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1.Motivation

* 1. Vector states above open-charm threshold are not fully

understood. Vector charmonium-like, Y(4260), Y(4360), only DD + N DD

observed in hidden charm channel, different with conventional L JM% Belle 104 w ’%g : SABR

charmonium. The coupling with open-charm channels is key to 0 ;me) . 0 5 t“’\’*'-u

understand all the charmonium. 5.0 g' P Be“e 5.0 g, ; BABAR
. % % . 2.5 i 2.5 : :

* 2.Belle measured the cross section of e*e — DUD™ with ISR, but 0 __’ "'Mn-wu o_ﬁms&am
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FIG. 2. The exclusive cross sections for (a) ete™ — D*TD*~

and (b) eTe” — DTD*",



2. Analysis strategy

* Only reconstruct D™+, via D** - m*D°, D° - K-1t*

Then, the D™ signals are searched for in the D** recoil mass spectra
The mass of (K-mt*) is constrained to mass D°

Only a combination of (r*K-1t*) with minimum x? is kept for further study.
Using two dimensional (2D) fit to extract the number of signal events.
( With the same method, the D signals are also searched for in the D** recoil mass spectra. )




3. Data sets
All the xyz data samples above 4.02 GeV.

* MC samples are generated with
ConExc (ISR is contained)

e each MC sample contains 200,000
events

e BOSS version: 703 && 704

BOSS | Energy | Luminosity | Energy | Luminosity

(GeV) (pb-1) (GeV) (pb-1)

703 4180 3160 4280 175.7
4190 566.23 4360 543.9
4200 525.2 4420 1043.9
4210 572.15 4600 586.9
4220 568.0 4090 52.86
4230 1100.94 4310 45.08
4237 530.0 4390 55.57
4246 538.1 4470 111.09
4260 828.4 4530 112.12
4270 531.1 4575 48.93

704 4130 400 4340 500
4160 400 4380 500
4290 500 4400 500
4315 500 4440 570
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4.Event Selection

At least three good charged tracks in final states.

Charged tracks:
Rxy < 1cm,[Rz [< 10cm; |cosB]| < 0.93;
5000
o, 4500
Use momentum and PID to separate the m, and i, = 4000
n.: P,..<0.3 && ( Prob,>Proby) && (Prob, > 0.001) oo
e 0}
Ky: Ppgc>0.3 &&(Probg>Prob;)&&(Probg>0.001) S gggg
o
Ty Ppge>0.3 && (Prob>Proby) && (Prob,;>0.001) 2 1500
® 1000
Ny, 21 Ny, =21 Ng, =1 i 500
0
kinematic fit:
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The mass of the combination of (K-1t*) with the higher momentum is constrained to mass D°

Only a combination of (K mt*) with minimum y? is kept for further study
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2-D distribution of M(rt*DY) and RM(rt*D®) for data sample at each energy point
D+

D*
80 F Nt g
= o, 100 it t o 1000 ¢ e + w.  f #
g 70 § F Data g 700 § r Data g r -;’1000 u Data
o 60 © 80F © [} L © 800 - D r
2 & s8op 4090 & 600 } G 80or 4130 G L R G800l 4160
@ 50 o © 500 + o I 9 eook- + o [
g 8 o0 g B 600 g 2 00f
g 4 S | S 400 . S | S S hadt
o o L o o r o . o F
3 30 % 40 3 300 @ 400 [~ . . 3 400 - + Fa0of .
c 2 c [ < 200 P c r c N + . c F * .
@ (3] @ (3] @ (5] .
20[- £ 200|- . 2200 A = 200}
D 10 o “F ‘ @i 100 1 T :'. et LA i 2007 .'. . ',
05— qi .......... 0 E et N q’ ....... 0l Y q-—.ﬁ A
2 8 2 /005 24 215 2.2 2 2005 2.01 2015 2.02 2.025 203 BI85 10195 2 205 21 215 2.2 2 2005 2.01 2015 2.02 2.025 2.03 B 16510195 2 205 21215 22
M(n*DD) (GeWc?) AM(r'D°) (GeV/c?) M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?) M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?)
e ; F 1200 r
8000 & . E . F F F
o « 9000 & « 12000 + o 1400 - + o . + ~ 1200 - ¢
Lro00 = SoooE Data 5‘21 f: 2 o00k Data Sto00- SF Data
E E o C [} £ ] L 1000 -
&pooo ; . 870005 « 4180 3 & A Sro00f * 4190 G a0 ' L + 4200
goo: g g oo : * g
Spooo = gggg 3 S 600} S S 600F S 600
000 = * @ E ] S E . $ 600F » S L ¢+ 4 F .
- 000 2400 2t 2 400 . 2 400f-
%OUD E * '33 E . . c F I T 400F » c [ T 400 N
i B Fo0E . . S 200 . Soob o S 200 . S0l .
Ehooo - AR Whooo SN W= / waooe =, e = PN e T
£ ! 4 C ! = Fo | 1 C ! ~ P e Al I
0, 72005 201 2015 2.02 2025 2.03 08165 1.0 195 2 205 21 2.15 2.2 0, 72005 201 2,015 2.02 2.025 2.03 98785 18 195 2 205 21 215 2.2 05,5005 2.01 2015 2.02 2025 203 98785 1.9 195 2 205 21 2.15 2.2
M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?) M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?) M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?)
Mt ' o O ' o, 20 ' o 700} } «, 1600 ' o 1000f 4
g e § e ' Data g 800 § 600;— 4 Data §1400 § 3 Data
I Y CE 4210 CPriy ' & 5005 4220 1200 . S0 4230
- L 600 E
9 600~ © 600 Q t o f 1000 + 800k
=R St 3 500 S 400 F 3 gO00F  #
< r < F < 400 < F < 800 < L
© 400 - » © 400 * = © 3001 + S e00 S 400F + o
£ | ' g © ' £ 300 ' o0l " £ ** 20 ¢
L - E L *
@ 2000 .t 200 ¢ . @ 200 . N . g 400 . Lo00 e .,
L L Y L L .t . o’.‘ TN ; 0‘ LU‘IOO:— . P W 200 ; . i) r : . . ‘e
Ainn Al LhiniAs, (W T ., B | . - S T 'y, A Al SN = . S DI PRI IR, b
0, 2005 201 2015 2.02 2025 2.03 0% 76519 195 2 205 21 2.5 22 0,"2.005 201 2015 2,02 2025 2.03 98 165 1.9 195 2 205 21 2.15 22 02005 201 2015 2.02 2025 2.03 9% 1.85 1.9 195 2 205 21 2.15 2.2
M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?) M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?) M(r*D%) (GeV/c?) RM(r'D°) (GeV/c?)
r F 300 F
oy, 600 t o, 300F % 500k t w |t op 800 ool
: E L 500 o f L
S _F S ook , Dua >0 > 250(- Data > 700 =I: Data
8 500 B 20¢ } 4237 & a0 t 8 F } } 4246 CD 600 G400f 4260
E + F + P L o 200 © F ++
€ 400 - ©200p 4 o t BF t o 500 w0 300
[=] E + D E S 3000 S E & 300 +
S £ = F S S 150 O 400 <] b
> 300 S 150 = = =P ¥
= E 4 =4 F + @ 200 + 7.51001 u:300 & 200
8200 g Bof t 20 ’ £100f + 2%
GC) E 5 F ’ + 3100: b/ g 50: + [} +”* GJQUU 2100_—
> c L} > r C L - N
& 1005 A & s 2 2 .\N“ @ 0 o SoF et u’ww T 100 @
£ N f‘ o = L ‘""M"h e A Nater® | '!""b . L oo i+ S S PR B i
b 008 2.01 015 202 2025 203 08 18519 195 2 205 21215 2.2 2 2005 2.01 2015 2.02 2.025 2.03 0% 18519 195 2 205 212 15 22 0y 2005 201 2015 2.02 2025 2.03 0818519 195 2 205 21 2.5 2.2

M(xD°) (GeV/c?) RM(r'D°) (GeV/c?) M(nD°) (GeV/c?) RM(r'D°) (GeV/c?) M(nD°) (GeV/c?) RM(r'D°) (GeV/c?)



2-D distribution
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2-D distribution of M(rt*DY) and RM(rt*D®) for data sample at each energy point
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Further events selection

. )(2 distribution and D° mass distribution
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* The signal processes:

ete” - , Dt 5 7tDY DY 5 K—nt

ete™ - , Dt 5 gtDY DY 5 K—nt

* The possible background processes:

+ — x+ N0 .. — * -+ + N0 0 — T .
ete” > D" D°n~, D** > x*D% D' > Km } conjugated

ete” > D" Dzt DO s Knt

+ - D*+ D~ 0 D*+ +D0 DO K~ + .
©e - e } conjugated

(ete™ —» D*~ Dt efficiency ~0.001% , neglect)

ete” > D" D, D" > g*tD? DO 5 K—n*

ete” - D" D%zt D*0 5 DOxY DY - K~m™* (smooth)
ete” - D*VD*Y

ete" > D Dzt DY 5 K nt

+

ete” > D Dxt,D*® - D% D° - K~ " (smooth)

conjugated
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Background analysis for inclusive MC sample at 4.42 GeV
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Background analysis for inclusive MC sample at 4.42 GeV
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6. 2-D fit method

Use the 2-d MC distribution and Argus X Chebyshev functions to fit the M(D"* ) and RM(D"*)
2-d mass spectra.

Signal components: D't D- + D"+ D™

Peaking background components: D**D%z~ + D* D%zt + D* D n®+ D D%t + DO D™

Smooth background components: use Argus function to fit M(D"* ) and use Chebyshev
function to fit RM(D"* ), then, generate 2-D PDF with Argus X Chebyshev .
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6. 2-D fit method
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6. 2-D fit method
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2D fit for XYZ data samples

1. Use 1-D MC distribution of M(* D° ) convoluted
with Gaussion function to fit the 1-D mass

D*D* MC correction D**D- MC correction distribution of (m* D ) to get the sigma of Gaussion
function(only the signal components).

s 1 LTy The sigma of Gaussion function describes the
= +Data - g [ *Data R . 1 . . . .
Sw B "D ENNE P oD 1 distribution difference between MC and Data.
é ~Slg sigma=0.0001894 +0.0000143 é C ~8ig sigma=0.0001943 +0.0000145 .
00 chi2indf=202.85/185.00=1.0 =5 chi2indf=234.23/185.00=1.27 2. MC correction: for each event of MC Sample, generate
mp 4420 S = aset of random numbers following Gaussion
- = distribution(mean=0).
S - Aammeneessees. 3 Use the 2-D mass distribution (after MC

2,01 2012 2,014 2.01

A 006
M(x'D°) (GeVic?) M(2'D°) (GeV/c?)

correction) to generate a PDF to fit the 2-D mass
distribution of data sample.
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Test 2-D fit with inclusive MC sample at 4.42 GeV

Mode
D**D*~
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|
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Fitting result
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events.
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2D fit for XYZ data samples
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2D fit for XYZ data samples
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2D fit for XYZ data samples
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c(e*e->D*D ) (nb)

*

o(e‘e->D*D) (nb)

3.5F

25

/.Cross section measurement

gBorn — Nobs
l LintBE(fVP>< fisr)
b 'l
thy ‘{ 11 + Belle
: { ’ LBESHI fvp X fisr is obtained by ConExc
[ [
o Samples Energy (GeV) Luminosity (pb )| fve x fisr efficiency Number(D*D*”)  o(D**D*") |fve x fisr efficiency Number(D*"D~) o(D*7D")
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C . l _ 4340 43374 500.00 1.008 0172 199853 £ 4898 867.10+21.25 | L1072 0228 1163.22 + 37.02 358.14 + 11.40
B | { 4360 43583 543.90 0.006 0183 251853 +£53.00 054.04 +2042 | 1.005  0.234  1295.17 + 30.07 349.47 + 10.54
C l % l 4380 43774 500.00 1000 0185 243132 +53.32 08149+ 2152 | 1048 0234  1223.90 + 37.55 374.95 + 11.50
C | T 4390 4.3874 55.57 1017 0196  321.124+19.13  1091.91 +65.05| 1104  0.243  127.31 +£12.19 320.66 + 30.70
C [ s {f 4400 43064 500.00 1034 0186 250757 £54.04 0R0.24 £ 2112 | 1039 0241 113456 £ 36.52 341.34 + 10.99
B Hlm{[ o . 4420 44156 1043.90 1.068 0165 480527 £ 76.88 099.10 £ 1569 | 1100 0216 2601.65 £ 55.44 3090.68 + 8.33
C Fiia 1 } 4440 14362 570.00 1122 0190 226396 +53.00 698.72+16.39 | 1.025  0.252  1401.83 + 40.21 357.92 + 10.27
C { f fﬂ §§.'§f§§§¥ {'*i b B 4470 44671 111.09 1207 0191 31600 +20.14 46265+ 2049 | 1123 0.244  283.36 + 1857 350.00 + 22.94
ol AR PR R AR s & 2 4530 45271 112.12 1084 0208 26523+ 1844 30426+27.41 | 1133 0255  250.05 +17.33 300.79 + 20.12
3.8 4 4.2 4.4 4.6 4.8 5 4575 45745 18.93 1100 0214 14390 +£13.10 46513 £4234 | L1138 0262 7351 £9.12 180.08 + 23.46
4600 45995 586.90 1120 0148 147280 £42.74 57053 = 1656 | L1142 0217 1073.94 + 3520 277.61 + 0.12

E.m (GeV)




8.Summary

Born cross section ofete™ - D**D* " andet*e™ —» D*t* D~ are measured

precisely with 28 xyz data samples at /s=4.09—4.60GeV.
Results of BESIII match well with those of Belle.

To do

* Events selection criteria optimization
* Cross section iteration
* The study of scan data samples

* System uncertainty Thank you for your attention!
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Distribution of Be(fypX fisr)
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