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The experimental scenario
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Excellent scenario for XYZ Physics

World’s largest data samples directly produced from e*e collision @ J/y and y(2S)

4040 R-scan data | N
AL T[T e e S 05 b | yam 244 TQ*TJW o8fbr [TV T ]
S|x ® BESI] oo s - . | | P
= +Z:L A CrystalBa i ; -
= 1 ST O Gamma2 y(3770) : L =
11, O Markl 8(+12) fb! Y ] AN N YRR S SRS I S
~ 5
+ — ' - %g00%9 rdfe® g e .
I 4600 Q § ' eed | 2 ]
'3" o.5be % - | | § ]
s
- n: o : . ® : Lo
== + ’ 4190-4280 10 A R =
2 - + % " 4230+4260 | 4360 | >:6fb” - . me . . .
% 3540-3600 19T 0S4, [ | = | | i
oy i — |
i 23.3 pb*! M o A L e AL
R-scan data }:D v w2 . 3.8 4.0 4.2 4.4 4.6 4.8 5.0
52 pbt = "o pibd % S E.., (GeV)
| BESIIl direct devton E N cm
; M B N XYZ data:
v .
Hadron form factors Light hadron spectroscopy X ) * 46 energy points (21.9 fb!)
Y(2175) Glueballs, hybrids, multi-quark | XYZ * 29 energy points with L,> 0.4 fb™!
7s states? states D and Ds Physics
QCD test Rare decays (fp and fp,, mixing, CP)|  Small scan sample:
Tau Physics Charmed baryons * 104 energy points (0.8 fb1)
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R value
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Definition of R value

* Rvalue
* LO production cross section ratio of hadrons and muon pairs in e e~ annihilations

o’(ete” — hadrons) o} 4
o’(ete” = ufu) o),

R =

hadrons [ O

Ohad
* important input to current tests of Standard Model

e critical to determine:
* QED running coupling constant
* anomalous magnetic moment of the muon

* O

- QED 0y, (s)

_ 4o B(3 — ﬁi)

2 By = /1 —4m2/s
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QED running electromagnetic coupling constant Aa(s)

e Aa(s
() Aa(s) =1— —= = Ayepton(s) + Aoz,(i)d + Aatgop(S)

* Adtjepion(S) determined analytically by perturbation theory
* Aatyp(s) negligible in BESIII energy range (1077 ~ 1071%) due to the large top quark mass

. Aa,(li)d(s) Hadronic Vacuum Polarization (HVP) contribution
o o0 R /
mfe.rred from R value | o Aoc}(fzi(s) _ &5 ReJ ds’ a— (s") |
 optical theorem — dispersion integral a 37t g, S'(sf—s—ig)

. Aa}(li)d (s) limits precision Physics (EW fit) at m: the 5 light quarks contribution is not computable by

p-QCD at lower energies [ a(m2%) essential for EW precision Physics]
PRD 97, 114025 (2019) A“gd (s) is sensitive with the R-value on a wide energy range
value (error)® Fundamental input
Source Contribution(x 10™%)
EPJ 80, 241 (2020) A tjepon (M7) 314.979 + 0.002
Aaly (M2) Aol®) (M2
o (M) 276.0 & 1.0
A otop (M) —0.7180 =4 0.0054
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Muon anomalous magnetic moment a

e

* magnetic moment of the muon: [ = g#—S

ZmM

* provides sharp test of EM theory and possible hints of BSM

* Dirac: g, = 2 — Quantum Field Theory: a,

|9u 2|

U

(Muon Anomaly)

 Anomalous Magnetic Moment: large discrepancy SI\/I vs experimental data, 4.2 o (BSM?)

2024/04/03

e SM:

PRD 97, 114025 (2019)

* Experimental average (BNL and FNAL)

PRL 126, 141801 (2021)

* hadronic contributions dominate au uncertainties
* Hadronic Light-by-Light Scattering (HLbL): irreducible, now

* Hadronic Vacuum Polarisation (HVP): a/;°~""* from
dispersion integral exploiting R-value as experimental input

:<

aLO-HVP
L

X1y,
37t

SM
ay

;

= a

0.@]
,[ ﬁLm%T

QED_I_ aQCD

weak
1 1 +Qa

U

5 BNL g-2 ®
- FNAL g-2 + P
:
\Eu A A
S 4.20
; )
@ @
Standard Model Experiment
verage
R(s)K(s) . . R
dS 18.0 18.5 19.0 195 20.0 20.5 21.0 21.5
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S
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Literature

 existing R-values experimental data:
e ~20 experimental Collaborations measured R-value, ~10 in the lower energy region

e best accuracy (~ 3.3%) for R measurements achieved in the 2 + 5 GeV range by BESII and
KEDR at a few energy points

* systematic uncertainties dominate all R measurements

e BESIIl new R-values experimental data: PRL 128, 062004 (2022)
* inclusive R value measurement in 2.2 + 3.7 GeV range (14 energy points, total of 52 pb1)

e Expected dominant backgrounds
* beam associated
e QED background events (eTe™, utu=, t%t7, yy, ...)

2024/04/03 Marco Maggiora - HSwS 2024
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New BESIII R-value data: determination of R

Residual background events
* MC simulations

Leading order QED Born cross section  Beam related contributions from data(SB)
fore*e” - uu~; 0% (s) = 86.85 nb/s /
NObS — N Radiative corrections
R _ had bkg * Feynman diagrams
0 , , e Structure functions
O-HPLLIHt 8151’18 ghad (1 6 « Agreement better than 1.4%
Integrated luminosity
(by LA-Bhabha) 0.8% uncertainty
I Detection efficiency I
I Trigger efficiency ~ 100% I I MOST CHALLENGING!! I

Exploiting two different signal simulations models!

2024/04/03 PRD 128, 062004 (2022) Marco Maggiora - HSWS 2024 1



BESIII experimental R data in the range 2.2 = 3.7 GeV

BESII

14 energy points

31—

2 - total of 52 pb-!
® BESIII ® BES + VY2 A CrystallBall
® KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
1 1 I 1 1 1 1 I 1 1 1 1 I 1
2.5 3 3.5
s (GeV)

* Accuracy:
e <2.6% below 3.1 GeV, 3.0% above
* dominated by systematic uncertainties (statistic uncertaties: ~ 0.35%)
* Average R value:
e larger than the pQCD prediction by 2.7
* higher than KEDR by 1.7c between 3.4 and 3.6 GeV.

2024/04/03 Marco Maggiora - HSwS 2024 PRD 128, 062004 (2022) 12



BESIII perspectives: large statistics available

g @
. BESII
10 :
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Sl _
data below open-charm threshold
10 -1 : 2.23~3.67 GeV: 14 points ~110 pb~! |
B “H Low energies can be accessed via ISR technique 2.00~3.08 GeV: 21 points ~550 pb~! §
Il ! | ! | ! ! | ! ! ! I ]
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7 1 | |
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—& P S - . l : l P | 1O - |
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3 3.5 4 4.5

e BESIII has collected data from 2.00 to 4.95 GeV suitable for R measurements:

130 scan data points >10° hadrons

* R measurement both in the continuum and open-charm regions with high accuracy: significant impact

2024/04/03
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BESIII perspectwes exploring different methods

2.8
2.4
2.6
2.5
2.4

R(s)

I

IncIuswe Low Data

Exclusive Data Combination ——e—

: Inclusive High Data ——— |
Transition pointiat 1.937 GeV PQCD ----=-----
! KEDR (2016) +——=——i

PRD 97, 114025 (2019)

] HE| 1

1.8 185 19 195 2 205 271 216 22

Vs [GeV]

Exclusive vs inclusive measurements:

Inclusive R measurements above 2.0 GeV
Exclusive R measurement below 2.0 GeV

* Tension in the transition region!

2024/04/03

s =3.6710 GeV

—LUARLW
—HYBRID

= e, R A
0 i 2 3
ISR technique:

 exploits large charmonia data (e.g. Y (3770))

* allows measurement from threshold to continuum
* less dependent on MC event generator

 better detection efficiency respect to scan

* allows comparison btw inclusive and exclusive
measurements

\s' (GeV)

Marco Maggiora - HSwS 2024 14
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Energy Scan

Initial State Radiation

Vs discrete fixed
L low at each beam energy high at one beam energy
do-;'3 — Ta ﬁc 2 dZO' 7 _ 1 7
o | T = [IGuPP(1 +cos” 0) | s = sW(s, X, 0))0pp(q7)
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Belle I1 50 ab™
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Hadron Spectroscopy
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QCD Exotics

* Non-exotic hadrons: mesons (qq), baryons (qqq) Baryon Meson
* QCD allows for exotic hadrons:

* multi-quark states @ & &
strong evidence in heavy quark sector @ 0
https://gwg.ph.nat.tum.de/exoticshub/

e hybrids
* Glueballs
e BESIllis an ideal scenario for light QCD Exotics
e Charmonium decays == “gluon-rich processes”
* clean high statistics data sample
* kinematic constraints and [(JP¢) filter

Hadronic

Hybrid Tetraquark Molaniie

2024/04/03 Marco Maggiora - HSwS 2024



Charmonium Spectroscopy

» XYZ states: do not fit in the naive quark model

2024/04/03

X: neutral non-vector states
Y: neutral vector states

Z: charged, clearly multy-quark states

|deal background for exotica!

M [GeV/c?]

Marco Maggiora - HSwS 2024
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New discoveries

New particles @ BESIII

http://engIish.ihep.cas.cngbes/re/pu/NeWParticles/

! Y(4790)g
- BES]]I Y(4710
i Y(4390) Y(4500)9
. 2.0(4020f Z,(4020)° :?:gggj .
— i [ + 02Z.(3900)° Z.5(3985) @
C\.IS:E ! Z,(3900) .wz 3823)
>
()
g 3k 30 new hadrons at BESIII
% s N(2570) . .f((zzagg)
X(2500, ®
g EX(2370) N(2300) & X(2262)9 @ X ®X(2356)
) X(2120) ®(2250) X(2000)
| @X(1870) (1840) h,(2100
[ o 1185548, (1817)° " X(1880)
2012 2014 2016 2018 2020 2022 2024

Date of arXiv submission

manifestely exotic
» quark content more than gqq or qqq

* g not accessible for ordinary mesons or barions

2024/04/03

cryptically exotic
e overpulation of states
M /T not fitting in spectra

» production and/or decay patterns incompatible
with standard baryons/mesons

Marco Maggiora - HSwS 2024 19



» XYZ states: do not fit in the naive quark model

2024/04/03

X: neutral non-vector states
Y: neutral vector states
Z: charged, clearly multy-quark states

|deal background for exotica!

Wide focus on
exotic states with charm and bottom quark but also...

M [GeV/c?]

Marco Maggiora - HSwS 2024
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Charmonium Spectroscopy

» XYZ states: do not fit in the naive quark model

X: neutral non-vector states
Y: neutral vector states

Z: charged, clearly multy-quark states

|deal background for exotica!

Wide focus on S
exotic states with charm and bottom quark but also... S
=
masse —|2.4 MeV 1.27 GeV 171.2 GeV
charge - |24 2/ 2/ t
- U [ C [
nom - up || chgd top
4.8 MeV 104 MeV 4.2 GeV
v |- -3 /3 b
- I :
o B d ¥ S 5
8, down strange bottom

2024/04/03
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Strangeonium Spectroscopy
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 exotic states with (just) light quarks

2024/04/03

ss spectrum far from being well known
hybrid ssg

tetraquark ssss/ssuu/ssdd, ...

rich ssss spectrum spectrum

Mass (MeV)

3300 , .
3200 = 28 SSSS -
3100 ! _
3000 -i 2975 ii—“_“___“—___“_“________“_______“___“_______;E:
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Strangeonium Spectroscopy
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 exotic states with (just) light quarks

2024/04/03

ss spectrum far from being well known
hybrid ssg

tetraquark ssss/ssuu/ssdd, ...

rich ssss spectrum spectrum
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$(2170) / Y(2175)

22

* ¢(2170)/Y(2175): u,; nssy T 1) SS
* first observed by BABAR in ¢f, [PRD 74, 091103 (2006)] R L i
 later confirmed: b ol

BESIII [PRL 100, 102003 (2008)] S g e
Belle [PRD 80, 031101 (2009)] § 12;— | ¢
* SSis terra incognita: HE T rr—rr—
. low BR Z,:: R Predictod P D6, as401¢
* wideTl oabper e e e .
* a bridge among lighter and heavier quark states
[EPJ C72, 2008 (2012)] € | | PRD74,091103 (2006)
[ Y (2175) = ¢(1020)7 T~ strange, “;00'6_ I EABAR |
ete™ = Y(4260) > J/ymta charm, " |
| 7(10860) — Y (1S,2S)7+7~ bottom, ’
1. producedin ete™ collisions hence 1~ states l WL
2. observed di-pion transitions in the three cases j ‘
3. observed anomalous phenomenain e*e™ collisions at the e 22 aa a6 28 3

relevant energies
2024/04/03 Marco Maggiora - HSwS 2024 24



$(2170) / Y(2175)

P D G 20 18 #(2170) DECAY MODES

Mode Fraction (I';/T)
r ete” seen o °
o e experimental scenario:
M3 O . .
o 0h(o0) * limited decay modes
5 Tr T [J [ [ [
o KOK fo(o80) — KEK™mtn™ * mass and width inconsistencies
r; Kt K~ 1(980) — K+ K~ a070 seen
g KOK=* ™ . not seen
Mo K(892)"K7(892) . ¢(2 170) interpretations:
B —@— PDG 0(2170) e >y 0f (980) 23D or 335 SS
B € S g 0T €€ o 7, KK 1,080 * s5g hybrid
s . F CE S TG 0N —o— Iy o 0 of, (980 * tetraquark
200 — —
I e > 1 or0m) * molecular AA state
S 150 *  ¢f,(980) resonance with FSI
5 f ~ e three body pKK system
= 100]
— -
) B . * * * ~
5 * needing better knowledge of p*/w* /™ @ ~2.2 GeV
50 —
- ¢(2170)
_I | 1 1 1 | 1 Ll 1 1 1 I 1 1 1 I 1 1 1 J 1 1 1 J L1 1 l | -] | L L 1 | L

0 2060 2080 2100 2120 2140 2160 2180 2200 2220 2240
2024/04/03 ®(2170) mass (MeV) Marco Maggiora - HSwS 2024 25



BESIII R scan: probing vector states

* published/submitted paper:

1. e*e'— K* K': PRD 99, 032001 (2019)

2. e*e"— ¢ K* K1 PRD 100, 032009 (2019)

3. e'e > K* K m® 7% PRL 124, 112001 (2020)

4. e*e"— ¢ n’: PRD 102, 012008 (2020) * ongoing analyses:
5. e'ee > on,ee > on’: PLB 813, 136059 (2021)
6
7
8
9

efee>on’
. e*e"— ¢ n: PRD 104, 032007 (2021) ete > o K K-
. e'e—> Kg K : PRD 104, 032007 (2021) et > yn’
. et > n’nt v PRD 104, 092014 (2021) e'e > K K*r
. e'e > o n° % PRD 105, 032005 (2022) et > onm

10. e*e" — K* K 1% JHEP 07, 045 (2022)
11. e*e" = @« 7 JHEP 01, 111 (2023)

12. e*e - ¢ " 7 PRD 108, 032011 (2023)
13. ete = " © n¥: arXiv:2401.14711

14. e*e" > n " ©: PRD 108, L111101 (2023)
15. e*e” — K¢ K, 7% JHEP 01, 180 (2024)

et > KK ntr o
ete > f,(1285) n*
ete > ont w nd
ete" > nt v 2n°

©CoOoNoOGOTRWNE

2024/04/03 Marco Maggiora - HSwS 2024



.e+

$(2170) /Y(2175): ete” - KTK "

e~ - KK %% [prD 124, 112001 (2020)]

PWA on 300 pb~! data between 2.00 and 2.644 GeV
cross sections consistent with BABAR data, more precise
e M = (21265 +16.8 + 12.4)MeV/c2
[=(1069 + 32.1 + 28.1)MeV
statistical significance: 6.3 ¢ ; JP¢= 1~
simultaneous fit on 4 channels
BTy e ¢ signific-
Channel (eV) (rad) ance (o)
K+(1460)K‘ 3038 56+15 44
K (1400)K~ Solution 1 4.74+33 37404 48
Solution 2 98.8+7.8 454+0.3
K}L(1270)K‘ Solution1 7.6+37 40+02 14
Solution 2 152.6 = 14.2 4.5+ 0.1
K*(892)K*~(892) 004+02 58+19 12

consistent with ¢(2170)
not consistent with 33S; or 23D, (K*K* decay favoured)
not consistent with ssg (comparing dominant decays)

2024/04/03 Marco Maggiora - HSwS 2024

i 1‘ + BaBar
:H 0.8F {% . + BESIII
R ;
x 00 #ﬁf}
X 04f [ ﬁt
T [
J'rm 02 +}_ % +
© 05225 3 35 4
s (GeV)
04
'E 0.35 _ +BaBar
& 03F + BESIII
o 0.252—
o 02F
T 045 F H
o 0.1 — 1\ M
© 3
© 002 %l ﬂ'}ﬁ* ,$~+i,+.ﬁ’{”+*‘m
1.5 3.5
s (GeV)
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Oe+

2024/04/03

$(2170) /Y(2175): eTe™ - ¢n, pn’

e~ — (1 [PLB 669, 160 (2008): significant contribution]

S >
85 q - -
Y (2175) >< on(en')

&

B
-..cnl
]

¥l

715 pb~! data between 2.00 and 3.08 GeV
M = (2163.5+ 6.2 + 3.0)MeV /c?

[= (31111 + 1.1)MeV

statistical significance: > 10.9 ¢ ; JP¢= 1~

o* OZI suppressed, p* suppressed by isoscalar mode

Marco Maggiora - HSwS 2024

aoo(s) [pb]

1 000 = Nominal fit

500

o(e*e—nd)(nb)

g — Belle
3 :_ —— BaBar =
~ BESIII =
2F % .

PRD 104, 032007 (2021)

< Without ¢(2170) fit
------- #(2170) contribution
Interference

—&— BABAR n — vy [3]
—i— BABAR 11 — n*x*n°[43]

. BeIIe PRD107, 012006 (2023)

TTTrrT T T T TTTTTTTTTTT

1.6 1.8 2.0 2.2 24 2.6 2.8 3.0 3.2 34 3.6 38
Vs(GeV)
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$(2170) /Y(2175): eTe™ - ¢n, pn’

cete™ - ng]’ [PLB 669, 160 (2008): significant contribution]

Y (2175)

>< on(en')

¥l

B(e' e”—¢n)

B(e* e™—¢n)

» 23D, ss disfavoured by resonance parameters, 33S, ss disfavoured by larger prediceted I'

2024/04/03

640 pb~! data between 2.05 and 3.08 GeV

cross sections consistent with BABAR, more precise
M = (2177.5+ 4.8 + 19.5)MeV /c?

I'=(149.0 + 15.6 + 8.9)MeV

statistical significance: > 10 o ; JP¢= 1~

PRD 102, 012008 (2020)

BGS]]I —+ BESII Data

200 (-
- — Fit

b
LIy

(s (GeV)

O E N B B B B
2 2.2 2.4 2.6 2.8 3

= (0.23 + 0.10 £0.18 K ssg hybrid model predictions [PRD59,034016; PLB650,390]

Marco Maggiora - HSwS 2024
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$(2170) /Y(2175): eTe” > pK"K, K"K~ K"K~

PRD 100, 022009 (2019)

240 ¢
cete > $(2170) - qbK"' K~ 5 ok [:]  BESII
\ ¢ cowe g BESTI
L. First <
/\A/y AT /f z. measurement ﬂ 1 133— % . '% D+
R o 8OF . _ O
< Q 60; AA E}] Ih O
b K~ ) ;g Er_ E:] L |l.. N I I |
2 2.2 2.4 2.6 2.8 3
* $(2170) is predicted to be a K™ K~ resonance (s (GeV)
[PRD 79 034018 (2009)] = 160;— BESTI -+ BESIII
* 650 pb~! data between 2.00 and 3.08 GeV ;%Eg: | B
* cross sections consistent with BABAR, more precise § 100 | 'i[ o ”H I L% %
» similar enhancement @ 2.2324 GeV, near AA threashold % ®f wﬁﬁﬂm % 11 T+1% }” |
— 60 [ : 15 ,
* hint for a narrow reasonance (I' < 20 MeV) at AA threashold o | 'F*l . it i ?ﬁk |
© oot T

2024/04/03 Marco Maggiora - HSWS 2024 s (GeV)
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$(2170) / Y(2175): ete™ - KTK~,K.K,

cete” > K'Y K™ ,K(K;

582 pb~! data between 2.00 and 3.08 GeV
* one resonance at KT K~ and KK

| KK
Mass (MeV/c?) 2239.2+7.1+#11.3  2273.7+5.7+19.3
Width (MeV)  139.8+12.3+20.6 86+44+51
T..Br(eV) 0.940.6+0.7

* Dominant KK mode @ ¢(2170)?
" |so-scalar: w*/d*; iso-vector: p*
= Extract isospin component

Marco Maggiora - HSwS 2024

PRD 99, 032001 (2019)
E —3—Besit K* K~
H iy BABAR
_ A m = 2239.2 + 7.1 MeV/c?
g N
‘-6' 0.2_— @ . ['=139.8 £+ 12.3 MeV
0.1 i BESIT
— T .
I R L A G :é"u':u. it
2 2.2 2.4 2.6 2.8 3 3.2
/s (GeV)
'os_____PRD 104, 092014 (2021)
. _I | T T I T T T I T T T ‘ T T T | T T T I T T I_
F KSKL .
0.07 = 'i' —— This work 3
0.06 . l'l — Fit ]
% Eo v R
& 0.05 ----- Background _Z
L’ 0.04 |- =
T ]
‘o 0.03 -
+ i
A .
g 0.02 - =
0.01 —
] 1 I 1 1 1 I 1 1 | I | 1 | ‘ 1 1 1 | 1 1 1 I 1 1 1
2 2.2 2.4 2.6 2.8 3 3.2

/s (GeV)




$(2170) /Y(2175): eTe”™ » KtK~ "

JHEP 07, 045 (2022)

BESIT

Z 22 24 26 28 3
s (GeV)

T2 2z 24 26 28 3
/s (GeV)

@b ofe'e
| 4

é 212 254 2 fﬁ ZfB 3
s (GeV)

R T R VI TR T R
s (GeV)

cete” 5 Kt K n°

| K,*(1430)K K*(892)K

Mass (MeV/c?) 2190+19+37

Width (MeV) 191+28+60
I'..Br(eV) 12.6+2.4 1.0£0.3
161.1+20.6 7.1+£0.9

B($(2170)—>K**(1430)K™) _ 12.6%4.5
B(H(2170)=K*+(892)K—) — (22.7+4.1)

« 648 pb~! data between 2.00 and 3.08 GeV

cross sections consistent with BABAR, more precise
* resonance in K,"(1430)K / K*(892), statistical significance: > 7.1 ¢

compatible with ¢(2170) in K,"(1430)K (BABAR hint @ 2.1 GeV )
vector state in ¢pm?: p* OZI-suppressed, w/d* isospin violating

e resonance in ¢’ @ 2.1 GeV?

2024/04/03

Marco Maggiora - HSwS 2024

_—

400

BCSIT
- p(1450)

2 21 22 Z 24

p(1900) 4-BaBar "V

M

-4+ BESIII
+ b

Oh o

16 18 2 22 24 26
/s (GeV)

PRD 77, 092002 (2008)

NN

J(e"e —K5(1430)K) (nb)

O

4t
2.6

0.1F + ++

22 24
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$(2170) / Y(2175): eTe” - ¢n'm,

e” > ¢pntm”

651 pb~! data between 2.05 and 3.08 GeV
cross sections consistent with BABAR, more precise

M = (2178 + 20 + 5)MeV /c?

[=(140+ 36 £ 16)MeV

statistical significance: > 10 o ; JP¢= 1~

Belle data: structure @ 2.4GeV with 1.5¢
no resonance observed @ 2.4 GeV but...
..resonance observed @ 2.4 GeV in K*K~ f,(980)

PWA is needed

2024/04/03

Marco Maggiora - HSwS 2024

_PRD 108, 032011 (2023)

800_— BABAR - _
= . }H 4 BELLE |
g ool | ¢ BESII ]
i
s 400_— |
':, [ { H |{ +l *

v 200
5 :‘#ﬂ N&mﬂm b, .
0_1'5' — '2f0' =25 3.0

Vs (GeV)

BaBar (2006)
BES (2008)
Belle (2009)

BaBar (2012)

BESIII (2015)

BESIII (2019)

PDG2022

2175+10+15
218611016
2163132
2172+10+8
2200615
2135+8+9
2160+7

58116420
65123117
12540
96+19+12
104+15+15
104+24+12

100+31-23
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d(2170) / Y(2175): )W » noprtm™

cete” > J/Y »nY(2175),Y(2175) - ¢f,(980) , f,(980) » wFm~

225108 /¢y - nontn~

* invariant mass spectrum of ¢ f,(980)

M = (2200 + 6 + 5)MeV /c?
['= (104 + 15 + 15)MeV

* statistical significance: > 10 ¢
+ B(J/y - nY(2175),

2024/04/03

Y(2175) - ¢f,(980),
£,(980) - ™ )=(1.20 + 0.14 + 0.37) x 10~*

Marco Maggiora - HSwS 2024

Events/(0.02 GeV/c?)

PRD 91, 052017 (2015)

140 |-

120 |

-
o
o

== =2 backgrounds
== backgrounds+direct decay

2.1 22 2.3 24

M(¢ f_(980))(GeV/c?)
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Summary

Marco Maggiora - HSwS 2024
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Conclusions

* High accuracy R-value measurements

* Impressive record of new particles discovered at BESIII

* |deal experimental scenario for Hadron Spectroscopy

* Unique access to nucleon, hyperon and hadronic structure

* New exciting results expected:
* high statistics datasets in wide energy range already collected
* other approaches to be explored

Stay tuned!

2024/04/03 Marco Maggiora - HSwS 2024
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Thank you!

Marco Maggiora - HSwS 2024
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Backup

Marco Maggiora - HSwS 2024
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BESIII detector performance

Experiments : VIDC : MDC : =MC :
Spatial resolution | dE/dx resolution | Energy resolution
CLEOc 110 pm 5% 2.2-2.4 %
Babar 125 um 1% 2.67 %
Belle 130 pm 5.6% 2.2 %
BESIII 115 pym <5% (Bhabha) 2.4%
Experiments : TOF :
Time resolution
CDFII 100 ps
Belle 90 ps
BESIII 68 ps (BTOF) 60 ps (ETOF)

2024/04/03

Marco Maggiora - HSwS 2024
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The near future

BESTI sl

Marco Maggiora - HSwS 2024
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<o

Belle II

2024/04/03

The near future

SCOIT

10 : : 70
e Lpeak Before IR upgrade | —— Int. Luminosity - 1x 108k BEPCII 9
comm— \
_'.:. 8 Lmk After IR upgrade upgrade N
o - =~ b
g ~{ 50 g?r 0',"’ 8x 10% Lia ® \\\
2 3 : \
g 0 , 20 § 5 BEPCII o %% 3
X [partial] = > 6x 102 ‘\.
> IR CS* (o] 0 [®) \
z, (Qcs®) 0 2% g S ee o ¢
e — E i . \\
£ 20 & = 4x10%} J .
€ PXD E R x . o
= 2 = ) \\!.
~ \ 2 o I h
© 10 @ ®
L, ’_/// ) 2% 10%}
0 (Tuning) 0 = E
2019/1  2021/1  2023/1 2025/1 2027/1 2029/1 2031/ g.bo' ; : ;
= 2.0 3.0 4.0 5.0 56
7  (Mmm , 0.6 0.5 0.3
gy, (mm) 1.0 Ecm (GeV)
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 203+
Run III ‘ \ Run IV Run V
LHCb 40 MHz L=2x10% LHCb L=2x103% LHCb L=1-2x 1034
UPGRADE 1 Consolidate: UPGRADE 11
UPGRADE Ib 50 o 300 /v
a"ral.sgs; Upgr ::LAS II UPGRADE HL-LHC HL-LHC
Pe L=2x10% ase L=5x10% L=5x10%
CMSs 300 b CMSs 3000 fb!
Phase I Upgr Phase II UPGRADE
Marco Maggiora - HSwS 2024 41
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R value: experimental data

Marco Maggiora - HSwS 2024
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New BESIII R-value data: analysis strategy

( R scan data J

!

Reject Bhabha and
KS m Di-gamma events

Select good charged
and neutral tracks

( Z-prong events J ( 3- prong events J (24-pr0ng events)
2-prong 3-prong
hadronic events hadronic events

(Hadronic events)
PRD 128, 062004 (2022) Marco Maggiora - HSwS 2024
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Nominal signal simulation model: LUARLW

LUARLW

self-consistent inclusive generator
based on JETSET at low energies < = = =

EW Pert. QCD F—Ia.d.ron- Detector
generation: continuum, resonant states and their decays weton
Initial-State Radiation (ISR) processes implemented from 2m,, to +/s
e kinematics of initial hadrons determined by Lund area law
e phenomenological parameters tuned to data

e adopted in most previous R-measurements (e.g. BESIl and KEDR)
2024/04/03 Marco Maggiora - HSwS 2024 44
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Alternative signal simulation model: HYBRID

 HYBRID: as much experimental information as possible, combining 3 established models:
 CONEXC (over 50 channels, experimental cross sections)

« PHOKHARA (10 exclusive channels, hadronic models tuned to experimental data)

* LUARLW (unknown processes)
* up-to-date experimental knowledge implemented
* alternative ISR and VP correction schemes from the nominal ones adopted

2024/04/03

PRD 97, 114025 (2019)

HIBRID vs LUARLW: < 1.4%

T
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Effective energy \/? spectra: LUARLW vs HYBRID

B \s = 3.4000 GeV
10" & —LUARLW
2 . —HYBRID Hadrons
10°
10° £
104 E maximum difference
= - of the calculated ISR correction
0 - * . . between HYBRID and LUARLW
0(5) gj""'r;{*;*‘*‘ Wilac i *++*+;+;ﬁﬂf:w‘=“’ e S is 1.4%,
0 1 ) 3
\s' (GeV)

o« /s’ spectrum directly reflects the fraction of the ISR-returned processes
* LUARLW and HYBRID adopts two different ISR simulation schemes, and yet ...
* ... effective energy spectrum results are consistent

2024/04/03 Marco Maggiora - HSwS 2024 PRD 128, 062004 (2022) 46



MC vs data consistency: LUARLW vs HYBRID

number of good
charged tracks (prongs)

polar angle of
charged tracks

number of isolated clusters in 2-prong events

10000

Events

10000 |-

Events

2024/04/03

\

5000|-

\ Vs = 3.4000 GeV
i
1]
il

2000

Prongs / 0.03

[==]

10

5000 -

{s = 3.4000 GeV

2000

1000

Prongs / 0.03

0.

D =

-0.1

10

0.1f

0.1k

-1 05 0 05 1
cosO

LUARLW

Events

2000
1500 F
1000 F

500

x \s =3.4000 GeV

0.5F
of

0.5k

HYBRID

§_+++++_+++Jf #fr#ﬂ##*jﬁ#}gﬂ#gﬁ+ﬂ++¢{#++++*+ﬁ+f__

-1 -05 0 05 1

cosO

Events

10

2000 &
1500 F
1000 F

500 F

Vs = 3.4000 GeV

05EF
OF

05k

0

4
2-pr.
N prg

iso

Both models show good agreement with data!

Marco Maggiora - HSwS 2024
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ratio of EMC deposited
energy and momentum

Prongs / 0.02

Prongs / 0.02

2000{-

1000

2000 -

1000 -
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BESIII experimental R data in the range 2.2 = 3.7 GeV

TABLEI. Summary of systematic uncertainties (in percent) at each c.m. energy, where the total uncertainty is the sum of the individual
ones in quadrature. Uncertainties from the last four sources are correlated between the energy points.

Event QED Beam Trigger Signal ISR
Vs (GeV) selection background background Luminosity efficiency model correction Total
2.2324 0.41 0.23 0.28 0.80 0.10 0.60 1.15 1.62
2.4000 0.55 0.27 0.15 0.80 0.10 1.11 1.10 1.87 %S m
2.8000 0.58 0.28 0.34 0.80 0.10 1.97 1.06 2.48
3.0500 0.61 0.33 0.41 0.80 0.10 1.76 1.01 2.33
3.0600 0.60 0.34 0.48 0.80 0.10 1.84 1.00 2.39
3.0800 0.61 0.35 0.35 0.80 0.10 1.31 1.05 2.02
3.4000 0.65 0.33 0.16 0.80 0.10 1.86 1.24 2.49 .
3.5000 0.60 0.35 0.62 0.80 0.10 2.05 1.16 266 14 energy points
3.5424 0.61 0.37 0.01 0.80 0.10 2.05 1.14 2.58 -1
3.5538 0.66 0.31 0.39 0.80 0.10 2.22 1.13 2.74 total Of o2 pb
3.5611 0.74 0.34 0.34 0.80 0.10 2.28 1.12 2.81
3.6002 0.66 0.33 0.38 0.80 0.10 22 1.09 271
3.6500 0.53 0.35 0.69 0.80 0.10 2.28 1.13 2.83
3.6710 0.61 0.42 0.63 0.80 0.10 2.23 1.04 291

e accuracy dominated by systematic uncertainties
* statistic uncertaties: ~ 0.35%

2024/04/03 Marco Maggiora - HSwS 2024 PRD 128, 062004 (2022) 48
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