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Motivation

- - + _F 0_0
Recoils = n'n ,K'K ,K n",n'n,K.K,

X ..=JIp,h.,p(2S)...

. Provide a complementary to previous exclusive analyses.

. Search for new Y-state decays
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DATA & Monte Carlo samples

. BESIII Software : Boss Version 7.0.3

. Monte Carlo Sample : 25k events simulated for every channel.
Generator : “ConExc”

. DATA Sample : 19 XYZ energy points between 4.18 and 4.6 GeV
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Selection Criteria

Charged tracks selection (Pions & Kaons) :

! [V, |<10cm [V |<1.0cm
- T " PID(n)>PID(K,p)
w PID(K)>PID (=, p)
P<2GeV
. Neutral Candidates selection :
|cos0|<0.8> E, ., >25 MeV 0<TDC<14
0.86<|cos0]<0.92 2 E,,.,,>50 MeV 100<M (y y)<160 MeV /c* A(Q)>10°
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Monte Carlo Simulation

. Missing mass recoiling against (RR ) :

ete >J/ynn e'e dhn' n” e'e dY(2S)n"n”
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Analysis of e'e »J/yn' n

. J/Y in the missing mass recoiling against T* 1T~
. In 12 energy points

@ 4.23 GeV @ 4.246 GeV
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Analysis of e'¢ 2h.n' n

h_in the missing mass recoiling against TT*Tt"
In 14 energy points

@ 4.26 GeV

A
| = 352519 +0.00036
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Analysis of e"e Y (2S)n 1

. Y(2S) in the missing mass recoiling against TU*TT~
. In 9 energy points

@ 4.36 GeV @ 4.42 GeV
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Born Cross section & ISR correction factor-1

(Reminder-Last Collaboration Meeting)

*  The Born cross section is given by:

. Nsig N*: Number of signal events
o orn:L—(1+6) L, Integrated luminosity
. €K
integrated P € : Selection efficiency
K : ISR correction factor
« ISR correction factor : (1+8,p) : VP correction factor
N:L.[W(X)O(X)E(X)dx W(X) : Radiator function
X:EE_Y: Fractional energy carried by ISR photons
_ o(x) e(x) om
K—.r W (x) o, ¢ & o, : Cross section at a fixed energy
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Born Cross section & ISR correction factor-1

(Reminder-Last Collaboration Meeting)

*  The Born cross section is given by:

e e —— 60

Born _ N 9 f ’
0
Lintegrured €K ( 1+ 6VP) “°

. ISR correction factor :

48
is (GeV)

K=IW(X) Oé:)eg)dx iL

1- The line shape of the observed cross section is used to compute K
2- ¢(x)is constant (No 4C Kinematic fit applied)
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Analysis of e'e dh.n 1

(Reminder-Last Collaboration Meeting)

. Energy dependent dressed cross section: Inclusive measurements fitted with the
coherent sum of two Breit-Wigner & exponential (In Red).

. Compared to the exclusive measurements of BAM-00183.

Y (4220)
Waro =4231.8+2.99 MeV/ c*
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Analysis of e'e 2 J/yn'n

(Reminder-Last Collaboration Meeting)

Energy dependent dressed cross section: Inclusive measurements fitted with
the coherent sum of two Breit-Wigner & exponential (In Red).

Compared to the exclusive measurements of BAM-00214 (In green).
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Analysis of e'e 2 J/yn'n

(Reminder-Last Collaboration Meeting)

Energy dependent dressed cross section: Inclusive measurements fitted with
the coherent sum of two Breit-Wigner & exponential (In Red).

Compared to the exclusive measurements of BAM-00214 (In green).

5 120
& : ———e——  XYZ BESIII DATA : Inclusive Analysis
gb 100 — ——e——  XYZBESIII DATA : Exclusive Analysis (BAM-00214)
80 o= Fit curve : Inclusive Analysis
60—
= BAM-00214
40— Y (4220)
= Wappo =4223.7 £3.2 MeV [ ¢*
20— T4 =43.1+4.1 MeV
B .
i A AR A AN L | TN P i
Uies 4.2 4.25‘ : ‘4.3‘ : 4.35 ‘ 4.4‘ 4.45 4.5 4.55 4.6 Y (43?£) 2
IS(GeV) 0 =4318.6"5,MeV /c

+22.7

T 4320=95.7"150 MeV

Simon Nakhoul |Inclusive production of Charmonium mesons abov



Analysis of e ' e >J/ ) J'E+ T : Reconstruction efficiency

. Input cross section for ConExc : Flat cross section Vs BABAR Y(4260) vs BESIII Y(4260)shape
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Analysis of €+ e >J/ ) J'E+ T : Observed Cross section

. Input ConExc cross section : Flat cross section Vs BABAR Y(4260) Vs BESIII Y(4260) line shape

. Observed Cross sections for different inputs
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Born Cross section & ISR correction factor -2

sig
Born _ N

- Linlegrared 6( 1+ 6ISR ) (1 +6VP)

START

Initial Cross section input

v

o

Simulation Via CONEXC

v

VP factor * ISR factor
selection efficiency

BESIII Cross Sections
e'e »J/yn'n BAM-0214
e'e”>h.n'n” BAM-0183
BABAR Cross Sections
e'e” »¢(1020)K'K "

BESIII DATA

v

v

Until Converged
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Analysis of e'e dh.n 1

. Energy dependent dressed cross section: Inclusive measurements fitted with
the coherent sum of two Breit-Wigner & exponential (In Red).

. Compared to the exclusive measurements of BAM-00214 (In green).
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Analysis of e'e Hh.n 7

. Born Cross section measured using the recoils mass technique for 19 energy points

S
b= N L Vs MeV) [ e(%) | N, | frsefvp | %" (pb) |
Linegrae € fisafve 1180 1127 | 14301 £ 1833 | 0.843 | 12.10 £ 1.32
4190 48.00 | 4061 = 661 0.787 | 20.59+ 2.65
4200 46.98 | 8213 £ 3693 | 0.805 | 41.454 15.02
4210 44.04 | 4609 + 2052 | 0.874 | 23.854 13.11
4220 16.05 | 7438 + 842 0.801 | 39.64+ 3.64
4230 45.42 | 19926 & 2777 | 0.794 | 50.54% 5.64
4237 47.20 | 11399 + 1757 0.824 55.40+ 7.09
4246 44.83 10392+ 1087 0.868 50.12+ 4.63
4260 40.06 | 10899+ 1232 | 0.924 | 35.50+ 3.76
4270 39.70 | 7292+ 736 0.980 | 35.39+ 3.57
1280 43.14 | 1610+ 490 1011 | 21.02% 6.48
4310 4417 | 1078+ 439 0.830 | 65.16: 22.06
4360 4141 | 822749890 | 0.955 | 38.234 43.91
4390 42.95 | 1106+ 307 0.005 | 5117+ 12.88
1420 39.52 | 15970 = 1422 | 1.005 | 36.854 3.375
4470 18.35 | 207800 2.443 | 4.15+ 39.243
4530 2601 | 2304456 1678 | 4.69+ 15.63
4575 24.51 934200 1707 | 4.54% 16.67
fISR fVP > g 4600 3.57 156 + 32 128.38 | 0.03+ 2.45
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Analysis of e'e 2 J/yn'n

Energy dependent dressed cross section: Inclusive measurements fitted with
the coherent sum of two Breit-Wigner & exponential (In Red).

Compared to the exclusive measurements of BAM-00214 (In green).
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Analysis of e'e 2 J/yn'n

. Energy dependent dressed cross section: Inclusive measurements fitted with
the coherent sum of two Breit-Wigner & exponential (In Red).

@4.31 DATA: &6 > Jiy m° 7 Still working on a
. Compared to the exclusive me % better fit
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Analysis of e'e 2 J/yn'n

. Born Cross section for 19 energy points

Born _ stg
0O =—/——— | Vs (MeV) H (%) ‘ N, | fisefve | aBori(pb) |

—l IS0 [ 5L24 | L0GOOL 15828 | 0.845 | 7.78 = 1156
4190 | 5219 | 2722+ 2065 | 0798 | 1251 + 9.49
4200 | 55.36 | 4732£866 | 0.772 | 2111 £ 3.87

4210 | 5672 | 9547803 | 0751 | 43.78 + 3.7
4220 | 55.93 | 12808+ 787 | 0.760 | 50.28 + 3.77
4230 | 5242 | 35786+ 1091 | 0771 | 8104 + 277

4237 | 5198 | 188354767 | 0.809 | 84.62 + 3.72

4246 | 5010 | 175234758 | 0.843 | 77.79 +3.62

4260 | 47.10 | 20021+ 1068 | 0.886 | 60.49 +3.24
4270 | 4471 | 11530& 748 | 0933 | 5216 £ 3.55
4280 | 4357 | 2495 £327 | 0970 | 33.62 + 445

4310 | 3905 | 449+284 | 1059 | 240741523

4360 | 3001 | 4037 £671 | L1091 | 17.43+2.91

4390 | 3278 | 253455 1273 | 10.90+2.38

4420 | 1827 | 12354863 | 2512 | 246+ 172

470 | 3640 | 4204259 1114 | 9314574

4530 | 2886 | 205451 1459 | 433+ 108

4575 | 4076 | 2284147 1041 | 10.97+7.08
frspfvp=> —pp 1600 | 874 | s7az699 50.34 | 0.028 £ 0.02
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. + - + -
Ana1y31s of e e ')hCJ'C JU . Systematic Uncertainties

. 1% for Luminosity
. 1% for every charged track reconstructed = 2%

. Background shape : Nominal fit (f3) a 3™ order Chebyshev polynomial
- fitting the background with (f2) a 2™ and (f4) a 4™ order chebyshev polynomial.
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. + - T
Al‘laIYSlS of e e ')hCJ'C JU  : Systematic Uncertainties

1% for Luminosity

1% for every charged track reconstructed = 2%

Background shape : Nominal fit (f3) a 3™ order Chebyshev polynomial

- fitting the background with (f2) a 2™ and (f4) a 4™ order chebyshev polynomial

No hc observation

@460GeV:e's > h 1

50.= 0.14586 £0.00092
b= 000113 £ 000079
b2.= 000035 £ 000076

E

3%

1 1
AN=—3[N; —N|=5(N; - N,

@46GeVee Sh

ca = 4660214 22283

b0 = 0.14586 + 000092 20000
4 b1 = 0.00084 + 000090 E
52 000020 + 000077
10000 b3 =-0.000668 + 0.00081 b
T L E R v |
MM, , Gevic' =

+|Np =N )

@4.6GeV:e'e >h T

o = 668464 + 2313
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. + - + -
Al‘laIYSlS of e e ')hCJ'E JU  : Systematic Uncertainties

. 1% for Luminosity
. 1% for every charged track reconstructed = 2%

. Fit Window : Nominal fit Window (W1) [4.45,4.6]
- Fit window (W2) [4.48,4.57]

1
ANw:HZ NWl_NW1|:|NW1_NW2

@4.23GeV ze'e >hw i @423GeV e'e >h

Events/(00015)

= 352512 +0.00028 AI\IW
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N = 10017947 4502 " Nova= 6020697 3006 w1
Ny = 19926 +2777 1 Mo = 19883 + 1222
w
w1 =-0.005413 + o W2 b0 = -0.004908 £ 000070
b1 =-0.008850 + 000060 120005500 : 00065
15 b2= 0.00102 +0.00046 b b2 = -0.000750 + 0.00059
2
E I - w1 F R R RN N g
i, Goviet Wi, Govi

@4.26GeV ze'e >hom : @426GeViie'e > w

Events /(00015)

AN 91 %
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3
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Analysis of e'e HJ/YK 'K~

. J/Y in the missing mass recoiling against K*K'
. In 6 energy points

@ 4.23 GeV @ 4.26 GeV
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Analysis of e"e 2(1020)K' K

. ¢(1020) in the missing mass recoiling against KK
. In 15 energy points

@ 4.22 GeV @ 4.28 GeV
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Analysis of e'e ¢(1020) K" K

. Energy dependent Born cross section of e+ e~ (I) (1020) K * K after 1* iteration

o5 (nb)

+ —&—— XYZ BESIII DATA : Inclusive Analysis

Fit curve : Inclusive Analysis
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1 = o e el ) S e e e
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Analysis of e"e 2¢(1020) K"K

. Born Cross section measured for 19 energy points

sig
OBW”=N7 [ Vs (MeV) T (%) N frsrfve | a%o{(pb) |

Liegroea € [ 15 ve 180 || 2138 | 8676 =575 | 1271 | 8.85 = 0.62
4190 || 2470 | 969 + 159 | 1269 | 5.91 +0.98
4200 || 25.42 | 1350 £ 162 | 1271 | 7.97£0.97
4210 || 2447 | 8954143 | 1269 | 5.60 + 0.90
4220 | 2450 | 951+ 162 | 127 | 6.00 = 1.03
4230 || 2403 | 2438+ 226 | 126 | 7.33 - 0.60
4237 24.87 1060+ 147 1.25 6.43 + 0.90
4246 25.81 998 + 122 1.24 5.84 +£0.72
4260 22.63 | 1719 + 184 1.45 6.28 + 0.68
4270 22.41 1335 =172 1.36 8.23 + 1.08
4280 || 1963 | 330+ 78 | 152 | 4.69 = 4.86
4310 4.39 18 + 17 2.19 4.14 + 3.93
4360 || 2172 | 898144 140 | 5.39 + 087
4300 || 2597 | 32433 | 113 | 0.19+020
4120 || 31.97 | 1520+ 192 | 117 | 3.70 + 0.47
4170 || 14.08 | 148 £60 | 200 | 452 = 1.83
4530 | 1246 | 0+ 59 2.09 0
4575 6.04 | 0+ 27 469 0
4600 5.95 | 488+ 89 | 486 | 0.28 +0.05
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Analysis of e'¢ 2 XKn

K*(892) & D° in the invariant mass of (K pi)

Invariant Mass (n K) -

=10°
L 700/ h
3 Entries  1.512136e+07
= - 1.05
2 600 AMS 0.3317
3
& m
5 500—
400 —
300 —
200
100
| | I I I TN e -
B 0.8 1 12 14 16 18 2 2.2 24
1M, ., GeVic
K*(892) o
- 3 om0
& H “.,
< < gom,
H H Myq = 109611 481
- & So00] b0 = -0.09818 + 0.0051
\
4000 \
010
" i .
| Myg = 1400811 + 5138
s assues spomes gl | etk

T 9
M, DV




Analysis of e'e 2 X Kn BEST::

3 sigmas around

MM recoiling against (k pi) VS IM of (K pi)

MM Vs IM
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4.756143e+07
1.828

1.838
0.07153
0.07133

Simon Nakhoul |Inclusive production of Charmonium mesons above 4 GeV



Analysis of ¢ ¢ 3D’ D_O[K )

. D in the missing mass recoiling against D [kpi]

@ 4.23 GeV @ 4.246 GeV
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Analysis of ¢'e D" D_O[Kn]

. D* in the missing mass recoiling against D[Kpi ]

@ 4.230 GeV @ 4.246 GeV
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Outlook - Future Plans

. Inclusive Energy dependent cross sections :

- For all decay channels
- Finalizing the systematic uncertainty studies

. Selection criteria

- Large amount of background — Cuts optimization
- Background study/subtraction

. Recoils
- Semi inclusive analysis
2 o 22 2atn omat
K'K~ KK, n°K'K™ yk*
K'nm Kx® "M
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Thank You

For Your Attention



+ S + -
Analysis of ¢ @ onlab]

e'e 3J/YK'K~

Lack of (psi pi+ pi-) and (J/psi K+ K-) observations - cannot rely on fixing the MC parameters for
some energy points

- Introduces huge inconsistency

In the exclusive analysis:
Cross section = 0.75 pb

@4.31 GeV :: e'e -> jpsi K" K/
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