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- A pair production of DD (Ds*Ds’) at mass threshold
- o(e*e” — DD) at Ecm = 3.773 GeV

- Line shape of o(e*e” — DI5) around E., ~ 3.770 GeV
- 1st observation of SCSD, D — wn
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Outline

- Dst 7 n’X and Ds* — n'p*
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Charm @ mass threshold

- Around Ecm ~ 3.770 GeV , ete- — y* —DD
- Typical main backgrounds from
e*e’ =y — qq — light hadrons (q = u, d, and s).
o(e*e =y — qq) is ~ 17 nb, while o(e*e- — DD) ~ 6.5 nb.

- Typically, two ways to obtain the D yields:

«%* Single Tag (ST) : Find only one D.

*»* Double Tag (DT): Find both of them.

=) |arger backgrounds
= Higher efficiencies

= Smaller backgrounds

m»Smaller efficiencies

\
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Two popular variables

- Beam-Constrained-Mass; Mgc = '\r(EbeamZ - |

Po is a reconstructed D 3-momentum.

Pol?)

> |ts resolution is dominated by the spread in Epeam
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> The signal has asymmetric shape

A typical ST Mgc

(longer tail on its high side)
due to the ISR effect (| po| gets smaller)

- AE =Ep - Epeam

> Almost independent of the measured Mg,

BESTH Preliminary

1Hdof=251/238

CuthndCounts114302471

i g g Lo
1C.'EB 1.84 1.85




CHARM 2015 MAY/2015 S

RPC: 8

1§
el

50

The BESIII detector

90

layers

_/

[ESEEEE e, e

S ym AT —

NS ~ N %
> N\ X

"

X !f{.x

R R R R R R R R R B R R R R E R EE R EEE R
; =
g

%ﬂﬁ/ﬁﬁ, w& \_/m

VN

U of Minnesota

Hajime Muramatsu

@layers
SC coil
TOF
barrel

afat f N $1,N u
28 = =— DN N\ VT
- s 7 = ey
+-1N NNNNTE T 3 = e
=L i | ol m: , &Em
A HHNKHKRR H SO i § H 4,1 bl
NNRN : J 2 il ==4aZ M= |
m I / | ! ‘WH W m W i
H / RE = 5 H 7 '
== i = g f
= [————1 ——_ [ = H
i —— == |l L
N s =t E i NN
aI= | :
| R= RS AlIS:
M _ M 4 M \
H g2 , | W == N[ H
74 ! 7 W ﬁ 1 -~ H |
| | =
I
8N O

oo o

,,,,,,,,,,,

NN,/ B 4 v a v i —1 @ T 2 = d 7 7.[. L X3
4 Z— 2% J X
’ = | X
7 ﬁ ,
|
|

SCQ  —~—|




Hajime Muramatsu U of Minnesota CHARM 2015 MAY/2015 6

~ 3 e*e” annihilation samples h

in this talk

1. At Ecm = 3.773 GeV. Accumulated luminosity = 2920 pb.
2.3.745 < Ecm < 3.854 GeV with 22 different E., values.

- For each E¢m, the accumulated luminosity ~ 1~8 pb™.
- The total accumulated luminosity ~ 70 pb.

(For more detail, please see Yi Fang’s talk given at yesterday’s parallel session.)

3. At Ecm = 4.009 GeV. Accumulated luminosity = 482 pb™.
This sample produces;
ete v*—’Ds"'Ds',
where the paris of Ds*Ds" come from decays of {(4040).

Thus, Mgc and AE are useful again.
\—_ J
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Measurement of
o(e*e"— DD) at Ecm = 3.773 GeV

An interesting topic in the context of
o(ete — Y(3770) — non-DD)

Useful information to normalize a measured ST BF
along with the accumulated luminosity
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4 DT method A

- Reconstruct (charge conjugate modes are implied)
D% — 3 modes: Krt*, Kt'nt®, Kmtem?
D* — 6 modes: Kt'rt*, Kt m, Ksitt, Ksrom0, Ksrehre e, KK et
- Ine*e- — DD events, where D — X and D Y,
let BF(D — X) = Nx/(€x*Nbb) : Single Tag (ST)
BF(D — Y) = Ny/(&,-Npp) : Single Tag (ST)
BF(D — X)x BF(D — Y) = Nx,/(€x,"Nob) : Double Tag (DT)
Then, Npp = [Nx*Ny/Nxy]x[€xy/(ex*€y)] and
o= NDE/I-I
L =2920 fb! (Chin.Phys.C37, 123001 (2013)).
(one can obtain the absolute BF from the DT/ST BFs ratio above)

- Extract Nx and Ny by fitting to Msc (with cut on AE)

- Extract Ny, by fitting to a 2D; Mgc¥ v.s. Mgc*.
— _J
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Fitting to Msgc A

/

8000 | Ny, = 340703460 . 1%/dof=251/238
e e R e e A e e s N 3 R T e B B e " NSIg= 119486+ 330 CuthndCouna1 14002471
3 . 7000
; - Example fit to Mgc of D* — Ksn+n°. i

]
oooooooooooooo

i - MC-based signal shape
_ w/ ARGUS background function.: ST ﬁt >

f; Small peaking backgrounds ("‘3%) |
i are taken into account. :

1.89

y2Idof=93/91
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Preliminary results

- Averaging the resultant cross sections
over different decay modes (X and Y), we have;

o(e*e- — D°DO) = 3.641+0.010 (stat.) nb
o(ete — D*D’) = 2.844+0.011 (stat.) nb

at Ecm = 3.773 GeV based on 2920 pb™.

- Consistent with CLEO-c (PRD 89, 072002)
at Ecm = 3.774 GeV based on 818 pb;
o(ete- — D°D?) = 3.60710.017(stat)+0.056 nb
o(e*e-— D*D") = 2.882+0.018(stat)+0.042 nb

\—_ _J
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How about in the vicinity of Ec™ 3.770 GeV?
Line shape of o(e*e"— DD)

Does the highest o(e*e DD) position
correspond to the mass Y(3770) measurement?
Or is there another source(s)
that feeds o(e*e-— DD) in this energy region?

For more detail on this preliminary result,
Please see Yi Fang’s talk given at yesterday’s parallel session.
— _J
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Production line shape of DD B
o(e*e — [not only Y(3770) ?] — DD)

Experiment M, (3770)

.l.

N—

{ “tBaBar 4] _3778.8 + 1.9 + 0,

( "KEDR [5] 3779. 2+}_7 2

BES-II [1] 3772.0 + 1.9
Belle [2]  3776.0 & 5.0 £ 4.0
BaBar [3] 3775.5 £ 2.4 £ 0.5

géi

includes_interference

12~

10

00 mp » 1D

| |PLB 711,292 (2012)

- Recently, it has been claimed that a single BW may not be sufficient
to describe the observed line shape of DD.
And some introduced an interference in the DD final states with
DD from non-y(3770) decays (e.g., tails from other cc resonances).

\

- Consequently, there has been changes in Y(3770) parameters, like MASS.
The mass of the highest o(e*e- — DD) does NOT change at ~3.773 GeV/c2.

KEDR

A
o
I

<7

. —— Solution 1
% = Solution 2 (VDM)
% - VDM fit

W
o

(VDM)

events/(5 MeV
N
o

o

BABAR

PRD 76, 111105 (R) (2007)

i P P P P AP C
3740 3760 3780 380*20 3840 3860 3880 03 7 ;

Dip in shapel!l??

h0D) (Gev/cd)
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A brief description of analysis procedure

We primarily follow the KEDR procedure (PLB 711, 292 (2012))
in today’s preliminary results.

- Define O'born(Ecm) S IANR + ARes'ei(I)I2

> ARes(Ecm) . ¢(3770) amplitUde . o ‘I[reerDE(Ecm)] / [Mz'EcmZ'iMI-(Ecm)]
where lp5(Ecm) < [(Ecm) x BF({(3770)—DD).
> Anr : Try two models for today (NOT the only choices)

= \Vector Dominance Model (VDM): use the above BW w/ M = 3.686 GeV.
= An empirical approach: Ang < exponential form

to probe the above model dependency.

- Procedure:
> Fit tO oobs(Ecm) - ND/[Z'G'L(Ecm)].

> Obtain P(3770) shape parameters from Gporn(Ecm)-

We float Me.¥(3770) [¥(3770) and ¢ with a fixed BF({)(3770)—DD) = 100%. y
\—
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Fitting to “AE vs Mgc”

- Reconstruct (same as the previous analysis)
D% — 3 modes: total reconstruction efficiency ~ 11% :
Krt, K, Ke'mome?
D* — 6 modes: total reconstruction efficiency ~ 10% :
Kt Ko, Ksit*, Kstom, Ksrermetre, KYKme?

- SingleTag method:

- Fit to 2D (AE vs Mgc) with MC shapes
=» obtain yields, Np, in each E.n bins

- Form Gobs(Ecm) = ND/[Z'E'L(Ecm)].
L(E.m) is the accumulated luminosity in E.n bin.
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4 Projections onto Mgc (in GeV/c?) A

Fit example at Ecm ~ 3.773 GeV Fit example at Ec, ~ 3.800 GeV

[ ]
(=]
=]

]
4]
=]

Events [ ( 0.002]

-At arbund' Ecn; ~ 3.773 GéV,’the direct production dominates
. (not much the ISR tail on the high side of Mg().

[ - At higher Em, the contribution from ISR dominates.

i Particularly,

at Ecn ~ 3.810 GeV (not shown), the peak at 1.865 GeV/c? is gone!
i That is, the yield of D is entirely from the ISR tail!
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Fitl-i ng tO Gobs(Ecm)

- Simultaneously fit to oops(W) of D°D° and D*D-.
- Only oobs(e*e— D*D") with the VDM is shown here.

Not easy to fit -
-with a single BW?'

af I

~ -
.....

The fit finds the minimum Gpormn
at around E., = 3.810 GeV

without the knowledge of the ISR effect

o L
= B ¢ Data
(o) 5 — FitOJg?D_
+Q B - omom g
@) b Born )
— p Resonant - (3770) — DD
4__ ! “ = = = Non-resonant -(2S)
- ! 1 ¢ BESIII - On-peak Data [2.92 fb'1]
_ ,' '
L |
3 - : 1
- e f oA |
_ [ ) |
- /| |
2 !
1
B 2 [ I [ [ ’ I- I [ [ [ I [ Ll I [ [ [
P72 374 376 378 3.8 3.82 384 3.86 3.88 3.9
S I's [GeV]
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~ Results 'We got only one solution from the ﬁt \

. \ W |
Son.“e«\\ﬂaw(”m)wewcz] Y6770 [MeV]

23018
270124

3781.510.3

3783.0+0.3

3779.3%18,,

PDG / 3773.210.3 27.2+1.0

j - Consistent with the KEDR’s result (as they should).

[262+18]x
B((3770)—DD)

1_ - The shown errors are statistical errors only.

' - We can only determine I'ee“’(377°)xBF(LIJ(3770)—>DD)

(this is essentially, our DD YIELDS).
§f That s, IF I*377% could be determined independently, :
THEN BF(LIJ(3770)—'DD) can be extracted from our ﬁt'
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The first observation of
singly Cabibbo-suppressed decay
D* = wrt”
and
the evidence in D° — wnr®

For more detail on this preliminary result,
Please see Peter Weidenkaff’s talk given

at yesterday’s parallel session.
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D — wrm so far

The singly Cabibbo-suppressed decays D*? — wrmr*(©)

have not been observed yet.

The most recent experimental search:

BF(D* — wnt*) < 3.0 x 10~4 @90% C.L.

BF(D° — wn®) < 2.6 x 10~4 @90% C.L.

(CLEO-c; PRL96, 081802(2006); 281 pb™)

was Singe Tag method =» continuum background dominates.

- H.Y. Cheng and C.W. Chiang predicts
BF(D?° — wnr®) ~ 1x10* (PRD 81, 074021 (2010),
due to destructive interference between color-suppressed
diagrams.

- We'll go the Double Tag route:

Reconstruct the same 3 and 6 decay modes for D° and D*
\as in the DD line shape study.
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4 Double Tag: on the signal side

- Reconstruct w — w'ntm?, ® — yy

- w helicity angle:
Require |Hw| = | cosBhelicity| > 0.54 (0.51) for D*(D°):
Expect the signal to have H? shape.

- w peaking backgrounds are estimated from 2D Mg
sidebands (both tag and signal side Mgc).

- Require Mgc and AE to be consistent with D on both
signal and tag sides.

- Fit to M3, = invariant mass of rt*nim®
with MC-based signal shapes and background
polynomials.

\
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Events/(0.005GeV/c?)

N
o

0

(@) (@0)
o O

TN
| o

Fit to doubly tagged M3,

D*— wn*

76116 signal events

Stat. significance = 5.40

,

_'u' 1 L . N R B
5 06 07 0.9 85 06 08 0.9
2 oooooooooooo 2
M, (GeV/c?) From Mac SBs M 3ﬂ(G'eV/C )
600:_ | ............. 400:_
2400'_ xindf =7.7/4 b g [ x¥ndf =1.5/3
5 4% 5 200
~L200F =
[ ° o I
O-—g_. . | . \\ - / _l_ . .
0 02 O'TH ?'6 08 1™ K, shapes are checked! ~ © 02 04 06 08 1
o H | J
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D% — wnr®
36114 signal events
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g |
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Stat. significance = 4.1c
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So we fit to the n region only as well

0 0
- but without the requirement D* — nn* D" — nn
on the |Hy]. — 807256118 signal events «— 20p 68110 signal events
L Qo
> 60/ 15|
©) I Q) I
S | S
8 40f 8 10l
S s
2 20 £ sf
() I () i
gLt g Ll .
O e prrrnnazeesesaes sy - O R L:wmel | lll ‘ l
0.52 0.54 0.56 0.58 0.52 0.54 0.56 0.58
M, (GeV/c?) M, (GeV/c®)
Decay mode This work PDG value Res u Its

Dt — wrt (2744 0.58 £0.17) x 107% < 3.4 x 10~* at 90% C.L.
D% — wr® (1.05£0.41 £0.09) x 10~% < 2.6 x 10=* at 90% C.L.
Dt — nrt (3.13£0.2240.19) x 1073 (3.534+£0.21) x 103
DY — ¥ (0.67 +£0.10£0.05) x 10=3  (0.68 +0.07) x 103

\—_ _J
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Ds* hadronic decays

For today,
Ds*—nX
and
Ds* = n p*

This is based on the sample taken at
Ecm =4.009 GeV

(Accumulated luminosity = 482 pb)

\—_ _J
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BF(Ds*— n’X) and BF(Ds* — n’p™)

- The situation is rather interesting
Sum|[ BF(Ds* — n’ + exclusive in PDG)] = (18.6%£2.3)%, while
BF(Ds* — n’ X) =(11.7+1.8)% (CLEO-c @ E.n~4.170 GeV PRD79, 112008).

- In the exclusives, the single largest BF is
BF(Ds* — n’p*) = (12.5+2.2)% (CLEO2 @ E.n~My(s),PRD58, 052002(1998))
However, CLEO-c reports (@ E.n~4.170 GeV; PRD88,032009(2013))
BF(Ds* — n’ m*n%inclusive) = (5.610.5+0.6)%.

- A factorization method predicts
BF(Ds* — n’p*) = (3.020.5)% (F.S. Yu, et al, PRD84, 074019 (2011)).

- We can use our “Ecm = 4.009 GeV” data to measure these BFs.
wWe’ll employ

the Double Tag method for BF(Ds*— n’X) analysis

and the Single Tag method for BF(Ds* — n’p*) analysis.
— _J
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The tag side

- Reconstruct these 9 tag modes.
- Cutting on AE and fit to Mgc.

- Fit with
MC-based signal shapes

CHARM 2015

MAY/2015 25
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and ARGUS bkg functions. w0} KK

300F
200f
100F

300F O+ - -
EDS_> KK
200

100}

Events / 1 MeV/c?

2000

2000

1000F

D, K'K'w

2000 F - - .
D.— K'K'w'n®
1500}

1000 |
500

1000}

L D,—

300

200

100

100k Ds T My,

S0

194 196 198 2

1500 D —

1000

500F

2000
1500
1000

500F

194 196 198 2
My (GeV/c?)

194 196 198 2
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The signal side: Ds*— n'X

n’— nre'm, n — yy
Take the smallest | M(ntrn) - M(R’) | if multiple candidates
=>» bkg in M(rtitn) tends to peak. It also peaks due to mis-reconstructed Ds.

Fit to a 2D; M(mttn) vs Mgc, where
My is the tag side beam-constrained mass.

Mac : MC-based signal shape and ARGUS background function.
M(mrtrtn): MC-based signal shape
BKG = polynomial + 2 Gaussians (center fixed at M(PDG)).

T ' T ' T ' T C T ' T ' T ' T
100 — —
—total 4 80 B — total 7
o i --ST+nonn | L --ST +nonun |
% . + + + + —non-ST % 3 i —non-ST
0
| iammche VI
2 o + + F 1 e 40|
c - 4 < -
[} + )
> i > -
L L -
20
Y SIGNAL = 68114 events | -
0 | . Lot ey . | 0 Lo oo Sy [—— E—— |
1.94 1.96 1.98 2 0.92 0.94 0.96 0.98 1 1.0
Mg (GeV/c?) M@, (GeV/c?)

\
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Single TAG: Ds*— n’p”*

- Due to the limited statistics, we’ll do the Singe Tag method.
- Require
- 0.943<M(nntn)<0.973 (roughly +30)
- |M(rt*r®) - M(p)|<0.170 GeV/c?
- | AE| be consistent with zero (~-4+30)
- Goal: obtain BF(Ds* — n’p*)/BF(Ds* — K*Kmt*)
And use BF(Ds* = K*K't*) as a reference mode.

- Use the helicity angle of p* to separate
Dst — n’rt*nt® (3 body) from Ds* — n’p* (2 body).

> D" — n'p+ . Coszehelicity

_ "Ds'—n'm n? : independent of cosOheiicity
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2D fit : Mgc vs cOSOhelicity

Megc : SIGNAL = MC-based shapes, BKG = ARGUS bkg function.
€0SOhelicity: SIGNAL = MC-based shapes,

non-Ds Background = the shape is FIXed based on sidebands of Mzc
(1.932<|V|Bc<1.950 and 1.988<Mpgc <1.997 GEV/CZ).

Large.. :
The DT method would be a help, :
if we have more stat..

Ds* > n'pt = 210+50 events ,f

200 ——— , | , Ds* > n'mt"n” = 13._56 e',vents , | , | —
o 150 - 60
> S
= s
<100 - £ 40
2 & I
c >
0>.) . ' : L
" 50|~ Projection onto cosBheiicity 41 20

w/ 1.960<Ms <1.980 GeV/c?. 3
"""""""""""""""" [ 0
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Systematics

Source B(DS - n'X) B(DI —npt)
MDC track reconstruction 2.0

PID 2.0 3.0
w0 detection 2.8
n detection 2.7 3.5
AFE requirement 1.0 1.4
M (N7 ryy) Tequirement 2.0
M (13 rry) backgrounds 1.5

Peaking backgrounds in ST 0.3

Mpc signal shape 1.0 0.6
Mpc fit range 1.7 0.5
Uncertainty of efficiency 1.6 0.5
Quoted branching fractions 1.7 3.8
Total 5.3 7.1

1t reconstruction uncertainty is estimated from DT D°D°, D° — K-rt*rt® in each p bins.
The disagreement between data/MC is assumed to be the same for n.

BF(n’p) error is dominated by BF(Ds* — K*K'mt*) from CLEO-c (PRD88, 032009(2013)).

Also looked at sidebands of M(rt*rt®) and M(mt*rtn) and saw
no yields of “Ds™ in Mgc.

=» indicates possible non-resonant processes like Ds* = t*rni'np* is negligible.

\
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Results

-BF(Ds*— n’ X) = (8.811.8+0.5)%, consistent with
PDG =(11.7%11.7+0.7)% within ~10.

-BF(Ds* — n’p*)/BF(Ds* — K*K'rt*) = 1.0410.25+0.07 or
BF(Ds* — n’p*) = (5.811.4+0.4)%
PDG =(12.5%£2.2)% from PDG,
confirming the CLEO-c result,
BF(Ds* — n’ m*nt%inclusive) = (5.610.5+0.6)%
(CLEO-c:PRD88,032009(2013)).

-Also set UL @ 90%CL.:
BF(Ds* — n’rt'n® non-resonant) < 5.1%
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Summary

- Our preliminary results on oons(ete” DD) at Ecm = 3.773 GeV
are consistent with the CLEO-c results.

- Oobs(e’e DI5) line shape in the vicinity of Ecm = 3.770 GeV
is not a consistent with a single BW form.
Followed the KEDR procedure and obtained a consistent
result, the higher mass of {(3770).

- Presented the first observation of SCSD, D — wmn.

- Measured BF(Ds* — n’ X) and BF(Ds* — n’p*) which solved
the self-consistent problem within the PDG and
confirmed the latest CLEO-c measurements.
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~ Other results from B&SII A

- SCDS: D° — 1°r® (arXiv:1505.03087)

- Quantum-Correlated analyses:
(see Onur Albayrak’s talk at this workshop)

» DO o Ksmtrre
> the ycp measurement

- Amplitude analysis in D® — KsK*K-
(see Peter Weidenkaff’s talk at this workshop).

- Strong phase difference in D° — K't* (PLB 734, 227 (2014))

- Amplitude analysis in D* — Ksrt'n®
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Backups
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> The observed cross section, oobs(W) at Ecn = W is given by;
Oobs(W) = [ zpp(W’,X) X Oborn(W’,X) % Fisr(W’?,x) x G(W,W’) dW’dx
—x=1-(W/W)?
—2zpp : Coulomb interaction (Sommerfeld-Sakharov factor)
—Fisr(W’2,x) : The ISR radiator (E.A. Kuraev and V.S. Fadin)
—G(W,W’) : Beam energy spread (Gaussian)

—0born(W’,X) : Born level cross section of DD

> Mos (W) = (M/W) x [%3770) x BF()(3770)—DD) x
[zpooo(W)-dposo(W)+ zp+p-(W)-dp+p-(W)]/
[zpooo(M)-dpobo(M)+ zp+p-(M)-dp+p-(M)],

where d « pp3 in the Y(3770) center-of-mass system

is the Blatt-Weisskopf damping factor.




