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Direct Production of Hadronic Resonances in e" e~ Annihilations

dominant process: production of vector resonances ( J*¢ = 177) 46
e eTe™ annihilates dominantly into one virtual photon y* with ]55 =17 4 Afasy
. o q o — q h. (3'P,) -m
* virtual photon decays, e. g., into quark-antiquark pair (qg-quarkonium resonance) 4, PNE
* in electromagnetic processes: conservation of P and C parity N @S |[v@s)] —
PC . ) ~ h, (2'P) [ter (2°P))] [z (2°P)
— J©% of resonance restricted to quantum numbers of virtual photon = 2l — [1e0 2P0 ob)
o y'('D,) m(DD
s
= 3. =
S 21
3.4
. JPC = 1-- 3.2
3 1 observed charmonium
@ NR quark model
0-+ -I" 1+- 0++ 1++ 2++

]PC
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Direct Production of Hadronic Resonances in e" e~ Annihilations

supressed: production of C-even resonances (0~1, 0%, 17+ 2%+, )
4.61-
* forbidden via one virtual photon
o A4S
* allowed via eTe™ annihilation into two virtual photons y* or neutral current Z he (3'P,) % B°PY
4.2 v (2°D)] Yeo (3°Po)
N 135y | v @) ]
4
§ h. 2Py | - PG| )
|Xco
& 39 |y m(DD)
~ . v'(2’s)
= o= o o]
he (1) =
3.41- | (R0
— * -
q q Iy (FS))
a e = o—_ 3 3 observed charmonium
18
+ o q q ml NR quark model
& Y e + 0+ i T+ o T+ ot
. . . PC
via two virtual photons y* via neutral current Z° J
Anja Briggemann Observation of ete™ — y.,; at BESIII 3



—___ Universitat
Miinster

Direct Production of Hadronic Resonances in e" e~ Annihilations

supressed: production of C-even resonances (0~1, 0%, 17+ 2%+, )
4.61-
* first theoretical prediction in 1978
. o : - -(4351)
« experimental searches (so far unsuccessful): | most significant signal (2.50) by SND ] 44 @Sy
he 3%y 7., 3°P)] =
7', fo(980), fo(1300), ao(980), f1(1285), x.1(3872), f,(1270), a5 (1320) ‘o peEml o fER
—— \ Y J \ - J \ . ) ~ %(3‘30)"!!'(335”
4
0-* ot+ 1++ 2++ § @I 5 e (2P) xcz(sz)"
. [tee @°Po)
by the ND, SND, CMD-3, and BESIII collaborations & 39 |y B m(DD)
= '2’s)
e direct production provides new approach for studying resonances properties PPN EACEN B A~
. . . ) 2 [ (P | (2 ’@II
e promising candidate to search for at BESIII: ¥4 (1P) a4l | —
e v e 70 3.2}
q q Iy (7s)]
C_I _____ o— (7 3 EI observed charmonium
e + ]/ % NR quark model
e + 0+ i 1 o+t T ot+
via two virtual photons y* via neutral current Z° Jre
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Theory Predictions for Direct y.; Production in e* e~ Annihilations

* cross section of ete™ — y., unknown, but proportional to y.; electronic width T,
4.6\
* theoretical predictions for I',,:
o lower limit based on unitarity: I,, > 0.044 eV 44 n. @'y
e .
0 . - P
o using vector meson dominance model (VDM): I,, = 0.46 eV 4.2 E
: \ L N nES|[vaEs)] .
o more recent calculations using VDM or non-relativistic QCD: I[,, = 0.1 eV = [ho @y @) s (P
— [teo (2°P9)
— ) . ) e ¥D) m(DD)
o latest prediction: I',, = 0.41 eV (+ study provides entire analysis strategy g v(2's)
— . . @Sy |
nd predictions for experimental rch for 3.6
and predictions for experimental search for y.1) = ) o :xﬂ(ﬁpz)
Czyz, Kiihn, Tracz, PRD94, 034033 (2016) il N
*
e” 14 3.2F
A
C_' cl 3 observed charmonium
e + * NR quark model
y 0-+ -I" 1+- 0++ 1++ 2++
via two virtual photons y* Jre
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Experimental Search for y .4 as Proposed by H. Czyz, J. H. Kiihn, S. Tracz (2016)
e prediction accounts for interference between signal and irreducible ISR background processes having same final state

e"e” > xa~>vJ/Pp-oputp) e"e” > yisg(J/Y > ptu) and e"e” > yisri U
B VISR VISR

[SR: initial
state radiation

B(xc1 =2 v//Y) = (343 +1.0)%, B(/Y - utu~) =(5.961+ 0.033)%
* amplitudes and their interference implemented into PHOKHARA'' Monte Carlo (MC) event generator

~ 0.092 ; ~  0.093 : .
I3— 0.0915 i |3_ Omar 4 N\
A 5 F . . + s + Dinin H A
n Ly [ee = 0.04 €V 4o «7i - 1 | depending on the relative

= 0.091 + 59?&?"? ’ ) L) ! = N ) . without Int -+

) J : 9.580157 GeV? < Q% < 9.592621 Gel? oo L By, i bitiey i _ . | c
0.0005 ", e P Z 2 T ? gi0at O T ) .. =0.04eV phase ¢ between Slgnal

AL 4 VB = 351066 GeV s Pt i |and background the cross
QO  0.0895 F L Pedy, + 2 3 MC
h N S P TAIT ot 1 section line Shape o)

) 0.089 - \D) . teg q .o

\— — . M, = 3.51066 GeV’ PSR |
O oosss | o 0088 pod AR LTy Changes Slgnlflca ntly

5 0.088 i i i ‘ s b 0087 * ' : —

0 1 2 3 4 5 6 7 3502 4504 3506 3508 351 3512 3514 3516 3518 342
¢ Js
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Experimental Search for y.; as Proposed by H. Czyz, J. H. Kiihn, S. Tracz (2016)

prediction taking interference (int) between signal (y.1) and irreducible ISR background (ISR BG) into account:

o) - _
* below y.q mass M(x.1): € o022l i M(Xc1)
constructive interference (excess of events) o L I oMC
: ISR BG
* at y., mass: minimal effect, i ~excess : i ...... ofet g + oMC + gME
almost no signal beyond irreducible background 002 .. - (Fe = 0.41 eV, ¢ = 212°)
---------- b
* above y.q mass: :__ 4 oS ug + o1
deconstructive interference (reduction of events) i b no interference
I
* if no interference: largest excess at y.; mass expected 0.018 — i T
= | I
s O paesemmni
— X1 production mainly observable as interference pattern - 1 3 reduction .-
» [ &
I
— signal of up to 75% of the irreducible ISR background 0.016 I
- M(xc1) = (3510.67 + 0.05) MeV™., .
via energy scan in the y.q vicinity BESIII should _.Fto.t(xfl) [ (0841 0.04)) MeV [ |

be able to observe the interference pattern 3.505 3.51 3.515 3.52
Vs (GeV)
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Analysis Strategy at BESIII

* four data points in y.; mass region collected at BESIII in 2017

1 3.5080 181.79 + 0.044,¢ = 1.04
- total integrated luminosity: £i%f = 446 pb™1 stat e

2 3.5097  39.29 + 0.02g + 0.22y6
* uncertainty of center-of-mass energy: AE.,s = £50 keV 3 35104  183.64 £ 0.044; + 1.054,
» energy spread of (736 + 27) keV

4 35146  40.92 + 0.02g + 0.234y,

(. + + N\ —~ - + data € o022 o 1M Xe1)
—_ - (o] | - & o : ,g-MC -
1. searchfore™e™ = x4 2> v(J/Y - u u") § 600 1 e | © - excess T -
2. analyse/ reduce background processes @ i . _W“' o~ 002 .z T i merternce
y / g p 2 400 ._ ----- 1 2 ; orsk nG + oy
3. look for excess or reduction of signal beyond | & - ; o interference
background via invariant mass M,,,, distribu- E 200~ 3 41 ..................
tion of / /1 candidates in all four data sets 2 L % _“reduction
. i . O T Ee Aol 1 - M(x,) = (3510.67 + 0.05) MeV™ -'
4. compare with predicted interference pattern 2 95 3 305 31 3 15 32 325 o) = (0842008 MeY |~ PR, 723001002
\_ J 3.505 3.51 3515 3.52
M,, (GeV/c?) /s (GeV)
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BESIII Experiment (Beijing, China)

e BESIII (Beijing Spectrometer) = detector around the interaction point Q of the symmetric

* center-of-mass energy range of (2.00 - 4.95) GeV

« peak luminosity of 1 - 1033 cm™2s~1

. + — . cese . .
double ring e™e™ collider BEPCII (Beijing Electron Positron Collider) electromagnetic calorimeter (EMC) [ muon identifier (MUC)
CsI(T!) crystals layer of resistive
2.5% energy resolution in barrel plate chambers (RPC)
and 5.0% in end caps end caps (8 RPC)
barrel MUC
(9 RPC)

* solid angle coverage of 93% of 41

superconducting
solenoidal magnet
1 T magnetic field

(time of flight system (TOFP

barrel TOF NN - 7 \
68 ps time resolution ' eorr oW ] %
(o e TOFL g \\\\\\\\\\\\\\\\“IIW//// // @;:: ] .
\ ps time resolution ‘ :

multilayer drift chamber (MDC)
0.5% momentum resolution

6% dE/dx resolution
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Event Selection forete™ - y.41 2 v J/¥ - yu u~

final state reconstruction:
* two good, oppositely charged tracks
e atleast one good photon

barrel MUC

end cap MUC

general, standard BESIII event selection criteria solenoid magnet

four constraint kinematic fit:

* constrain total four momentum of yu™ u~ system to that
of initial state for energy and momentum conservation
(= four constraints)

* select out of reconstructed photon candidates the one
with lowest y? of kinematic fit

muon identification:
* require EMC energy deposition of Egyc < 0.4 GeV

TOF

MDC

e exclude polar angles 0.8 < |c050ﬂ| < 0.86 (where EMC is blind) to suppress Bhabha contamination

exclude good photon candidates in EMC end caps:

e exclude polar angles |c059y| > (.80 to suppress ISR background reactions

Anja Briiggemann Observation of ete™ — y.,; at BESIII 10
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Background Studies two points of  3:581 85.28 & 0.031a¢ & 0.58ys
P’ scan 3.670 83.61 £ 0.03a £ 0.57ys

control data samples for background studies: & 3773 2932.39 + 0.17gear % 12.61 4y

* four data points above y.; mass collected at BESIII T 4178 3192.49 + 020, + 15.99,.

* no signal component
- total integrated luminosity: L1%f = 6294 pb~1

Monte Carlo (MC) simulations at each energy point:

e exclusive MC samples of 200 Mio events each using PHOKHARA generator

o signal simulation: ete™ -» Y., 2 yJ/Y - u ' u™)

o irreducible background simulation:
e"e” > yisg(J/Y > ptu) and ete” - yputH
+ interference

irreducible ISR background MC

ViIsr Visr

o +interference sample between signal and background
(using I, and ¢ as input parameters)

* inclusive MC samples at 3.773 GeV and 4.178 GeV
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> L
Background Studies 3 [ BTREST 2 J
: E ..----'-'-'-.n.-.-...'---'-—"' T ]
non-y spyl* 1~ background = [ data
10°
* studied using inclusive MC and control data samples 5 ete” >y(J/p - K'K™)
at 3.773 GeV and 4.178 GeV 10-_ ete” s y(J/p > mrm)
. . . . B - =
found to be negligible (< 0.2%) E inclusive MC / - ;yn+n

\ 1
— high purity data achieved of yu™ ™ final state
BUT: remaining irreducible background processes o
. c5.95 3 3.05 3.1 3.15 3.2 3.25
as they feature the same final state M, (GeVic'2)
— precise description of these background reactions needed irreducible ISR background processes

Yisr VISR

— approach: use MC simulation of background by PHOKHARA o
verification needed

- J
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Background Studies

prove of irreducible ISR background description of PHOKHARA event generator

* performance of unbinned two-dimensional fit to M, and |cos@ | distributions of all four control data samples

signal MC (MC,, ) irreducible ISR background MC (MCisg pg)

4 )

PDF: N, MC, | + NpgMCisg pg VISR VISR

no interference included
line shapes extracted from MC simulations
.

J

*  Xci signal line shape MC, . from signal MC at 3.5080 GeV, smeared with Gaussian
* background line shape MCisg ,, from MC of irreducible background processes
* number of signal events N, and irreducible background events Ny are free fit parameters

* N, _, = 0expected for all control data samples as they do not contain any signal

Anja Briiggemann Observation of ete™ — y.,; at BESIII 13
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Background Studies

prove of irreducible ISR background description of PHOKHARA event generator
* unbinned 2-d fit to M, and |cos@ | within [2.95,3.25] GeV/c? and [0, 1] of all four control data samples

% 9000 S 5 2500
> ~+ data = > F ~+ data
Z 4000 — total fit result %3 = 000k — total fit result
= = yuty BG = = yuu BG
= I/ A - %+ Inte. =S N . [ %, + Inte.
o ¢l [ r I
Z 3000 5 Pred. BG = 50 = Pred. BG
2000 1000f
1000

Ps 315 32 825 a5 3 305 31 315 32 oo 325 % 0200 or i
< = % 180 =
5 2% + data S > 160 ~+ data S
= 1=t — total fit result 3 = 140 — total fit result =
= 160 { = yww BG = = z
g 140 = 120 -
Z 120 “ 100 &

100

80

60f;

40

2 o,

29 32 ca25 % 027 04 06 08 Ps5 305 31 315 32 32 % 027 04 06 08
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Background Studies

prove of irreducible ISR background description of PHOKHARA event generator

&0 S 3500

2 —~+ data °

i 4000 —_ totalifit result g 3000

: ; - YM+H BG 2500

% 3000 % T Xt Inte.

= i i Pred. BG 2000
2000 1500

Pos 3305 31 315 32 325

M, (GeVict)

§ -+ data

i — total fit result

Nevt/0.01

* unbinned 2-d fit to M, and |cos@ | within [2.95,3.25] GeV/c? and [0, 1] of all four control data samples
o~

(

1

— N, _, # 0 observed, but N, = 0 expected

— discrepancy between data and MC of irreducible background

~

Vs (MeV) L (pb~h) ﬁxclw/o cm
3773.0 2932.4 1027 £ 140 (7.50; 1.963)
4178.4 3192.5 522 £ 104 (5.10; 1.2030)
3581.5 85.3 31 £29 (1.1o; 1.664)
3670.2 83.6 38 +26 (1.50; 2.20g0)

(statistical significance < 2.30, when normalized to 180 pb™1)
* due to uncertainties of electronic width I‘e]e/lp of J /¢

e due to limitations of PHOKHARA event generator

%

Anja Bruggemann
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Background Studies

prove of irreducible ISR background description of PHOKHARA event generator
* unbinned 2-d fit to M,,,, and |cos0,| within [2.95,3.25] GeV/c* and [0, 1] of all four control data samples

ﬁorrection of data-MC discrepancy _V \
Vs (MeV) L (pb~h) ﬁxclwlo cm

by 2-d comparison of binned M,,,, and |cos€u|

distributions between data and MC at 3.773 GeV 3713.0 2932.4 M523 25 T (75 2tergy)
. 4178.4 3192.5 522 =104 (5.10; 1.205))
—> obtal.ned factors f(MW, COS@ﬂ) us.ed to | 3581.5 85.3 31 £29 (1.16; 1.60,4))
reweight event-by-event the MC simulations of | 3670.2 83.6 38 +26 (1.50; 2.203)

irreducible background at all energy points
bin width

— N, _, # 0 observed, but N, = 0 expected
cross checks:

e using factors from osg
4.178 GeV Samp|e 04

* vial-dfitto Muu

— discrepancy between data and MC of irreducible background
(statistical significance < 2.30, when normalized to 180 pb~1)

* due to uncertainties of electronic width Fe]e/w of J /i

e due to limitations of PHOKHARA event generator

\ ! . . ) 315 320 325 - /
M, (GeV/c?)

COSQH

Anja Briggemann Observation of ete™ — y.,; at BESIII 16



—___ Universitat
Miinster

Background Studies

prove of irreducible ISR background description of PHOKHARA event generator

(4}

j=3

[=3

(=}
!

L o 2500F
> X —+ data 2 -+ data
s 1 — i = — i
& 4000 _ mt?' L L 2 S000k total fit result
= § =" 7WwBG = =oyptu’ BG
3 2 J % .+ Inte. = T T
3000 ] 4 . 2
= /¢ 4 Pred. BG =ts00p B o
1000

500z

315 32 32 %0z 04 06 08 295 3057 81 815 32 825
5 G 180 5

—+ data e > 160 —+ data S
— total fit result B E — total fit result 2
- yue BG Z = R =yuty BG <
..... 5 120 e+ Inte.
i 100 i Pred. BG "

80 bl

60 h

40k

20F

3 805 ai a5 32 82 © 0z 04 06 08 P53 31 815 32328 O 02 0406 08
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Background Studies

prove of irreducible ISR background description of PHOKHARA event generator
* unbinned 2-d fit to M, and |cos@ | within [2.95,3.25] GeV/c? and [0, 1] of all four control data samples

< 5000F

$ S000F S 3500F < 2500F S 1800F°
s | AP P | s | g Fom | ek |
34000:_
530005_ J/4| after MC correction: excellent agreement between data and MC!
2000;— without correction with correction
ol Vs (MeV) L (pb~1) N, wlo corr. %V;c W/ corr.
. 77 37730 2932.4 1027 + 140 (7.56; 1.96,) 49 + 141 (0.30; 0.10,g0)
285908 4178.4 3192.5 522 + 104 (5.16; 1.2044) 40 £ 104 (0.40; 0.104g)) o
2 200 3581.5 85.3 31 £29 (1.1} 1.605) -5+ 29 (0.20; 0.30,3¢)
u, 1
o 3670.2 83.6 38 £26 (1.50; 2.265) 4 £ 26 (0.20; 0.203)
2 S~—
100
80

Nxc1 consistent with zero within 10

. P55

cos,

325

My, (GeVic?)
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Extraction of y .4 Signal Events

* performance of 2-d unbinned maximum likelihood fit to M,,, and |cos@ | of all four x ., data samples, individually

4 N

PDF: NXclMCXcl + NbgMCISR bg + {VintMCint/

Y
interference included
J

\

Y

line shapes extracted from binned MC histograms |

* Xc1signalline shape MC, | from signal MC
* background line shape MCysp, j,5 from corrected MC of irreducible background processes

* interference line shape MC;,; from corrected MC of interference between signal and background

* interference constraint to' Nj, = a(l,e, @) - \/NXC1 - Npg with a describing dependency of the coherent sum of signal

and background processes from y.; electronic width I',, and relative phase ¢ between signal and background,
a is determined from signal MC using I',, and ¢

* number of y. signal events N, and irreducible background events Ny are free fit parameters

Anja Briiggemann Observation of ete™ — y.,; at BESIII 19
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Extraction of y.; Signal Events
* 2-d unbinned maximum likelihood fit to M,,, and |cos6,,| within [2.95,3.25] GeV/c? and [0,1] of all four y,; data samples

L ] L ] + — \
5 600/-3-5080 GeV —+—;ia;te|1flt | <G 150[-3.5097 GeV / first observationofe™e™ — Xc1
- = 10tal 1it resu B . . .o

% [ excess e BG % - (as predicted in Czyz, Kiihn, Tracz, PRD94, 034033 (2016))
E 400:‘Nsig =210 }§.... E 100 signal yield Ngj; = N, + Nj,¢ and significances:
= L 4. 10 =
< 200 ., < 50 without MC correction with MC correction
()] e
< oRHEHEHIAL S z it ] [ESALEE £ (pb™) Nyg wio cor: N Wi com \

295 3 3.05 3.1 3.15 3.2 3é25 2.95 3 3. 05 3 1 3. 15 3. 2 3.25 3508.0 181.8 320 4+ 51 (6.50) 210 + 52 + 18 (4.16; 4.001,,)

M, (GeV/c) M,, (GeV/c?) | 3509.7 39.3 85 + 24 (3.90) 63 £+ 24 £ 6 (2.80; 2.7610,)

% 600F3.5104 GaV < - 3510.4 183.6 100 + 48 (1.70) 0216 423 (0.06; 0.001,)
g 400_n° signal = [ Combined 445.6 -+ (5.30; 5-}610w)
o Ngg =0 e . .. o 1 R
Z [000 < 50  combined statistical significance | stetistica lowest significance
T 200 UL = ! significance with systematics
D Eedad B D of all four y., data samples: 5.3¢0
=z efays | . . .

QL no signall S « taking systematic effects into account:

295 3 305 31315 32 325 2.95 3 3.05 3.1 3.15 3.2 3.25 lowest significance 5. 10 /

M, (GeV/c?) M,, (GeV/c?)
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Extraction of y.; Signal Events

. : data : . :
determination of total cross section Gll\s/lﬁbg + (chl + O'int) E Jll\s’llgbg + Nsig/ (L - €), with efficiencies € obtained
from signal MC simulations, £ being the integrated luminosity, all\s/lgbgcalculated using PHOKHARA

<& 600(-3-5080 GeV} +data < 150[-3.5097 GeV
; - — total fit result -.>.,_ - 3 B
B — oyt B ' data
= 400 0 0 o e = 100} e £ 0.022- RUCUI b Okhes * (O, 100"
ol [ Nsig = 210 ‘}::::Pred. BG . (o) = '.2 8 oMC
: :4. 1o HYCTO o L ".' - ' (¢ ISR BG
= 200 ,__ 4 IR A :—‘; 50 | ,o". "' i """ G:\tﬂ)tgl’ Default Lees 0
QO 2 e LA .o '_ :
< 0 :_ % 0 i g5 0.02 TP { - Crotar BESt Teg, 0
295 3 305 318.15 8.2 325 295 3 3.05 3.1 3.15 8.2 3.25 [ 410 : Oldee 14 B Tee, 0
2 —_— A
M, (GeV/c?) _ M, (GeV/c?) L = cﬁ‘-
3 8] — . La
L %99['3.5104 Gev L2 13.5146 GeV 0-0181 £
®  [no signal 2 100 reduction | A T
= 400+ i 1w s
_N . = 0 N u — 0 3 "o
T e = ol P “ 1180
~ . 10.00 R ety R TR T v fiaed 0.016 - Py o b
S 200 " FHAEE ) LIS :]5) SRS SRS ) P
q) - oy e A R : ::EEE |
= ST no Slgnall < [0 ) SIETE R P R P T DA P B R 1 1 ] | 1 1 1 1 I 1 1 | 1 | | ] 1 1 |
0 S '.;.i.i.;i.;.li.i.i.i.i.3.;;;;.2.;.2.;.5 . . '1 , ,
295 3 3.05 3.1 3.15 3.2 3.25 295 3 3.05 3.1 3.15 3.2 3.25 9.505 el SIS SR
M, (GeV/c?) M, (GeV/c?) s (GeV)
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Extraction of y.; Signal Events

. , data : L :
determination of total cross section a}‘sﬁgbg + (O-Xcl + aint) E afggbg + Nsig/ (L - €), with efficiencies € obtained

from signal MC simulations, £ being the integrated luminosity, all\s/lﬁbgcalculated using PHOKHARA

AN

@) B ' ata
* statistical tests to validate hypothesis including y.; signal £ 0.022- N b O%ee + (0, 0,
- . : . © - Te° =0.41eV . fag s — oSy
- heo _ ol Lt Yot
o based on likelihood ratios and toy MC simulations i ptheo = 212 SR L oM Default T
o tests of binning strategy, as line shapesare Y 0.02 — i e oMC  Best Iy, 0
extracted from binned MC histograms no I OlorBo + 1+ BESt Teo: @
. . >~ obvious i bz
o tests of fit method, as fraction of Ngj; = 2% . 0.018~T,, =0.12ev  000c%
bias found L 4 = 205° N
o cross check via 1-d fit to M,, p - i """"""""""""
0.016 - G RE K
* BUT: observation of discrepancy between theory prediction I AN
and experimental result, due to differencesin I, and T e
. ce P 3.505 3.51 3.515 3.52
Vs (GeV)
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Extraction of Interference Parameters I',, and ¢

performance of simultaneous fits to all four y.; data samples scanning the (I',., ¢) parameter phase space for best solution

 analytic description of g, unknown, but depends on I, and ¢ —> use scan method to determine I',, and ¢

* generation of MC samples with 200 Mio events for each y.; data point and each (I,,, ¢) set (green circles)

* same fit approach as for extraction of y.; signal events: =
2-d unbinned maximum likelihood fit to M,,,, and |cosé,|

—In(L)

250/
PDF: Ny ,MCy , + NpgMCisppg + NintMCing '

* but here: >
o common fit to all four y.; data samples for each (I, @) set e SEE el
) ee o o o 0 eS Va ue
o number of events N, _, Ny, fixed to number of events 150 S Theoretical preduction in Ref.[14]
obtained from MC Seanpon =0
— for given (Te, @) set: Nipe = a(Tee, @) - /Ny, - Npg fixed 100 O | ' 0
* maximum likelihood value gives best solution for I, and ¢ (red dot) o | x

[ee (€V)
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Extraction of Interference Parameters I',, and ¢

performance of simultaneous fits to all four y.; data samples scanning the (I',., ¢) parameter phase space for best solution

: . . N\
first experimental determination of I';, of x 1| = [ S = Best value
. ——198.0
* best fitted values (red dot): [ ° ° > Scan points <)
+0.13 +15.4 2l o =
Fee = (0 12—0:08) eV and ¢ = (205_22:4 © Peoe e 0« < ° - ° - ° -T:
I ! Eo oo o a o 6o o 5 ~198.5
including statistical and systematic 22002 o0 o o o o ° ° o o ° °
uncertainties (are of same order) e 6 0 o o o o ° ° 5 o o o °
* theoretical predictions: [ | o ° o —199.0
. rthee — 0.41ev and ¢thee =212° y 200 — e \ DT
i ° o o ° o (o)
B 205 5 © ¢ 68.3% CL 199 5
» cross check: based on best (I',., ¢) set, calculation - oo °co o o o o 3 o | CONtourregion
of number of signal events Ngj; = N, + Nin¢ . ] . . . .
r 1 ] | | R I _200'0

for each y.; data point individually P PR R Ll
—> combined statistical significance 5.10 (consistent result) 0.05 0.10 0.15 0-201_ (O\-/§5
e
ee
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Summary
4 I ' i ' b TPC _ 44+ in pt o= rallici
First observation of direct production of y.; resonance with J** = 177" in e e™ collisions
* statistical significance > 50 %0_022:_ 28 ¥ e c T e _198-02
* first measurement of y.; electronic width 0_02:_ --------- * l o Eftr”f e SPRSUY - : ?can ;j’omts N
.. =(0.121333) eV S T P o R |
(of same order as theory predictions) voer b0 * 2002_ : ~199.0
* observation of interference pattern as predicted o016 e 1803_ 1999
_ * Published in PRL129, 122001 (2022) T r(Gsvs)z R

 new approach applied for search for J°¢ # 17~ resonances, directly produced in e*e™ annihilations
o using energy scan data in the resonance’s vicinity
o taking interference with irreducible background into account (I, ¢ dependency)
o search for signal beyond background based on fits to data using validated MC line shapes und (I',,, ¢) scan method

 Outlook for BESIII: applying and proving analysis strategy to search for directly produced y., resonance with J*¢ = 2++
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Experimental Search for Directly Produced C-even States in e™ e~ Annihilations

ND collaboration
* 7', f,(980), f,(1300),a,(980), f,(1270), a,(1320) at VEPP-2M collider

SND collaboration
f>(1270),a,(1320) at VEPP-2M collider

n at VEPP-2M collider
n’ at VEPP-2000 collider
f1(1285) at VEPP-2000 collider

CMD-3 collaboration
« 1’ at VEPP-2000 collider

BESIII collaboration
* x1(3872) at BEPCII collider
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BESIII Data Sets

* world’s largest data sets at 17~ resonances: o | After 12 of years data taking: w(3770)r ]
-+ 10x 109 Jiy :
]/l/J;l/J(ZS),l/J(3770) [ e 2.7 x 109 y(2S) 1010 J/y . D"«
[ : 27x10°  °
L w(25) -y )
* scans around resonances: — = | g‘:\: . |
I .
X1, ¥(25),(3770) g . : .
'_4'-‘ 102 L . . . . o [ oo o ]
* energy scan in the “XYZ” region: g . * R oot L
4.0 GeV < \/E < 5.0 GeV . _ Lol sod? . o °® )
* additional data sets at lower energies: i : ) Wireiin . @zl !
i1 () [ S O S T T S S T
2.0 GeV < +/s < 3.0 GeV 2.0 25 3.0 3.5 4.0 45 5.0
E.m [GeV]
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Extraction of y.; Signal Events

(2-d unbinned maximum likelihood fit to M,,, and |cos8, | within [2.95,3.25] GeV/c? and [0,1] of all four y.; data samples)
— one-dimensional projections to the M,,, and |cos6,,| distributions:
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