., 1.~ 12 decay modes. 4t +
- R L o
This discovery of the population of /2, in e*e™ annihilations above e BEN. NS tl ¢+ _
the DD threshold of charmonium has led the Belle collaboration to %346 348 350 352 854 356 358
search for /,(1P, 2P) in e*e annihilations at/S = 10.685 GeV using X Recoil Mass (Gev/c?)
the same technique.
Phys.Rev.Lett. 107 QO%I) 041803 B
3-60 : 4250311=003 20 Q 7 n
- . & ¢
— 3.58 L ‘6 § 60 - @ og(e'e" > h) (scan data)
o L ~ -
3 > . 14 o UF A ode's 5 wh) (4170 data)
o 3.54F iy " 12 S
< E - 10 b E O ogle’e »>ntn Jhy)
E 3.52 .. . + 30F L]
8 C 8 R C
£ osofn Moy . tar
= ] | - 1
' 3.48[ m . 4 ) C I
: 2 o '0F
el R W < F
285 29 295 3 305 31 3.15 O © 89' B P —

5 400 4.05 410 415 420 425 4.30

ymn~ Recoil Mass (GeV/c?) CHARM2012 - Jianmig Bian 12

e*e~ Energy (GeV)



1n(13)

* The lowest lying S-wave spin singlet charmonium, discovered in
1980 by MarklI

e Parameters:

J/y, v’ radiative transition: M ~ 2978.0MeV/c?, '~ 10MeV
¥y process: M =2983.1+1.0 MeV/c?, T'=31.3+1.9 MeV
| ®vypp

f 2
e (1S, 28)>m. .2 . i X
CX width - AUBERT  08AB BABR 25
- AUBERT 08AB BABR 24 —H | .. UEHARA 08 BELL 0.0
- UEHARA 08 BELL 43 | —— - wu 06 BELL 5.7

----- ABE 07 BELL L L WU 06 BELL
WU 06 BELL 6.9 o ASNER 04 CLEO 03
WU 06 BELL 038 H o AUBERT 04D BABR 7.8
SR ASNER 04 CLEO 04 —=@ AMBROGIANI 03 E835 0.8
-~ AUBERT 04D BABR 2.0 @& BAI 03 BES 16
- AMBROGIANI 03 E835 24 ... FANG 03 BELL 0.0
- BA 03 BES 3.7 ce ) - - BAI 00F BES 3.3
1. FANG 03 BELL 0.1 ' 4|.—'| <<<<<<<< ARMSTRONG 95F E760 0.1
&\ . BA 00F BES 26 t @ | BAGLIN 87B SPEC 7.4

.......... BAI 90B MRK3 4.1 — - - - - BALTRUSAIT...86 MRKS3
|\ GAISER 86 CBAL _ 06 /@- -\ - GAISER 86 CBAL _125
\ 30.4 o 42.0

- | | | 1 _
2950 2960 2970 2980 2990 3000 C.L.=0.0014 -20 0 20 40 CL <0 0001

nc(1S) mass (MeV) n~(15) WIDTH
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1. Candidates/10 MeV [x107)

v'>Mm., . 2exclusive decays at CLEO-c

Three Measurements of M1 Transitions:

AGL22eO0
] T T 1 T T T 1 T T T 1 T T T 1 T T
16— .
- Exclusive -
2k J/'/f’_’}"]c N
!
4
1] S 2 4
004 014 024 034 044
Photon Energy (GeV)
= 1600 - ‘ Exclusive
= i (. -
S 0 P(2S)—=yie |
2
T 1200} -
> .
2 o
8 800 |- . .
© h \ 1
c ) 4
(] " ’, M ]
ou 400 =~ '“"'"v.’ — ‘f!.o', ", 7]
0 ! PR | ! —t ! —t ! I ]
040 060 080 1.00
Photon Energy (GeV)

A. B(Y(2S)—=vyne) = (4.32+0.1620.60)x10-3 from inclusive nc decays.
B. B(J/—=yne) / BOY(2S)—=yn.) using exclusive 1. decays.
C. B(JAy—=ync) = (1.98%+0.09+£0.30) % taking AxB.

R
2 60000 5! Inclusive | Slide from Ryan Mitchell
S P2S)=yie
40000 '
< - = —>Y
g | B(J/‘P /"]c)
. 20000 |

0- A R B

" Photon Energy (GeV) PRL 106, 159903

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

» Recent Lattice QCD Results (Dudek et al, PRD73,07450(2006))
predict I'yye = (2.0+0.1+0 4) keV
= B(J/Ap—=yne) = (2.1+0.1+0.4) %

The experimental value of B(Jlyy—yn.) is now in line with theoretical expectations.

The distortion of the 1, line shape in Y’ decays inspires BESIII’s 1), study. 14



v'-2>Mm., n. 2exclusive decays at BESIII

interference with non-resonant background is significant!!

250

N
(=]
o

—_
[$)]
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100F

50F
'3

Events / 10 MeV/c?

—e— data

L [ other y’ decays
L C %%
W cont

L ----sig
[ — — non-reso

272752828529295 3 3053131532

Events / 10 MeV

- —e— data
T [ other v’ decays
FC X
- [ cont

- ----sig
' — — non-reso

E e int

M(KsKr) GeV/c?

Relative phase ¢ values from each mode are

T T D T I DU T I I D
272752828529295 3 3.053.13.153.2

M(KsK3m) GeV/c?

consistent within 30,

= use a common phase value in the
simultaneous fit.
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o
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N
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o

100F

a
o
T

—e— data
[ [ other y(2S) decays
o
r W cont

L ---- sig
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o

272752828529295 3 3053131532

M(KKn®) GeV/c?

F—e— data

300 - [ other y’ decays

O 250 — I cont

. =%

E ---- sig
[ — — non-reso

M(2K2rn®) GeV/c?

272752828529295 3 3053131532

160F

Events / 10

[~ —e— data
F [ other v’ decays
E X
_ com
E - sig
. — — non-reso
E ........... int

Events / 10

2.

q’ -
= 150

72752828529295 3 3053131532
M(mm) GeV/c?

— —e— data
L [ other y(2S) decays
8
— . cont

F ---- sig
[ —— non-reso

int.

72752828529295 3 3053131532
M(6m) GeV/c?

M:2984.4 + 0.5 £ 0.6 MecV

I:
0:

CHARM?2012 - Jianmig Bian

30.5+1.0 £ 0.9 MeV
2.35£0.05 £ 0.04 rad

BESIII arXiv:1111:0398
accepted by PRL
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New mass and width measurement

for 1. in B decays at Belle

B*"—>K'n,n.— K¢K~m* 535 million BBbar-meson pairs

o T 150
n.1n B decay 2150} z %
s | 100 }
7100} -
B N 3 ] }
I?(I) o = 0 501
- _ _
0f ao g I
25 275 3 325 35 1 s o0 os 1
M(K(Kn), GeV/c” cosB
Phys.Lett. B706 (2011) 139-149
2-dim fit of angle(K* Ky) vs. M( KSK ) Agreement with BaBar result
M=2985.4+1.5 , "5 MeV nyr= e

Agreement with BESIII result
n y'= 1,

CHARM?2012 - Jianmig Bian 16



n. lineshape from v’ > n’h_, h > yn.at BESIII

160 -BESIII Preliminary

140

1208 Qum of 16 of

100 -
soF 7. decay modes

60
40
20 E

Events/10 MeV

FPPYE g e

.
...........

o e ) ) i ------‘r"."l' ] | ]
2.4 2.6 2.8 3.0 3.2

M(hadrons) (GeV/c?)

o
=
o

—
i
<o

Events/10 MeV

100 F

o
T T TT

"BESIII Preliminary

|
Background *i

subtracted ! |

bt
T |

.50 L—

24

1 | 1 1 1 I 1 1 1
2.6 2.8 3.0 3.2

M(hadrons) (GeV/c?)

The n.lineshape in 4, yn.is not as distorted as in ¥’ 1, decays because
the non-resonant interfering bkg is small (B(k,.2y1.)=54%, B(y'=2>n.)=0.34%).
Ultimately, this channel will be best suited to determine 7], resonance

parameters.

Yesterday’s search = today’s discovery = tomorrow’s calibration

CHARM?2012 - Jianmig Bian
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n.(25)

Crystal Ball’s “first observation” of ¥’ — ¥ X never been confirmed.

PRL 48 70 (1982)
“Seen” n.(2S) from inclusive photon spectrum of ¥’ decays.
Branch ratios and parameters are far from modern measurements.

Observed 1n different processes other than radiative transition,

1. B=2>Kn.(2S) Belle: PRL 89 102001 (2002)
CLEO: PRL 92 142001 (2004)
2. y2n.(25)?KKr Belle: NPPS.184 220 (2008); PRL 98 082001(2007)
3. double charmonium BaBar: PRL 92 142002 (2004); PR D72 031101(2005)
. BaBar: PR D84 012004 (2011)
production

M1 transition y'->y1.(2S)
CLEO found no signals in 25M v/’

BF(yj'ém (ZS)) < 76x]107% CLEO: PRD 81 052002 (2010)
Experimental challenge : search for photons of 50 MeV

CHARM?2012 - Jianmig Bian 18



Observation of y'-2> . .(28)-> v(K Kr) at BESIII

106M y’

W | | | BESIiga areli'minary: BF(y> . (25)> yK Kr)
E 103? — fitting results _§ =(2,98:|:0.57:|:0,48)><10'6
0 - === XeJ ]
< 02E - - nc(zs) _ _
S TE P k4 O\ e background 1 BF(n.(25)>KKm=(1.9£0.4+1.1)%
= L/ i BaBar: PR D78 012006 (2008)
S pof SN E
a0 N Coera 2R BF(y'>ym.(25))

f . #/ ----- \\ = (4.7£0.9+3.0)x10

= R B I B I VIR

3.5 3.55 3.6 3.65 3.7

M. (GeV/c)  CLEO-c: <7.6%107
’ PR D81 052002 (2010)

Width fixed to 12 MeV (world ave.) ' |
Events: 50.6+9.7; Significance >6.0G! Potential model predicts

-_ O.IN 6.2 *1()-4
Mass = 3638.5+£2.3+£1.0 MeV/c? ( )

CHARM?2012 - Jianmig Bian 19



New mass and width measurement

of 77.(25) in B decays at Belle

B* > K*'n.2S),n.02S)>K;K* 1w

100 ¢

~ (\,
&
~ 3 c b
Z I z
- 15 3 1
= | 100
“ s0f :
B ] ]
- ‘ 25 } =0l
K(l) b 1|H’ i (S 50 _
0 —H Z w
11111111 0 ] 1 + 1
3.25 35 3.75 4 . -1 -0.5 0 05 1
M(K Kn), GeV/c” cos6

Phys.Lett. B706 (2011) 139-149

Interference of signal and non-resonant background important
fit with interference I"= 6.6_; ,*34(stat.+model)_, ,>%(syst.) MeV
fit w/o interference I'=41.1 + 12.0(stat.)_,, o **(syst.) MeV
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n.(1S) & n.(2S) new BaBar results

ne(25) QNP2012

30 _

- (d) R
25- E
20- g
15 F
10 -l>

5 ar Prelirminary

- Yy2n.28)> T,

0"""36 385 a7 3

B(ne(28) — nentn) < 7.4% S

(compatible with prediction < 2.2%) %

m(n_(1S))=2982.5+0.4+1.4 MeV/c? g
I'(n(1S))=32.141.1+1.3 MeV

m(n_(2S))=3638.5+1.5+0.8 MeV/c>
I'(n,(2S))=13.4%4.6+3.2 MeV
CHARM2012 -

PRD 84, 012004 (2011)
519.2fb! near the Y(n)s (n=2, 3, 4)

....................

e
.
Y
.
-

28)

1200

m(K*K'm*rn?) (GeV/c?)
W= N.1.029)— K K* 1
= N.N.(28)—= KK ntrn%(5.30)
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Search for 1n.(25)=> V'V at BESIII

Test for the “Intermediate charmed
meson loops” to evade HSR

Phys. Rev. D 84, 091102 (2011)

ol o 10 i— (C) =
7 ™ : - T 1 2 ¢ ’H A ; -
£ I L
10’;3—5' :4_ 1—45— zs s 346/; x;;/ : ;,7 10355 34“’;45 T35 35 36 ‘\I ?(:'3,' -""'3_7 10'5_3-5' - ‘3?4| - %[45 - 'zls' - 'z.;sl - ‘zlo‘ )‘\I 3 Li' \I: 3—7
MG, (GeVie) v Mo (GeV/S?) v My (Gevie) N/
BF (> 1(25)> V) (107) BF(1n,(25)>V7) (103) | Theory BF(m.(25)> V) (10)
200 <114 <31 6.4 ~28.9
KK <19.4 <53 79~358
b0 <78 <2.0 21~98
No signals observed in 1.2pp, K*'K*°, ¢¢; arxiv1010.1343

more stringent UL s are set. CHARM2012 - lianmig Bian 2



Summary of recent nc’ nc(ZS) results

BaBar YY IBaBar Y '

Belle [1] vy —— Belle [3] vy )

CLEOc [2] vy [ CLEOc [2] vy o

BESIIl y ->yn, —— BESIII v ->yn_ ——

BeIIeB >Kn . | ‘. | BeIIeB >Kn T ..__. —
2978 2980 2982 2984 2986 2988 3625 3630 3635 3640 3645 3650

n,(1S) mass (MeV/c?) n_(2S) mass (MeV/c?)

BaBaryy 00 —e— | BaBar yy s
Belle [1] vy —— Belle [3] yy ———
CLEOc [2] vy —_— CLEOc [2] vy L
BESIIl y ->yn_ -@-

. Bellle B -.>K|np. M B B B | n_‘ | . Be”e B >KT] | | | ® | | |

5 10 15 20 25 30 35 40 45 —20 —1 5 1 0 —5 0 5 10 15 20 25

n,(1S) width (MeV)

n,(2S) width (MeV)

Hyperfine splitting: AM(1S) = 112.5 + 0.8 MeV (earlyer results: ~117MeV)

0.12

0.1

D McNeile QWG2011

0.08
LQ

Agree with theoretical prediction better

0.060

2
a

1 | 1 | 1 | 1 | 1 | 1 1 | 1 |
0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

fm2

Slide from Steven Olsen
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Summary

* h(1P):
— Nailed down key branching ratios y'-> 7z’ _and h,>m,_, so
the absolute %, cross sections/branching ratios are available.
— New prolific production mode found: e*e>w'mh,.
* nJ(18):

— Mass and width are more consistent in ¥ decays, B decays
and yyproduction than previously.

— h_>Yn. can provide an interference free lab for 7. lineshape
study. (BESIII collected ~0.4b y’ data this year, making this
approach possible)

* Nn.(28):
— First observed in y’ decays.
— Decay modes other than KK are observed.

CHARM?2012 - Jianmig Bian 24



Thank you!



Backup

CHARM?2012 - Jianmig Bian
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BESIII
SC magnet (1T) Csl (T') calorimiter
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Calorimeter

C LE O = C e Solenold Coll Barrel
‘ Ring Imaging Cherenkov
L , Detector

Drift
Chamber

., Inner Drift Chamber/
SC Quadrupole 1 Beampipe
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Endcap
Calorimeter
Quadrupoles

Rare Earth

Quadrupole Iron

Polepiece

Muon Counter

Barrel Muon

BaBar B Belle

Time-of-Flight Counters .
o= 100ps Aerogel Cerenkov

Aerogel Cerenkov Counters Csl calorimeter Time Of Flight

Electromagnetic Calorimeter
9736 Csl(T1) crystals -
op/E,~18% 001GV -3

n=101- 103
K /= separation
3.5 GeV positrons

K, -u Detector
14/15 RPC layers
Ky and u ID

. S.C. solenoid
> TRT,

Central Drift Chamber =¥ =

_\

8.0 GeV electrons_ q '
o 50 axial and stereo layers > : S
7 | ’ \Jo,/p:o‘x»%mccV/c 8GeVe gl A /RI NN
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An example of intermediate
charmed meson loops

arxiv1010.1343
+ +
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FIG. 1: Feynman diagrams for 7. — pp via intermediate charmed meson loops.
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n.(n.(28)) titting formula at Belle

Phys.Lett. B706 (2011) 139-149
The fitting function can be represented as the square of the absolute value of

the sum of the signal and non-resonant amplitudes integrated over all variables
except M(KgKw) and cos#:

I+§ 8+% ! r2
Fon=f [ [ L[ Ravew venn
r—3 s—%

A, (¢ @2) + aAs(d q-‘%)) S(z') +
2

ds'dx’dg; dgsdo, (1)

s — M2 +iMT"

BAp(qi,q5)P(z') + vAp(qi, 3) D(z")

where z = cosf, s = M?*(KsKr); ¢ and ¢35 are Dalitz plot variables; &
and £9 are constants that characterize the efficiency dependence on x and are
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n.(n.23)) titting formula at Belle

determined from MC; § and A are the bin widths in cosé and M(KgK)
invariant mass, respectively; M and I' are mass and width of the 7. (7.(25))
meson; NN is the 7. (1.(25)) signal yield o, [3, 7y are the relative fractions of the

S-, P-, and D-waves, respectively; S = —Z, P = \/_ z, D = \/_ 3) are the
functions characterlzmg the angular dependence of the S- P-, and D -waves,
respectively; A, is the signal S-wave amplitude, Ag pp are the background S-,
P-, and D—wave amplitudes, respectively. The absolute values of the amplitudes
squared are normalized to unity:

/ / / |Ap.s.p,0(q3,03)*dgidgsdo = 1. (2)

To account for the momentum resolution, Eq. (1) is convolved with a Gaussian
detector resolution function that is determined from the MC and calibrated
from the J/v¥ (x.1) width in data.
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