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BESIII introduction

LH spectroscopy:
* The n;(1855) exotic isoscalar state
o n(1405)/q(1475) and J/yp—K°sK’sn® Mass Independent PWA

« PWAof J/)—yy@

* X(2370): glueball-like particle in J/p—yK°sK'sn

* X(1880): a new state observed in J/Y—y(3ntn)

* Observation of a narrow structure near the p/T threshold

Fragmentation function at BESIII:
* Normalized differential cross section of inclusive n%/K’y/n production

Summary and Conclusions
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The BESIII wbperw BTPCII
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Chinese Academ y Qf Sciences

BESII

Nucl. Instr. Meth. A614, 345 (2010)

2004: started Beijing Electron
Positron Collider II/BESIII
construction
v Double rings
v Beam energy: 1 - 2.45 GeV
v’ Peak luminosity:
1.05x1033 cm2s! @ ¥(3770),
achieved in January 7th, 2023
2009 — today: BESIII physics runs
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BESIII dataset and physics programy

Optimised for flavour physics in the t-charm region

H(3686) PY(3770):
9 - 293fb! +
J/l,b 10.1X10 3.8x10° 5.6 fb! (2022) trom PDG
102: T T T T T T T T 7 T ’ T T T T T T T T > T T
T~ [ ; | | WA160); | :
gl u, d' S § - J /4 BES II '06 09 (4040): ‘391 P(4415): ’
1 ? loop PQED 1°F g i 0.5fb! | L' ¢
"? T 10 f---------- Naive quark model = ; Mark-I + LGW : ’ .
o 2 o 15 F B Mark-II & ; ]
£ | s X - r ® PLUTO | ]
e s e o e iy D R ; 5 Ce5EEBAT L 1/?,1,,r, A .
noo T Inclusive: +H 4 | * BESII'99 01 ‘ “ | b oo .
=3 f ¢ KEDR 1 f ji, SmEE0R | ]
| * BES I1'99 °01 sE | ‘ ]
10 F = B t ‘ ’ | ‘ ‘ £ ‘ _— - ]
® BESII'09 L, ototg s—te—lo el S0l ~23 fblabove 4 GeV (XYZ) -
| L L L ‘ L L ! L L L - L I | | | l | [ L 1 l’ :
1.5 2 2.5 3 3 3.5 4.5 5
(s) [GeV]
( 130 points N ﬂ Light hadron \ (. D°DOpairs (. XYZ decays and )
between 2 and spectroscopy * D meson spectroscopy
4.6 GeV (~715 * 1n/n’ decays decays * Open charm
pb T up to 3.08 * Hyperon physics .+ D¥ production
GeV for p*, o*, e Charmonium . . e Charmed baryons
\. ¢%...studies) J \ transitions J\ . - )
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https://pdg.lbl.gov/2022/reviews/contents_sports.html

Hadvrow Spectruwm

Hadron spectroscopy: establish the spectrum and study the exotic hadrons properties

Baryon Meson / Hadronic\

Glueball Hybrid Tetraquark MEleciils

Naive Quark Model: ... but QCD allows also different
conventional hadrons B :
combinations of quarks and gluons:

\ contain two or three quarks / \ EXOTIC hadrons /

A lot of exotic states observed experimentally, but their nature is still far
from being understood!!!

Light hadron physics

*  Meson and baryon spectrosco
1 JAXx 9 Y P PY
@ BESI[[ 1/ 10.1x10 T« Glueballs and hybrids
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New discoveries at BESIII

New particles @ BESIII

5
i Y(4790)
: Y(4390) Y(4500) Y@
. Y(4320)
. - Z.c(4020)‘ Z.(4020)° Y(4230) ,
— i ® . ©2.(3900)° Z.,(3985)'®
< i Z,(3900) .w2 (9623)
~~
>
()
Q) 3| 30 new hadrons at BESIII
R O . e
T X(2370) - N(2300) e oo o x5
= ) EX(2120) (2262)% @, (2250) X(2000)
[ @X(1870) (1840) &h, (2100
[ o ’71(1855)‘30(1817)“’ X(1880)

2012 2014 2016 2018 2020 2022 2024

o
(Manifestly exotic “Cryptoexotic’ exotic
e Quark contents more than g7 or qqq ||* ©Overpopulation of states
*  Quantum number JFC not reachable || * mass/width not fitting in spectra
for ordinary mesons or baryons * production and/or decay patterns
_ L incompatible with standard mesons/baryons
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http://english.ihep.cas.cn/bes/re/pu/NewParticles/

Huinting for glueballsy and new form of hadrgiass

» Charmonium radiative decays is the ideal laboratory for light glueballs and hybrids hadron
studies (clean, high statistics and gluon-rich process)

i’ Prediction from LOCD
y \ LQCD prediction 0" I
c T for Exotic Hybrids 1 i
J 10 + , 2" mmmm |
1 3++ —_
rg/y - y6)~0(aa?) % 1 0 -3+‘ —
G} g |
N\‘w T ) 07" m— . 13
4 - 1 |
¢ | =) o -
J/W O 6 - 0 w—
E i - Eo 2 ———
>__ | -
K r(J/$ - yH)~0(aa?) ) 3 mm e =390V || 12
< 247 x 128 | o+
N" 1 —_ + isoscalar 7 4 0
‘\N’\Y‘J\‘\‘\r + isovector i |
c m T - PRLILO,  1(j/y — yGoes) /Ty = 3.8(9) X 1073 o 1
J/w_ C 2 | 021601 (/l/j Y 0 )/ tot ()
[ M
PRL111 Y
. * T(J/h = yGy+)/T i = 1.1(2)(1) X 1072
I/ = yM)~0(ac) 091601 ( /‘/f Y4, )/ tot (2)(1)
0 0

Glueballs and hybrids are ++ —+ +— —

Y
. N PC
Jhy g-') expected to have a larger
c https: //doi.org/10.1142/50218

yield compared to mesons
301309012124

rg/y - yF)~0(aas)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094505
https://doi.org/10.1142/S0218301309012124
https://doi.org/10.1142/S0218301309012124

Huinting for glueballsy and new form of hadrgiass

» Charmonium radiative decays is the ideal laboratory for light glueballs and hybrids hadron
studies (clean, high statistics and gluon-rich process)

LQCD prediction
for Exotic Hybrids

» Exotic Hybrids:
JPC=0", 172"
(forbidden in the
conventional QCD
scheme) |

» The exotic J’¢ = 17" nonet

of hybrids is predicted to
be the lightest

» Only isovector candidate

observed yet: m;(1400),
;(1600) [
I,

1,(2015) \! y,
» Isoscalar 17" hybrids is important to establish the hybrid nonet
» Can be produced in J/y radiative decays

» Can decay to nn’ in P-wave (PRD 83,014021, PRD 83, 0140006,
Eur.Phys.J.Plus 135, 945)

m 6P9)=1"(17%)
N

K, 160P)= 3 (17)

2..5 GeV

1 vGr1PCA — ~
IO A L 6 ) N1 160P9=0*(1™")

BESIII experiment offers the ideal
environment for this search

2.0GeY

Jy—mny’
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094505
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012005

Obsesvation of Exotic Isoscalow Staten; (1855) in J/ip—ymi.

PRL 129, 192002 (2022)
PWA of JAp—ynn’ using 10 Billion of J/ data (@ BESIII PRD 106,072012 (2022)

> Noyy and N’ —yrm/ T PRD 107,079901 (2023)

400F 7 T T T = C T T T a
< [+ @xof= 157 ; < wol.  ©xdof= 152 4. E
c Y s ] =i 1 3. ' ;
= f e ] = aoof E
c n T 200f — 1 tfiess) . 8 ]
g : «««« PWA fit projection (exclude n‘) : %} 200 I~ -
- % — PWA fit projection (baseline fit) - r ]
n :>J’ 100: _ e ) % 100F ¥ 3
055 2 2.52 b ten OE‘&‘: ;";Ts ] = :
. _ M) (GeV/ M GeV/
> An isoscalar 17 state, ) (GeVie) (rm)(GeVic’)
n:(1855), has been observed : , , :
with statistical significance ¢ 40f  ©x¥dof= 124 .,
larger than 19¢ 3 s00f E S 4oor
» Mass is consistent with 8 o E R
. 27 ;o i ] it
LQCD calculation for the I ' @ 2%
. 100F -
1=" hybrid (1.7 — 2.1 P . .
2 0= T I Sy O =35 . o0 05 1
GCV/C ) M(YT],)(GeV/CZ) * COSBn

*spin information

M = (1855 £ 9F8) MeV/c?; T = (188 4 1813) MeV
B(J /v — yn1(1855) — ynn') = (2.70 £ 0.4175:3%) x 107°
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.072012
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.079901

J/p radiative decovy: PWA status inv v nutshell

0+ 2+

J/Ah—ynm (PRD87,092009)
Jp—yn'm® (PRDY2,052003)

JAp—yPP Jp—yK Ky (PRD98,072003)
JAp—ynMn’ (PRL129,192002)
JAp—yn’n’ (PRD105,072002)
Jh—yw@d (PRD87,032008)
JAPp—yVV Jp—ype (PRDI3,112011)
JAp—yo® (PRD100,052012)
Jp—yPPP JAp—yn’ e (PRL106,072002,

noPWA)
JPp—yK KN (PRL115,091803)
Jp—yK Km0 GHEP 03,121)

* Mass Dependent (MD) PWA: model the dynamics of
particle interactions as coherent sum of resonances

Jhp — yPP: 0+, 2+,

JAp — yPPP,yVV: 0~
Neutral channel is much

cleaner than the charged
ones

Amplitude Analysis: toll
to extract the complex
amplitudes from
experimental data

Models with free
parameters

Consider the kinematic of
final states particles

Vary the parameters to
maximize the likelihood

* Mass Independent (MI) PWA: make minimal model assumptions and measure the

dynamical amplitudes independently in small regions of two-meson invariant mass
(JHEP 03,121 (2023))

Isabella Garzia - QCD@WORK 2024~ June 19, 2024
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Toward then (1405)Mm (1475) pugsgle solving

JHEP03(2023)121

What’s the nature of pseudoscalar structure with a mass around 1.4 GeV/c? (the so called

“” state) ?

* Observed first in the J/y radiative decay to the KKr final state in the early 1980s by
the Crystal Barrel [PHL 97, 328] and Mark II [PRL 49, 259]

» Quark model predicts only one pseudoscalar 1st radial excitation
meson near 1.4 GeV oy
» Theoretical interpretation: . ‘x — ®
> 1(1475): first radial excitation of n° 3 Y e
> 1(1405): glueball candidate s | e iTeo)
» LQCD prediction for the 0~ lightest glueball [ n(958) K -~
candidate: [2.3-2.6] GeV 4 weN T
¥n(548)
2 s 4 s
n
n(1405) and n(1475) are two separate states or What’s the nature of
just one pseudoscalar state, namely 1n(1440), in the outnumbered
different decay mode? n(1405)?
11
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

J/p—yKOKOst0 - Mass Independent PWA

, , , , JHEP03(2023)121
» Mass independent fit by scanning the invariant K°%gK%m" mass e
> identification of the strongest waves ::zzz o S @0
» The pseudoscalar component is the dominant contribution % sooof- vy *;*'**%*:.; E
> relatively constant around 1.4 GeV/c? s o A T
> (KO%KO5)s yavet® and (KOm0)p_yaycK ' partial waves are <, F ™ 7 e
of comparable magnitude, but with different line N A I
shapes and peaks M(KKER)(@eV/e?)
» two resonances parameterization needed T T
» Axial vector component peaking at 1.28 GeV/c? and 1.42 2 e 3
GeV/c?; Tensor component around 1.52 GeV/c? decaying g ot som - :
into K*(892)K%% observed for the first time : e *** ;
@ 4 B T ]

2 . I S i pintinty SETL PPN IFPIPINE IR IR PRI
Resonance MMeV/e) T(MeV) COHSIStenCV between M1 125 1.3 135 1.4 145 15 155 1.6

n(1405)  1391.7 +£0.710%%  60.8 £1.2755, and MD results M(K2KE)(GeV/c?)

n(1475)  1507.6 £1.61135 1158 +2.47148 12000 +-om . (€) A

. Nig [ —4— 1 a 080w ha e =

1259 — — Theorists attempt to reveal e T - :

1(1285)  1280.2+£0.6712  28.2+1.1757 @ 8000fF ° - - 3

the n( 1 405)/11( 1 475) pOle g s00oF 1 K (892K M1 :

f1(1420) 14335+ 1.1%3%°% 959 £ 237135 structure 2 4000: oo T ]

[ — -

> - .- B

f2(1525) 15154 4+25732 64.0 £4.3720 [PRD107, LO91505] ™ 2000 o -~ e

ok :nt‘.‘ms.., el e iso

A i a
125 13 135 14 145 15 155 16
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

PWA of J/ip—vv¢

The decays J/Yp—yX, X— yV (V =p, o, @) serve as flavor filter
* unravelling quark contents of the intermediate resonances

arXiv:2401.00918

T saf 1000k XN, = 115.40/80= 1.44 ] o P
S 550 l4o % 1000 X /Ny, = 115.40/80= 144 (a) < {155
S SF d -135 E - 1,(1420)
framework usedto &, 45 (d) | 30 0 ,(2330)
disentangle the = 4 o5 = - 1,(2010)
T 3sf T 500
structures in the - 20 P - -,
Dalitz plot o 15 g =A%)
p 25F ‘0 i [ £(1510)
2F
g 0 X(1835)
1.5;— E I5 5F - ‘.,’.s T _n w“! f,(1950)
BTd s s 7 8 9 100 R PRNITIT IS e
M2(Yhigh¢) (GeV/c* 1 12 14 16 1.8 ) 2 22
M(Ylnw¢) (GeV/c?)
< 0F N, = 97.15/80= 121 (b) 4 o
2 [ XNy = 71 e (b) { --t(1285)
2 i 1 --f(1420)
L0 400 = f,(2330)
o [ 1 --1,(2010)
b - 1 --n,
‘% 200 1 --n(405)
T [ ] f(1510)
0 -~ X(1835)
SF . : 7 --1,(1950)
R Op- - ot AN S Vo™ s,
3 T8 7 22 27 25 285 5

M(y hioh¢) (GeV/c?)
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https://iopscience.iop.org/article/10.1088/1742-6596/331/3/032005

PWA of JAb—vvé

The decays J/Yp—yX, X— yV (V =p, o, @) serve as flavor filter
* unravelling quark contents of the intermediate resonances

Resonance M (MeV/c?) I' (MeV) B(x1076) Significance
£1(1285) 1281.9 2277 0.2940.0370:33 17.30
£1(1420) 1426.3 54.5 0.5540.0715:18 9.00
n(1405) | 1422.0 21757 86.3+2.77%f,  3.57+0.18703) 18.90
f1(1510) 1518.0 73.0 0.7840.0913-33 5.30

5 (1525 1517.4 86.0 2.76+£0.181029 16.40

f ( ) 0.61
X(1835) | 1849.3 +3.0%75, 179.6 +8.722% 3.3740.1919 78 15.30
f2(1950) 1936.0 464.0 9.96+0.601513 13.10
2(2010 2011.0 202.0 4.6340.437142 11.30

f ( ) 1.46
f0(2200) 2187.0 207.0 0.20£0.0475:05 6.30
Ne 2983.9 32.0 0.214:0.0319 3 12.90

* n(1405) and f;(1420) are needed to describe the
structure with mass around 1.4 GeV
* X(1835) is confirmed to be 0~ with a sizable ss
component
* n.—Y® observed for the first time
* No significant signals are observed for n(1295),
n(1475), n1(1855) and X(2370)

Events / (16.5 MeV/c?)

Events / (18.75 MeV/c?)

X

arXiv:2401.00918

-
o
o
(=)

5001

A |
S

R T S
N e

- X2/N,,;, = 115.40/80= 1.4 (a)

PR T T N S T T |

<o uo
T

- ‘ -
T !-.'f‘yw°~°;~:»’°;m¢.,9.‘;g¢;‘m

L

1.2

14 16 1.8

Mey, _,9) (GeV/c?)

2

2.2

[22]
o
(=)

4001

200

- 2N, = 97.15/80= 121 (b)

2o o
L) L)

- ¢ * L 3
im— .OW ) “ﬁ.‘”ﬂ;.;# ) .'..,” “‘M el

6

1.8

2

2.2
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X states observed inthe JAp—ytrrtn’ decay

PRL 95, 262001 (2005) PRL 106, 072002 (2011)

:\T\ 120 ) [r 11 T T
(&) Q r .
S § 500 B'Gsm ‘ X(1835) X(2370) 7 4000
QO (QD) - P\ X(2120) ] <3500
" [&) C
E 80 N \ e, “ S -
8 g gsooo:
%) % &2500 _
E 40 o Ezooog
& m 1500
a 111000
0 500 F
1.4 2.0 5 2.6 y F
M(z'zm’) (GeV/c?) Mpn(GeVie?)

58 x 10° /1 events 225.2 x 10° J/4 events

200

» Structure just at or below pp threshold: X(1835)

150

» Non-trivial line shape: try to fit with Flatté or

sum of interfering BWs 100

» Additional structures: X(2120), X(2370), ?

Events/(0.01GeV/c?)

50

vyKKn’, EPJC80, 74

PRL 117, 042002 (2016)
BeS

L L e |

-
—+ Data

— PHSP MC
[ Background
pp threshold

£ X(1835) x(2120)

ST

o.."ﬁ l.. .' a.' K * ”»

™

E £,(1510)° |

-
.
o

L Jhy KK, nosmtmn, n-yy

| —— Data ~ = Chebychev
[ it -=-* PHSP ]
- Fitresut Total bkg

[ %% Signal X(2370)
[ Jhy— K™K '+ c.c.
[ sk’

sideband

I

My (GeV/c?)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.262001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.072002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.042002
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8078-4

PWA using 10 Billion of J/i data
@ BESIII

» Minimal background contribution:
JY—1K K’ and
JP—K K’ since they are
forbidden by exchange symmetry
and CP conservation

» oy /mrn; K —»ntn

» Strong enhancement near K%K
mass threshold from £,(980)

e Clear connection between f;(980)
and the structure around 2.4 GeV

« M(K%KDO%) <1.1GeV to select the
£5(980)

MKgKg (GeV/c?)

X(2370): Glueball-like pawrticle ivv
LT JAp—yKOKOn’

PRL 132, 181901 (2024)

.......................

- -
o 0 N

-
.
N

1T

—
.
T T T T

------------------------

Events / 0.015 GeV/c?

T T T T

S
n'—n'Tn

* Data

i3
(=]
S B

Events / 0.015 GeV/c?
w
o

20}
10}
2 22 24 26 28 3 0 2 22 24 26 28 3
K Ko GeV/c? MKgK;’n- GeV/c?
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

lig hi

J/p—yKOKOn”

state /.IIP C‘\ Decay mode Mass (MeV/c?) | Width (MeV/c?) | Significance
X(2370) [0 | fo(980)7 2395*11 18818 14.90
X(1835) | 0~ f0(980)’ 1844 192 22.00
X(2800) || O~ Jo(980)n’ 27992;% 660:1?2 16.40
e 0~ fo(980)’ 2983.9 32.0 > 20.000
PHSP \0_+ | 7 KOs wawe | === — 9.00
/| 7 (KK D-wvave - - 16,30

T

* Best fit can well describe the data including resonances
X(1835), X(2370), X(2800), 1.

* Spin parity of X(2370) is determined to be 0~ for the
first time with significance greater than 10c

» X(2800): broad structure to describe the effective
contributions from possible high mass resonances
(X(2600)) and the tail of the 1 line shape

M (X (2370)) = 2395 + 1115
I'(X(2370)) = 118" (stat)+124(s1st) MeV

¢ MeV/c?

Good agreement with

LQCD prediction of

lightest pseudoscalar
glueball

1

(aV)
o1
~

-
(=2
(=]

-_— o

Events / 0.002 GeV/c?

X(2370): Glueball-like pawrticle ivv

PRL 132. 181901 (2024)

60

2

80} ()

LA L L B B B
12y, =82.68/69 ]
{ Data ]
—— MC projection _:'
[ Background ]
----- Non-resonant E
----- X(2370) =
X(1835)
X(2800)

22 24 26 28 3
., (GeV/c?)

SN b
o O O

._ 102 1.04 1.06 1.08 1.1

(GeV/c?)

K°K°
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

X(1880): A New Stute Observed inv

20000

10000

Events / (10 MeV/c?)

Events / (4 MeV/c?)

i ¢ data a)
. — fit result

| eee X(1840)

+ e total background
i == non-resonant

Jy—-n03(ntr)
polynomial

M o o

1.8

M(6m) (GeV/c?)

~

C)ooo

= 10000

10 MeV/c?

Events

o
a
=3
=3

Events / (4 MeV/c?)

¢ data
; —fit result (b)
;== X(1840)+X(1880)

P X(1880)

: - total background
=''non-resonant

X(1840)

interference term

Jhy—-n03(n)
polynominal

Aponma O
TTT [ T

—i

——

\

1.8 1.9

M(6r) (GeV/c?)

Jp—y (31Tt7T)

PRL132.151901 (2024)

10 Billion of J/i data @ BESIII

(45 times larger than the sample previously analyzed)

 Study the line shape around the pp threshold

e Understand the nature of the X(1840) previously observed
in the J/Y—y3(n'n") [PRD8S,091502]

e An anomalous line shape near the pp mass threshold is clearly
observed
* Two models:
1. opening of the X(1840)—pp decay
2. interference between two resonances

Parameters

M (1840 (MeV/c?)
I'x(1840) MeV)

Solution II

18325 +£3.1+25
80.7+52+£7.7

Solution I

much narrower than X(1835)

Bx(1340) (x1075) 1.194+0.30+0.15 2.07+0.50 £0.36
Mx(1830) MeV/c?) 1882.1 +£1.7 £0.7
T'x(1ss0) MeV) 30.7+55+24

Bx(1ss0)(x1075) 02940204009 1.19+0.31+0.18

Observed line shape consistent with two overlapping
resonant structure: X(1840) and X(1880) (100)
—> complex resonant structures near the pp threshold

Isabella Garzia - QCD@WORK 2024~ June 19, 2024 18



Observation of v nawrow structiure
neow the pA threshold
PRLI31, 151901 (2023)

35

Evidence of a structure in pA was reported in several decays

of B mesons and charmonium states (PRL90,201802; PRL93,112002; 10f i .V_S=4-178 GeV !
PRD79,1129) ; . *
— — ~ 8F —25
e ¢'e"—pK A: anomalous enhancement near pA threshold .;E i .
(named X(2085)) with stat significance greater than 20c 8 of :5
e amplitude analysis for spin parity determination: 1+ Tl o
with stat significance greater than 5o i :'E‘" s
* No matching with the prediction from potential model e A,
and the narrow width = exotic properties of X(2085) ? ) Mlz)K_(G:VZ,C4) ’
| Mpoe = (208673 £9) MeV and e = (5675 & 25) MeV)
10k (@)  x¥nbin=1.10 ) (nbin=117 |0l (© x2/nbin=1.04 |

—+— Data

EI Eotzll(l Fit "
ackgroun

150 K;(1980)

— K;(2045)

K, (2250)
— N(1720

100 — N§2570;
— A(1520)
— A(1890)
— A(2350)

200
100

100

wn
=3

50

Events / (26 MeV/c?)

2.0 25 3.0 35 T 25 a0
m, (GeV/c?) m - (GeV/c?) m, - (GeV/c?)
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Unpolarized Fragmentoliow Function at
BESIII
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Unpolariged Fragmentatiow Functions

Hadron formation '
N\ Parton Shower .-
e’k A«,—"{\r S .
. > .
 How many particles and how | 3 Fragmentation
: AR APt 8 ,
many jets created? P 3 Functions
, e S
* What fraction of the initial Ny, g (FFs)
; Rege. o
parton momenta do they carry? 7 4 *
electro-weak O(a,’) Leading-Log QCD
Lhttps:/ /pdg.lbl.gov/2019/reviews/rpp2019-rev-frag-functions.pdf < )
Pion/
& Kaon ‘N ChX
u [ A
o = 0 ® PDF @ FF

0%3”@“”@ &

~—

To accurately extract the Parton Distribution Functions (PDFs) more precise FFs are needed
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Unpolariged Fragmentatiow Functions

1017-'"‘l""l""l""l“"l""l""l""l""l""—
O 4
1016;%% From PDG -
= h | Y 107 -—°\.z°°°*> .
€ 1 do(ete > h+X) 2 .EP 'y 0
. o(eTe” — hadrons) dpy, ; 3
D" (z, u?) S
X
B D: unpolarized FF
e

\ World Data (Sel.) for e*e’ — n=+X Production |

/o, do/dx x c(Vs)

0.01 ||||

0 01020304 0.5 06 0708 09 1
X BaBar:
z PRDS88,032011
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https://doi.org/10.1103/PhysRevD.88.032011

Unpolariged Fragmentatiow Functions

1017

1016_

X

D: unpolarized FF
et

Global fit analysis (e+e-, SIDIS and pp data)
performed in order to extract the FFs for gluons and
different quark flavours

i} Q@=10Gev* [ 1k “:'ﬁ L
15 r - *TH;IS FIT / DSS -
DSS fit: - ) p
pup————— <
PRD 91, 014035 g
(it includes Belle N P
and BaBar data) preee
Té 1 :gluonl
‘e"‘ sy

1 I ook L L L L L L N
0.2 0.4 0.6 08 0.2 04 0.6 0.8 0.2 0.4 0.6 0.8
z z z

=05

] 1015_

€ h 1 do(ete™ - h+ X)
i o(ete” — hadrons) dpy,
D%z, 1i*) '

/o, do/dx x c(Vs)

0.01

01020304 05 0.6

X
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Inclusive 10 and KO production @ BESIII

PRL 130, 231901 (2023)
ete~—m0/K0%+X studied at six c.m. energies from 2.2324 to 3.6710 GeV Suppl. Material

* M(yy) and M(mt*rt-) spectra divided into Apr/x=0.1 GeV/c intervals in order to extract the
corresponding number of signal events

. . . . Ngbs 1
e Normalized differential cross section: s —JSn
Npai APn
8f s = 2.2324 GeV V5 = 3.0500 GeV 0.3k Vs=22324GeV | is=30s00Gev | NNFFLO, ARS, AKRS:
6: [ nnFF1.0 NNLO - g:;?&"m‘o inclusive e+e- data at NNLO
F | | MAPFFNLO a 3
af o R 0.2} +++ + accuracy
L = ARS NNLO L + _—
2F DSS NLO 0-1:' e 75a < MAPFEF:
9 - i ol b ke T, 1| t+Lepton-proton fixed target
) i S :
E 8 Vs = 2.4000 GeV E 0.3F Vs=2.4000 GeV [ /s = 3.4000 GeV :
> 6 N 2_ ++ 3 + Lepton-proton fixed target and
o lat 4f gg &k + s proton-proton collision
< L o 3 gy
™ b-‘: exerbld | T tetoedee = b": o 1 PRl IR .- S A SRR n'.T" |
8r Vs = 2.8000 GeV 0.3F Vs = 2.8000 GeV Vs =3.6710 GeV Disagreement observed to
: +4 -
2 0.2 8 depend on both c.m energy
4 L
ob 4 ot "8 and hadron momentum
-.-":' I :.-f S el ieies e ST SR B SRR l-.-n*.- na SNEREN T SN ETEN B 1\-..;.?."
0.5 1.0 - : - 0.5 1.0 05 10 15
p, (GeVic) p,, (GeVic)

Leading twist calculation not sufficient at BESIII energy scale? Consider quark mass and hadron mass correction
effects? small-z resumption effects? problem in the extrapolation of FFs from high energy data to low-energy scale?
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.231901
https://journals.aps.org/prl/supplemental/10.1103/PhysRevLett.130.231901/Inclusive_pi0_Ks_Supplemental_material_PRL_3rd.pdf

Vs=2.9 GeVi; p,,€(0.4,0.5) GeV/e

Inclusiven production @ BESIII

2500
2000
1500
1000

Events / (10 MeV/c?)

500

03 o4

Experimental observation:

Npbs 1

0.5

N, had

« AESSS prediction: NLO, pp data
and e*e~ data from Vs>10 GeV
Huge tension with BESIII data

- BESIII fit: e¢*e™ data from Vs>10
GeV (except unpublished BaBar
data) + BESIII data + NNLO +
higher twist effects + hadron mass

corrections

App,

0.6

M(yy) (GeV/c?)

fn

arXiv:2401.17873

Normalized cross section of the inclusive process

e"e”—n+X measured at 8 c.m. energies from 2.000 GeV

to 3.6710 GeV

* more info on the hadronization process since the n
wave function contains all light quarks and

0.8 antiquarks
04 Vs =2.0000 GeV [ Vs =2.6444 GeV [~ Vs = 3.5000 GeV
I " I
- - - & o - ++
— 02F Ne- - £ 1 R ++ ++
~ L b gl L o L PY
> [ = [ & » A
» ¢ snmg ¥ Okl P - Teo, B
[ P LT - o L -l].-..;'.:.' la. _ -u-"l'.'-..lm_l
g 04 Vs =2.2000 GeV Vs =2.9000 GeV [~ Vs =3.6710 GeV
g i
1= = o o
SRS i ++ L e [ +++
~© 02 ¥ & L & . L T %
E 5 i X [t *
- = -O= @ L + euNy, '.'
S Ny AT p [ e, & [ 4*° “tee., oo
vl .: ...... s lo- LT ;ar.:.. d O L rryaa® "
04 [ Vs =23960 GeV [ Vs = 3.0500 GeV 05 10
o2k +++ i -0'..-0-.._ - BESllaaa  bp g3 034002
“r 7 & = = = AESSS predicti
- -O- L -.-_._... prediction
[ #.cenn., R [ A, BESIII fit
ol L n 1-.-.-1‘.' 4 AL L 1?-.'?.‘-.0-_0_-._
0.5 1.0 0.5 1.0
p, (GeV/c)
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https://arxiv.org/pdf/2401.17873

Conclusions

BESIII experiment is an excellent laboratory to study light hadron physics, search for light
QCD exotic states, study the nature of XYZ mesons, as well as study charmonium and
charm physics and QCD features

» Exciting results from new J/i data are presented:
» n(1405) and glueball candidate X(2370)
> m1(1855): isoscalar 17 spin exotic state
» X(1880) a new state observed in J/p—y3(n'n)
» pA structure
» Unpolarized Fragmentation Functions
» The normalized differential cross section of inclusive n%K9%/n production are measured using
BESIII data
» Charged K/n/¢p/K*(892) analyses in progress

» Analysis in progress also for the polarized FFs )
PX10%1 {pgrade BEPCII
~ | (BEPCI-U)
From July 1 to-December 31: £ oo |
Machine shutdoww for the upgrade e S
Upgrade in energy (5.6 GeV) and luminosity (BEPCII-U, 3x) " p
» Opportunities to study other charmed baryons (X, &, Q.) 2x 102} '.
in the BEPCII-U .; 2. . y ) :

Ecm (GeV)

» Remove the inner MDC and replace it with CGEM

25
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The BESIII Detector

I |
Nucl. Instr. Meth. A614, 345 (2010)
RPC: 9 . RPC: 8
ayers S — ayers

SC
Solenoid

Barrel
ToF

Endcap
ToF

cC

ToF e
.~ 68 ps (barrel)
o,~ 60 ps (end =
caps, )

Q

Electromagnetic CsI(Tl) Calorimeter RPC Muon Detector
Drift Chamber op/E <2.5% @ 1 GeV (barrel) AQ/4T=93%
0y~ 130 pm (single wire) or/E<5% @ 1 GeV (end caps)
0,/P~0.5% @ 1 GeV Oy ~ (6 mm)/E'? @ 1 GeV



https://link.springer.com/article/10.1007/s41605-021-00251-y

X(2370)

X(2370) measurements: LQCD prediction on lightest pseudoscalar glueball:
Jre = 0-+ with significance >9.8¢ Jrc = 0+
M = 2395 £11+26.0s MeV M = 2395 +14 MeV

r = 188+18_17+124_33 MeV
B(J/w—yX(2370))B(X(2370)—fo(980)n’) B(fo(980)—K0sK0s)

—1.31 £ 0.22+285 0 5, x10-5 B(J/y—yGo-+) = 2.31 + 0.80 x10-4

PRL 132 (2024) 181901 PRD 100 (2019) 054511

¢ The measurements are in a agreement with the predictions on lightest pseudoscalar glueball
+ The spin-parity of the X(2370) is determined to be 0-+ for the first time
+ Mass is in a agreement with LQCD predictions

+ The estimation on B(J/y—y X(2370)) and prediction on B(J/y—yGo.+) are consistent within errors
(assuming ~5% decay rate, B(J/y—y X(2370)) = 10.7+22:87 x10-4)

Courtesy of Yanping Huang




_ Why CGEM-IT ? I

Gain loss of the inner MDC

—_
—_

c T
RPC: 9 | RPC: 8 8 F
Electro Magnetic C A
layers Calorimeter ayers ':2; ifeeesesesge " r‘iw“b*%" %@*5 aidie
° E"M i 1;‘: ﬁ
0.9F *wgf
SC HEs e
Solenoid it e
(O:,; T g e
Barrel [av) ~ . 0] 2008
\\ i i . 200
cl\o 0.7 R L] 2011
o Av: et P2
Endcap o \& N S =
ToF %2 gt P E
sC S 05[% - =
Quadrupole S -
H 2 = = 0'40\ 11 ISI L |10| 11 I15| 11 \201 11 |25I 11 |30I 11 |35| Ll 140| Ll |
layer
Gain loss per year ~4 %
Layer 3~x
Layer 2—® - —_ . I . . .
Pt Re/adout eectronics o Replace the inner MDC with 3 layers of cylindrical

triple-GEM detectors

* Improve rate capability, aging and secondary vertex
reconstruction, while retaining the current
momentum and tracking performance

Main system requirements:

rection o Low Material budget ~1.5% of X in total

o Spatial resolution of 130-150 um with charge and
time readout




Structures between 1.8-1.9 GeV

J/ ll’_’YKsOKsOn
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0 onk ~
; 70¢ — MC projection >
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(0] ---- X(18: 2
8_50' —
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> i ! — — n(2225) ©
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Further Checks onwthe n;(1855)

PRL 129, 192002 (2022)
PRD 106,072012 (2022)

The cos(0,)) distribution can be expressed as an expansion in terms of Legendre polynomials;

the coefficients (unnormalized moments of expansion) (v

characterize the spin of the nn’ resonances

» Neglecting resonance
contributions in the yn)
subsystem and amplitude
with spin greater than 2,
the moments are related
to the spin-0 (S), spin-1
(P) and spin-2 (D)
amplitudes

» Good data/PWA
consistency
» Narrow structure in

<Y9>:1;(1855) P-wave

component is needed

* Assuming mr|’ system has zero helicity

e
o
o

Weight sum/(10 MeV/c?)
(4]
o

Weight sum/(10 MeV/c?)

B3

i=1

Ny,
) = Z WZ'YIO(COSQ;)‘

CQN

(10 MeV/

N
o

/ Weight sum/

o

—F\/myl% = 2SPcos¢p + 4PD cos(¢p _?D)h

without
n1(1855)

15 2 25
M(m')(GeV/c?)

W

Var(Yy) = 8 + P? + D?
@ Data-Sideband
— PWA fit projection
= === PWA fit projection (no n;(1855))
0
E (Yy
1.5 2 2.5 3
M(my')(GeV/cd)
k3
Var (YY) = ﬁpz + MD2 +2SDcos¢p
15 2 25 3
M(my')(GeV/cd)

Weight sum/(10 MeV/c?)

[F 6
Van(Yy) = 7D2

M(m)(GeV/cd)

Isabella Garzia - ‘University of Ferrara and INFN


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.072012

Discussion about {5(1500) and f,(1710)

; SRTINE : PRE129, 192002 (2022)
The dominant contributions in the baseline PWA are from scalar resonance: prD 106.072012 (2022)

Decay mode Resonance M (MeV/c?) T (MeV) Mppg MeV/c?) T'ppe (MeV) B.E. (x107°)  Sig.
fo(1500) 1506 112 1506 112 1.8140.117013 >300]

fo(1810) 1795 95 1795 95 0.11£0.01%503 11.10

fo(2020) 20104615 203+9°13 1992 442 2.2840.12102% 24.60

J/b =X = ynn' | f0(2330) 23124777 6541073, 2314 144 0.104£0.029:2) 13.20
n1(1855) 18554+9%% 188+18*3 - - 0.2740.041003 21.40

f2(1565) 1542 122 1542 122 0.3240.05105 8.70

f2(2010) 2062+611° 165+1713° 2011 202 0.71£0.060: 00 13.40

£4(2050) 2018 237 2018 237 0.0640.017023  4.60

0** PHSP - - - - 1.4440.1510°20 15.70

J/Y = n'X — ynn’ | hi(1415) 1416 90 1416 90 0.08+0.0170:0) 10.20
hi1(1595) 1584 384 1584 384 0.1640.0273:93  9.90

B(fo(1500) — nn) =(8-965882t0=2} , ,
= Consistent with PDG
B(fo(1500) — 7m)  (1.66+:42 x 1071) *

B ( f0(17 10) — nn’ ) — = 6——t=5- This suppressed decay rate supports the hypothesis
(

< —3 * that the f(1710) has a large overlap with the ground
B(fo(1710) — ) 2.87 x 10 0 g p g
fo( ) ) state scalar glueball (PRD 92,121902)

@90% C.L.
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.121902
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.072012

X(2600): A New State Observed inw Jp—yTt Tt iy

10 Billion of J/p data @ BESIII (' —yr'n /ma'n") PRL 129, 042001 (2022)
NI e L2 VT Rl M LA

Dol @ e v 2 0 B

8 - X(2370) * 8 or f

:15- X(1835) \ X(2600) . : X(1835) 70) X(2600)

g ol \ X(2120) s g . \ X(mo)\

S | St e o A new state in

= 5 E / w‘/\‘)\/ 1 S 4+ —\ .

s 2 / M(n’n*n”) invariant

0 S T mass is observed

Min'x] (GeV/ 02) around 2.6 GeV/c2,

which is correlated to a
structure in M(n"n") @
1.5 GeV/c?

N
N

-
(o]

d I
-
(o]

' |

-
H
T T T

Mr*r] (GeV/c?)
> o

M[rtr) (C_-:eV/ c?)

-
N
|

-
N
I

2 M) (Gevied)>® 2 M=) (Geviey”™®



https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

X(2600): A New State Observed inw Jp—yTt Tt iy

PRL 129, 042001 (2022)
» Simultaneous fit to n’7"n~ and n*7 mass spectra is performed

Resonance Mass (MeV/c?) Width (MeV)
£0(1500) 1492.5 £ 3.61 2 107 + 933!
X(1540) 1540.2 £ 7.013%3 157 + 191
X(2600) 2618.3 £ 2.01163 195 4+ 5+2¢
» X(2600) resonance observed
for the first time with a N ~: T _
. . . . 23 24 2. 5 2. 6 27 28 23 24 25 2. 6 27 28
statistical significance greater M,,..(GeV/c?) M,,..(GeV/c?)
than 206
A4ooo—(c)— P st
» The structure in M(mt'n") %35005‘ ; cé L‘igg 3
© 3000 c 3
around 1.5 GeV/c? canbe well =, F 1 = 1200f
) . . O N e N 1 o 3 o
described with the interference =~ Teooofp " M 1 bl T
between f;(1500) and the 2 Egg S T 1 2 eof S e "
o Iy N 1 @ 400F
X(1540) resonances T} 500F: .~ CTrme- ™ ] O 200 S
e e T e T VR BT T AT REY

M,..(GeV/c?) M...(GeV/c?)



https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

Dality Plot - J/p—yKOKOsTro

JHEP03(2023)121

7000 _ RF 220
&~ 6000 5 1'45— 200
b y. 135F 180
S D E
e 5000 > 13F 160
E 140
g 4000 2 BF 120
o S 12F
>, 3000 S E 100
2 so 1.15F 80
& 2000 ci;w 11 60
1000 S 1.05 E— :g
: 1E ;
: s 0
0065 0.7 075 0.8 085 0.9 095 1 105 1.1 115 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6
M(Kgno)(GeV/cz) M(KgKgnO)[o.ooseeV/cz / bin]
11F 50 = I2F 220
= 105E (e) 5 b (f) 200
e 3 400 ~ JE 180
N 50 L IF
S 095F = E 160
%) E 300 (0] 09 140
(0] 09F S E
'3 0855— 250 o 0.8F 120
S F S 3 100
3 200 3 =
& osf w = F 80
oo 0.75F & 06F 60
3 3 100 4 -
= 0FE & O05F 40
0.65 20 = o . 20
115 1.2 125 1.3 185 1.4 145 1.5 155 16  ° 04 05 06 07 08 09 1 1.1 0
M(KKn)[0.005GeV/c? / bin] MP(K? 7%)[0.010(GeV/c?)’ / bin]
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

Dality Plot - J/p—yKOKOsTro

https://arxiv.org/pdf/2302.01210.pdf
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a,(980) a/f0(980)

(a) (b)

Nx

a/fo(980)
(d)

JHEP03(2023)121



https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

Other Resuldty onv X (1835)

PRL 117, 042002 (2016)
| | | | e IR R

2500

: 1600 I' l I I I ' +gata :
i [ 7] — lobal Fit 1 S+
NN ] Do Ioymmm .
= [om %ﬁ S erresorene 1 Significant distortion of the n’m 7" line shape
@ " PP threshold ]
=eofw ™ Prieset 4 near the ppbar mass threshold
=l Two fit models are taken into account and both support
2 -
s [ the existence of a pp moleculelike or bound state
L 500}
0 B ’
1.3 14 15 1.7 2 21 22
Ml (GeVic) 1.3x10° J/ip @ BESIII
PRD 97 051101(R) (2018 JAp—yy@: two structures corresponding to
a0p T ﬂ( )( ). —————— N(1475) and X(1835) are observed
N§ - (Constr. Int.) N§ = i_ 115134575) (Destr. Int.) —: * X(1835) and 1’](1475) JPC=0
A 1 8 s0F = assignment favored
19 200/~ 18 Xa8s5) Qe Sizable ss component in X(1835)

E g - , 3o . ] —
= [ 4 o O ss)) X = « more complicated than a pure NN
3 R Rl i 7 state
° 0:“'"‘ ~ ": © 100 o
; = - ; L.y e e = g Solution Resonance mg (MeV/c?) ' MeV)

| TR SN N B S S A TR R N BN 0 TR P W T ION promee iy B e it 2 0 1 7o I (1475) UTT+7+13 118 +22+ 17

L 1.4M( 1).6(G \;/'82) 2 L MM( 1)-6(G \/1/'82) 2 (Destr. Int.)  X(1835) 1839 4+ 26 + 26 175457425

evic evic
i a CConsr i) Y  wmamezs  msisen
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Seawchvfor X(1835) invother decay modes

* JAp—on’nn hadronic decay and search PRD 99, 071101 (R) (2019)
for X(1835)— n’ntn-
e } &=2000
%00 - In?:ljsive MC +W # §
“g [ Jvow X(1835), } % + [0) i
E 300:_ X(1835)>n'n'n + + + E 1500_
= o
5 Iy = I
g 20of +ﬁ* ; 2 1o
2 B B = -
“ 100 . /’!’ L%) 500/
M . :
0 16. e 2 2.2 .'2.4 9 ]
(GeV/c?) 41516171819 2 21 22
Mewe M, (GeV/c?)
« No obvious sign of X(1835)’s existence “B(J/Yp = wi'ntrT) = (1.1240.02 £ 0.13) x 1073

« Large gluon component? [PRD74,034019]  B(J/¢ — wX(1835), X(1835) = n'rtn~) <6.2x 107°

@ 90% C.L.
The puzzle 1s still not complete ....

Isabella Garzia - ‘University of Ferrara and INFN



First Observation of X(2370) inv J/ip—yKKn’
1.3x10° Jh @ BESIII EPJC 80, 746 (2020)

* X(2120) and X(2370) states

observed in the 77’ invariant 500 3_'J'/' - KK o |
mass spectra (PRL106,072002) N : _:'i_[))zta "
* The X(2370) measured mass is = 400F — Fit result
consistent with the pseudoscalar 8 i %52 Signal X(2370)
glueball candidate predicted by S 300 ..... Total bkg
LQCD calculation (PRD73,014516) o i
@ 200
» Simulataneus fit performed for S B
two decay n° modes o 100
» No evidence of X(2120) is found 02 24 _ : ‘ 2.4 = . 26 27
B(J/y — yX(2120) > yK*K™1') < 1.49 x 103 M _ (GeV/CZ)
BU/¥ — yX(2120) > yKIKIn) < 6.38 x 10~ KKn

(> Clear X(2370) signal observed with significance of about 8.3¢
My (2370) = 2341.6 £ 6.5 £ 5.7 MeV/c? T'x(a370) = 117 £ 10 £ 8 MeV
B(J/¢¥ — vX(2370) = yKTKn') = (1.79 £ 0.23 £ 0.65) x 10~°

B(J/¢ — vX(2370) — vyK2K2on') = (1.18 £ 0.32 £ 0.39) x 10~°




Seawchfor X(2370) inv J/Ab—ymn’

PRD 103, 012009 (2021)

N T T ML M
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- —-Data ® E
- — Fit result + -
;@ncsignal
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2,
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Branching ratios prediction for the
decay of pseudoscalar glueball with
M~2.37 GeV into three pseudoscalar
mesons (PRD 87,054036 (2013))

Lo smmy /T = 0.00082
Tekxky /TS = 0.011
D& smnnf Pt =0,090

» No obvious signal of X(2370)

Simultaneous unbinned maximum
likelihood fit to the nmn’ is performed
and the 90% C.L. upper limit is
calculated

B(J/¢ = ’YX(2370) 3 ’7127777’) < ;2 X 1OA_'63 (it does not contradict PRD 87,054036)

B(J/v — ne) - B

e —

Ne — nnn’

) = (4.86 % 0.62 £ 0.45) x 10~ |

FIRST OBSERVATION in
the qqn’ invariant mass
spectra



First Observation of X(2370) inv J/p—yKKn’

1.3x10° J/ip @ BESIII EPJC 80, 746 (2020)

200 UL L L L L LA L S e e
- - Jhy —yK'Kn, n'sa'nn, noyy (a)- _ 500 Jy—yK'KW, n'=yp°, plon'n (b)-
Ng\_) [~ Data — - Chebychev ] “'(\_; [ —— Data — - Chebychev ]
> 1501 it result "-* PHSP 1 > 400F — Fit result ~="* PHSP -
[0} e Total bkg i Qo [ magm Total bkg ]
o [ %% Signal X(2370) + * o [ $5% Signal X(2370) B 0l
- [ - — o
o [ Iy — KK '+ c.c o 300F - yry— K* K m+e.c. !
- 100 + . N t . 4t §
= [ -~ 1 sideband = - - 1 sideband 5
I [ . @ 200f -7 4
c - ' c Z - ]
0 50 or o ¥ ]
T S . w 100f E
b i 3?:13.
0 kA T TR ottt stota sttt PO UL O ey P DU Ox o hie 80 atnie atate oure b - =
2 21 22 2.3 24 25 . . 2 21 22 23 24 25 26 27
Moy (GEV/C?) Moy (GeV/C?)
B e B L B L 8 [ ] e B B B I B
- - J/\p—)’ngKg N, N>, n->yy (C): —~ 80 ;_J/W_)YKgKgT]’, nr_)ypo’ pl—-nt (d)g
N(\_) 25 - —— Data — = Chebychev E NQ 70F — Data — = Chebychev E
>  — Fitresut PHSP 1 3 F — Fitresult ..., e E
20 Total bkg . 60E Total bkg 3
9 [ %% Signal X(2370) _ 9 - 22 Signal X(2370) 1
© 45F " " sideband - o 505 = 1" sideband + 3
= : ] S  40F '
@ - ' @ 3
2 10f i + l§s 2 30}
> - [J{ B E > 20p
w 5 ]l [if:a50 1 mof L
0 o 2 ST SO0 gl O LmE R S ,_Ao010’024':’0’02:20‘0’0’ SO
2 21 22 23 24 25 26 27 2 21 22 2.3 24 25 26 27

(GeV/c?) (GeV/c?)

K0 K0 ’ K°K° )



Polarised FF: the Collins effect

e, h e . hl

DM (z, u?)

P
qi—hX: D2, P;s,) = DYz, PL) + ——Hi (2, P1)s, - (kg x P1)

yd M h”i"l""
K v
Unpolarized FF Collins FF [NPB 396, 161 (1993)]:

related to the probability that a transversely

polarized quark (q") fragments into a spinless
hadron

 Evolution of TMD objects

« Global analysis (PRD 78,032011 (2007); PRD 87,094019 (2013), PRD 91,014034 (2015)):

« combines Semi Inclusive Deep Inelastic Scattering (SIDIS) and e*e- data

- extraction of H' and transversity parton distributions h; for the “u” and “d” quarks
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Fir§t Glolial Analysis

.

PRD 102, 054002720@?

First simultaneous QCD global analysis with SIDIS, e+e- annihilation, DY and proton-proton collisions

+ Test of universality

+ Indication that transverse-spin asymmetries in high-energy collisions have a common origin
+ Extracted quark tensor charges are in excellent agreement with lattice QCD
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