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Particles & Anti-particles
(Albert Einstein and Paul Dirac)
and the positron discovery

four-vectors or four-momenta: p=(p,.p,,p..E)
Dirac relatovistic energy-momentum equation: E* = p’c’ +m;c’
if a particle is at rest: v=0.p=0=E=/mjc' . E =+m"’
Two solutions of Dirac’s equation: one with positive and one with negative energy!
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Units: E=myc’ = m,=E/c’ E=pc= p=Efc

mass: eVIc? , momemtum: eVIc?
1 MeV=10%eV, 1 GeV=10%eV, 1 TeV= 10" eV, 1PeV=10%¢V, 1 EeV=10'® eV

electron’s and proton’s rest mass: ~ m_ -~ 0.5MeV/¢*,m, =938 MeV/ ¢’



Positron Discovery

s i
" . - g (Carl David Anderson)

Cloud chamber and lead plate immersed in a magnetic field: the
curvature on the charged track depends on the velocity of the particle:

v Vv 4 1
Bpvemp=me—mLe ¥ & Charge/mass ratio same as the one of the

r m Br m electron, direction of motion of a positive charge

Positron originated from cosmic rays: Nobel price in Physics in
1936 (for the discovery of the positron and the muon).

m_=m_ ~0.5MeV/¢* q.=—q_=+e s_ =5, =




What are the cosmic rays?

Primary Cosmic Rays
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Particles from outer space: mainly protons and heavier
nucleons: their origin is still unknown.

Energies of a primaru cosmic ray particle can reach 107 eV,
a factor 10" of the maximum energies obtained at CERNI!

Every minute about 600 muons cross our body
with an energy between 3 to 4 GeV/

m_=m, ~106MeV/ ¢










THE A, B AND c UF GRAN SASSU S | Gran Sasso

Experiments at the Gran Sasso National i, Sasso e [':éfr’;?c'”y
Laboratory are housed in and around three .

huge halls carved deep inside the mountain, '
where they are shielded from cosmic rays
by 1,400 metres of rock.

Adriatic
coast



CERN- LNGS Distance
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Multiple Muon Event recorded by LVD experiments at LNGS
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The neutrino particle
* Second most abundant particle in the
Universe, after photons of light

» Neutrino means 'small neutral one' in Italian;
was first proposed by Wolfgang Pauli in 1930

* Uncharged, and created in nuclear reactions
and some radioactive decay chains

* Shown to have a tiny mass, but hardly
interacts with other particles of matter

« Comes in three flavours, or types, referred to
as muon, tau and electron

* These flavours are able to oscillate - flip from ,,‘\’ &%«‘é
?{:\ ;

one type to another - during flight
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SuperKamiokande Experiment in Japan
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* as high as 15 store building
* 1000 m underground
* 50,000 tonnes of water

+ 13000 Photo Multiplier Tubes

* Cherenkov Radiation:
charged particles like muons when travel
faster than light speed in water emit blue

radiation
11



Neutrino Observation by Cherenkov Radiation

Cherenkov Radiation

In the figure, v is the velocity of the particie {red arrow), B; 15
v/c, n is the refractive index of the medium, The blue arrows
are photons,

costl, = 1/pn

n
Neutrino ™~ Neutrino o&")
\ \ b

;) o
Nucleus g © Electron ©
Muon or Elech \

Cherenkov light Cherenkov light

The generated charged particle emits the Cherenkov light.
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The Neutrino Catchers:
Takaaki Kajita and Arthur B.McDonald
2015 Nobel Price in Physics

“
"Neutrinos are unusual, ghost-like particles. Every second, "(...) you have the ability to observe particles that come
more than 60 billion of them pass through every square directly from the core of the Sun. They're telling you what's
centimetre of our body (and through everything else). most  happing there right now in terms of the nuclear reactions
of them originate from the Sun." Quote by Takaaki Kajita that are powering it, you are able to make measurements of

the fundamental properties of the neutrinos themselves (...).
Quote from Arthur B. McDonald

13


http://www.spektrum.de/magazin/der-neutrinomasse-auf-der-spur/825785
http://www.nobelprize.org/nobel_prizes/physics/laureates/2015/mcdonald-interview.html

Baryons and their Quark Structure

Standard Model of Elementary Particles
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Light Scalar Mesons and their Quark Structure

pions: z” .,z ,x'
m.=m_r 140 MeV/ ¢*

m , o~ 135MeV/ ¢’

q.=+e,q =-eq,=0

S+:S_:SHD:0

T T

REL )

+

kaons:
o =M 494 MeV/ ¢*

m ., 498 MeV/ ¢’

m

q.. =te.q,. =—eq,., =0

Ser =S =50 =0



Electromagnetic vs. Strong Force

Electromagnetic Interaction

Example:
positronium

* particles can have positive,
negative or zero electric e.m. charge
« photons are the carriers of the e.m. force
* photons do not have e.m. charge
* the em. force acts on a long distance
* photons do not interact with other photons

Strong Interaction
baryons meson

gb e

* quarks have only one “colour” charge out of three
* baryons and mesons are "colourless”
* gluons are the carriers of the force
* gluons have two “colour” charges:
a colour and an anti-colour (9-1=8 carriers)
* the strong force acts on a short distance
« quarks are “confined”
* gluon can interact with other gluons
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The Eighfold Way, Nonets, Mixing

(q -states: from SU(3) with u,d,s

A

= 3®3=1®8
c,(ss)+c,(nn)
du L
- nn=(uu=dd)/~2
4
sd
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i i ‘S' a

0 + Nonet Configurations

7 \ K'(892)° | K'(892)'

. - ‘,7’ A £ - & P ,UO @ \p-
‘n 1_, o ¢ 1:

qq -states have: P=(-1)"1, C=(-1)1+

K- K K'(892) —K_T(?B92)°

n25+1|_J(JPC) =1 =0 1=0 =1/

1S, (0 %) (nm) (ss) 13S, (1)
Pseudoscalar 11S,(0°*): m(135), n(547), n'(958), (0°): K(495) Vector nonet I
meson nonet

135, (1): p(770), o(780), ¢(1020), (1 ):K'(892)
235, (1°): p(1450), ©(1450), $(1680), (1):K,"(1410)

13p, (2): a,(1320), £,(1275),f,'(1525), (2*): K, (1430)
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Light Mesons Decays, Branching Ratios and Forces

decay

T+,
T —Uu +V,
e +v,
T e +Vv,
7’ — 2y

7’ > y+e +e

branching ratio
0.999877

0.999877
0.000123
0.000123
0.98823

0.01174

force
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weak

weak

weak
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Strange Mesons Decays, Branching Ratios and Forces

decay

+ +
K" —>u +v,

K" 5S>z +x°

K >x+x +7n

K ->n+x2°+n°
K'>7n’+e +v,

K —>rn'+u +v
H

branching ratio

0.6355

0.2066

0.0559

0.0176

0.0507

0.0335

force

weak

weak

weak+strong

weaktstrong k- _

weak

weak

.



SPEAR Experiment at SLAC (California, USA)

— Positron Source
1

—

e e
— — _O F— O p—
1.55GeVe +1.55GeVe = s =~ 3.1GeV
T el

Photo of the newly completed SPEAR
taken on April 26, 1972. (SLAC),
California 21



J/psi Discovery (1974): the November Revolution

FT' oy y—t B T S
- (a)
- Experiment was carried in 1974 at SLAC
1000 &= . .
. E (Stanford) using the e+ e- SPEAR collider at
s [ . different center-of-mass energies from ~3.050
“E E GeV to ~3.130 GeV
e An increase of the cross section around an
(b
o0k '3 energy of 3.096 GeV was observed.
- 5
) mé \ ; hadf'ons, u.e
E | 3
Y D TP VIS Y S PR Y\ (A 5 e_
200} (c) € > J'/‘// .
€ ImE 3 /
©F Y 'I D 1] = &
C ' 1 hadrons, u". e
mlOlSO I J.OIW : 3.:(0 . 3.:I0 : 3.;20 : 3.:30
Energy E o, GeV
Fig. 4.1. Resuits of Augustin ef ‘1‘ ( 1974) showing the obscrvation of the J/y resonance N
o 1 Sl el e o S e e S0 A new state called J/y was just

discovered!
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AGS Experiment at Brookhaven National Laboratory,

|%— AGS to RHIC

= -5 — line (AtR)
Since 1960, the Alternating Gradient Synchro‘rron (AGS) has been one :
of the world's premier particle accelerators, well known for the three P s Booster - { Experimental
Nobel Prizes won as a result of research performed there. //:\ %\ Area
LINAC: Linear Accelerator & < \ S\ )
EBIS: Electron Beam Ion Sourve ,?\....\ Q, /—,v\;:xt'\jlr—- :
AGS: Alternating Gradient Focusing with 240 magnets. Linac { y =

by H AGS & 3

Experiment was capable of accelerating 70 trillion protons with every
pulse, and heavy ions such as gold and iron, the AGS receives protons N N )
and other ions from the AGS Booster and delivers them to the \
Relativistic Heavy Ion Collider after acceleration.



http://www.bnl.gov/bnlweb/nobels.html
https://www.bnl.gov/rhic/booster.asp

Beam Focusing (analogy with optics)

The AGS name s derived from the concept of alternating
' gradient focusing, in which the field gradients of the
accelerator's 240 magnets are successively alternated

inward and outward, permitting particles to be focused in
both the horizontal and vertical plane at the same time.

24


http://www.bnl.gov/bnlweb/history/focusing.asp

J/psi Discovery (1974): confirmation of AGS

e

80+
—
P e
p /\T/W
2 60f -0 s il S e e ey
2 \
5 ' X
: x
g O
=

Both experiments (SPEAR and AGS) observe an
object in different reactions which had the same
invariant mass: one can conclude that it is the

L
/ same resonance decaying to an electron and a
/////A ,,,,,,, 7 17 positron.
" :

M-, Ge

20

Fig. 4.2. Results of Aubert ef al. (1974) indicating the narrow resonance J/y in the
invariant-mass distribution of e~ pairs produced in inclusive reactions of protons with
a beryllium target, p + Be — e + ¢~ + X. The experiment was carried out with the
28 GeV AGS at Brookhaven National Laboratory.
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SPEAR (MARK I) Collaborators at SLAC and AGS Coll. at BNL

Gerson Goldhaber, Martin Perl, and Burton Richter Prof. Samuel Ting and coll. at the
view an event display in the SPEAR (Mark I) counting Brookhaven's Alternating Gradient
room. Synchrotron

26



Burton Richter

The Nobed Prize in Physics 1976

Prize motivation: "for thelr ploneering work in the discovery ol s heavy elementary particle of a new
kind"

Born: 22 March 1931, Brooklyn, NY, USA

Diedd: 18 July 2018, Stanford, CA, USA

more

Samuel C.C. Ting

The Nobel Prize in Physics 1976

Prize motivation: “for thelr ptoncering work in the discovery of a heavy elementary particle of a new

kind"
Born: 27 January 1936, Ann Arbor, MI, USA

more
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J/¥ , ¥ and the particle zoo

w'(3.686GeV) > J /w(3.1GeV)+ 1" + 71~
J/yw(3.1GeV) > e +e

Computer reconstruction of a psi-prime
decay in the Mark I detector at SPEAR,

making a near-perfect image of the Greek
letter psi.

Events / GeV
b - -
QL Q <

—_
o
W

10?

10

CMS
\s=7TeV
Ly, =40pb’

1

10

10?
Dimuon mass (GeV/c?)
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D Mesons

Discovered in 1976 by the Mark I detector at the
Stanford Linear Accelerator Center (California)

Y S —0 [ —  (2mi=3.2k
r@d i@

B4
"o (a) [»75}
@ 40000 [, .fﬁ'.
—~ % 20000 — X Ilt
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D" (@ (=) D @) |,

k3

+=mD

1.8 2 >
m{Kz) GeV/c

m_,=m__ ~ 1870 MeV/ ¢?
m_, =mg r~ 1865MeV/ ¢?

~ 1868 MeV/ ¢?
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=]
v+
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o

D’ D
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https://en.wikipedia.org/wiki/Mark_I_(detector)
https://en.wikipedia.org/wiki/Stanford_Linear_Accelerator_Center

Charmonium states

0140406-002

3.8

/ DY

w
P
|

mass (GeV / ¢?)
w
i

3.0

Jp(18)
7Y

n.(1S)
JPC= 0-+ 1=~
L=0 O

4.4

MASS [GeV/c?]
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Quantum Chromodynamics Predictions

O=C) mesons: bound state of (J(J with quantum numbers
TG (JPC€) P=(-1)1, C=(-1)L+5, G=(-1)F+L+s

other color-neutral configurations

O_O O_O tetra-quarks
qqqq Case 1: same quantum numbers of

conventional mesons
hybrids

ON\NO qag

Case 2: exotic quantum numbers
eg.: J¢= 0~ 0+ 1+ 2+,...

31
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Lattice QCD predicts that
lowest mass glueballs have
conventional quantum numbers

Mg+ +~1.6 GeV
M,++~2.3 GeV
M- +~3.5 GeV

Glueballs with exotic
quantum numbers are
much higher in mass

Difficult to disantangle high mass
glueballs without exotic quantum
numbers because of dense
background of conventional states

Lattice QCD

12

10

Exotic quantum numbers indicated by J°¢ |

++ —+ +
PC
Morningstar et al.
32



Glueball Production Mechanisms

antiproton-proton

annihilation
péj 7, K,n,n',...
7, K,n,n',...
P .1

CBAR, OBELIX,
Fermilab E835

P, 7, K

central production

—

o

P, 7, K

— m,Knp,1,...

7, K,n,n',...

WA102, COMPASS

33



Glueball Production in J/y decays

J/y radiative decay

Y
¢ 7, K,n,n',...
J 1y 7w, K,n,n',...
C

BESIII, BELLE, MARK

34



13P, (0" *): Lightest Scalar Resonances Puzzle
a,(980), £,(980), f,(500) or o, K,*(800) or «,
a,(1450), £,(1370), £,(1500), K (1450)

too many supernumerary candidates!

v

two nonets + glueball

35



Hypothetical configuration of scalar ngnets
Ko(1450) S Ko"(1450) K,(800) S K,"(800)

a, (1450) ay(1450) | fo(1370) \ a,'(1450)  a,(980) a,(980) | fo(980)

@ 3

v

®£,(1710) I ® £4(500) I
Z Z
S S E—
KO'(1450) KO(1450) KO'(SOO) KO(BOO)
S £ (1500) 3
0 + +
Conventional super'nimer'ary 13P, (0" *)

Tetra-quark nonet

2S00 ey best glueball candidate




Branching Fractions
From theory if we assume "flavor blind * decay:

0(G — 7z, KK, ', 1p'np)
PhaseSpace

=3:4:1:0:1
From experiments:

0(G — 7z, KK, ', 1p' )
PhaseSpace

=5.1(+2.0):0.71(£0.21) :1:1.3(+0.5) : ?

Mixing may occur (Close and Kirk, 2000) :

f =a|nn|+ B|s5]+|G|+ 5|qdad|

37



Mixing?

Case 1. different quantum numbers

ONO

hybrids
eg. J=0- 0" 1+ 2+ .

Do not mix with conventional
mesons: easy to identify them.
However so far only one or two
candidate has been observed

by B525(BNL), CBAR(CERN),
OBELIX (CERN),
COMPASS(CERN)

1~ 7,(1400), ,(1600)

Case 2: same quantum numbers

a®

observed states

O=0

mesons
+
glueballs

+

Oo=0 O=0

tetra-quarks

eg.: JPe= 0%, 2+,..
0+ £,(1500), f,(1710),
2+, £2(2340), ...



BESITII Experiment at th

SN W B B

e EPCII Acceler'a’rqr'

i 2 = =
= beam energy: 1.0 - 2.3 GeV #Feg L_;

B L ny o . - -
PN S
o / . 3 At
" < ¥ N s . — >

Storage Ring
(~240 m)

energy region in the word now.




BEPCII Accelerator

* BEPCIT: electron-positron collider

* fau-charm energy region: E,,, ~ 2,0-4,6 GeV

* Luminosity ~1033cm2?s! (BEPC was ~103icm2s1)
* LINAC: 202 m long accelerates the electrons and positrons to 1.89 GeV
« STORAGE RING: circumference of 240.4 m

1. 2. 1st LR Experd. hall

3. Power Siation of ring mag. and compurer center

4. RF Suation 5 Ind LR Expeort hall
fi. Tunnel of dorage ting 7. Tunnel of Trana, line

Tunnel of Linac 9. Klystron gallery
100, Nuclear phy. Expert. tall 1. Power sta. of trans, line
12, Fas hall for S, R expent I3 West hall for §. R. expent
14, Computet cenlet
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Political Map of the World, June 1999 EUROPE (16) OTHERS IN ASIA(8)
USA(5) Bochum University, Germany

COMSATS Institute of Information Technology(CIIT)
Budker dnstituteof Nuclear Physics, Navosibirsk; Russia

- Ike o) ) Indian Institute of Technology, Madras, India
Carnegie Mellon University, Pittsburgh, PA.. 7 : Eerrara University, Italy

= : Institute of Physics and Technology, Mongolia
Indiana University, Bloomington, IN . » GSI Darmstadt, Germany Tokyo University,.Japan
University of Hawaii, Honolulu, Hawaii Helmholtz Institute Mainz Germany UEETY O Seoul National University
University of Minnesota, MN £asass ' INFN, Laboratori Naziohali-di Frascati Suranaree University of Technology, Thailand
University of Rochester NY Johannes Gutenberg University;6f-Mainz, Germany University.of the Punjab, Lahore Pakistan
- _Joint Institute for Nuclear Research (JINB)Dubna Russia “University of Lahore, Pakistan
Cieh sriira = KVl/University of Groningen, The Netﬁerlands M- T -

] Universitaet Gless_gn Germany g =
University of Manchester \United Kingdor'n

..... —

CMINA
—tte

=  IECHINA (43)
‘ University of Oxford, Unlted Klngdom == e
- . University-of Turin, Ttaly s Beijinganstitute of Petro chemlcal Technplogy, Beihang Un|ver3|ty
= > Uppsala Umversnt’y, Sweden China, Center of Advanced Scienceand Technology,-Fudan-University
o ~ A Guangxi Normal Univegsity,zGuangxi University =
- & 3 . ~ Hangzhou Normal Unlversﬁy, Henan-Narmal University
TE I-Tenarr UnlverS|ty of Science and Technology,*Huazhong.Normal University

Huangshan College, Hunan University,"Hunan Normal Unlver5|ty
~480 mem bers " — ~Institute.of High Energy Physics, Institute of modern physics _

. . . . «=Jilin" University, Lanzhou University, Liaoning Normal University*
72 institutions from 14 countries - Liaoning University, Nanjing Normal University, Nanjing University

«= =" Nankai University, Peking University, Qufu normal university

. — 11\ Shanxi University, Shanxi Normal University, Sichuan University
TAC-PF group members (Slnce.l2011).' L . Shandong Normal University, Shandong University-
Orhan Cakir* (Ankara U.), Serkant Cetin (Dogus U.), Shangha| Jiaotong Univeristy, Soochow University, Southeast University
Ismail Uman (Yakin Dogu U.), ilhan Tapan* (Uludag U.), Sun Yat-sen University, Tsinghua University

. * o . . B o o University of Chinese Academy of Sciences, University of Jinan
Engin Eren (BOg?Z'Q' U')f Nurdan Gler* (Uitidag U')g_ University of Science and Technology of China
Onur Kolcu (Arel U., ist. U.), Alperen Yiincl (Bogazici U.) ~ University of Science and Technology Liaoning v
*. /eft collaboration University of South China, Wuhan University, Xinyang Normal University

aaiasatis Zheiiana University. Zhenazhou University
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Superconductor Solenoid Magnet (1T)

L RPC (Resistive Plate
. : Jamber) muon
st e amber's

ToF (Time of Flight)

Be beam pipe

Superconductor Solenoid Magnet (1T) === 730 ton,

cio Main Drift Chamber ~40,000 channels,
data speed: 5kHz, 50Mb/s



R inner: 63mm ;
R outer: 810mm

Length: 2582 mm

Layers: 43

5100

B N R s

S
Superconductor MG 200l

CsI(TI) EMC

WA

Bttt et X

ettty

BetEtesseieietetetee:

ERtatetetatetete e tetatet
Csl_El

el ’ a0 o |

(2373}

BMUC: 9 layers - 72 modules
EMUC: 8 layers - 64 modules

Crystals: 28 cm(15 X,)
Barrel: |cos6(<0.83

411 PPN AL AR
AL L0

Endcap: 0.85 < |cos0] < 0.93

BTOF: two layers
ETOF: 48 crys. for each
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BESIIT Detector
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BESIII Data Statistics

(] - J/llj = lIJ' 9 9 9
x10 10x10° J/y at Ecm=3.097 GeV, 2009 (0.225x10°) + 2012 (1.0x10°) +
1500 1200 +2018 (4.6x10°) +2019 (4.1x10)
1000 00  0.4x10° y(3686) at Ecm=3.686 GeV, 2009 (0.106x10°) + 2012
500
O — 2.9 fbl y(3770) at 3.773 GeV, 2010 + 2011
p“*’ q,v &‘%&‘ %of;@? 0.5 fb' y(4040) at 4.009 GeV, 2011
N
© 0.024 fb-1 T mass scan at around 3.554 GeV, 2011
5
ob-1 ] L|J(3770) 1.9 fb-1 Y(4260) at 4.23 and 4.26 GeV, 2013
0.5 fb'1 Y(4360) at 4.36 GeV, 2013
5000 - 2900
' 0.5 fb'1 Y(4260) and Y(4360) scan, 2013
0 T T

0.8 fb1 R scan, 104 energy points between 3.85 and 4.59 GeV, 2014

\a % 0.5 fb! at 4.60 GeV, 2014



Isobar Model in the process J/wv — ¢nrx 7

Decay into three final states

. . through resonance X
Direct decay into three 8

final states
J/l// | ;zﬁ
_ , 7
/ \f[ﬁ Decay into three final states
¢ through resonance Y

* All the three reactions are possible. J/ v
* Resonances like X or Y are called isobars y
« Isobars can be conventional mesons or exotic /

states depending their properties, like mass, spin,
and the other quantum numbers ;
T 48
¢



PWA Analysis

* Covariant tensor formalism of v decays to mesons by B.S. Zou and D.V. Bugg.
* Coupled channel analysis of J/y — ¢z%z°and ¢KsKs
+ Isobar Model: eg.: J/y— ¢ X, X - 7°2° and J/w — Y 7%, Y — ¢n?
* Dynamical parts of the amplitude:
Relativistic Breit Wigner formula with mass dependent width:

1

BW =————
M2 —s—iMT(M)

Flatte formula for f,(980)
~ 1
PO M2 —s—i(g,0.. + 9,0k)

BW

M,I',0,,0, are the fitted parameters
* Angular part of the amplitude depends on the resonance spin J.
« Other quantum numbers are determined using selection rules
* Log-likelihood minimization method (FUMILI).
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BESIII distributed computing£y

® In the last three months, about 76K BESIII jobs have been run in the

platform Thanks also to

® 10 sites join the production Ahmet Cagman,
. : lem Tanrikulu and
® CLUSTER.NEU.tr is newly added from Turkey site %i:rmbagﬂm i an

® From IITC, Near East University in Turkey
® 448 CPU cores HTCondor farm

® 5TB StoRM SE o
- >

@

Cumulative Jobs by Site
18 Woeks from Weak 05 of 2017 to Week 23 of 2017

Both CE and SE are working fine )
Thank Mustafa Arici and .
ISMAIL RUHI UMAN for good

cooperation

Sie SiteType MakStatus ~ CE-Test  SE-Test  Effciency(%6) WNStaws
CLUSTERNEUN  CLUSTER [ Active ok OK 100 oK § A




o(7' 7 Jly) (pb)

Study of Y(4260)

BOE
70
B0 E
50 E
I
30k
20 f
10H

Belle
PRL110, 252002 (2013).

oF

= A B ST P
38 4 42 44 46 48 5 52 54

Ecn (GeV)

o(e'e — Jhyr'T)(pb)

._{‘-.I. i

‘BaBar
‘ PRDS86, 051102 (2013).

"

Y(4260) =

42 44 46 48 S
E.(GeV)

BESIII: 525pb! @ 4.26 GeV world's largest data set
Y(4260)— ntn- J/y , J/v > e*e,ufu~ four charged tracks detection.
Exclusive and simple analysis in the rest frame

V5 (GeV) L (pb~ 1)

3.900 52.8
4.009 482.0
4.090 51.0
4.190 43.0
4.210 54.7
4.220 54.6
4.230  1090.0
4.245 56.0
4.260 826.8
4.310 449
4.360 544.5
4.390 55.1
4.420 44.7
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Events / 0.02 GeV/c?

Study of Y(4260): the Z,(3900)* discovery

o - o 18¢ 10
o 14 N - )
§ E § 17F |
121 :
o - L 16F
g 1 :- g 15 'E_ - 1
- ; : > -
g ol 3 > 2 14F
= 08 3 2 “E 13 P i 10
04f 12f E
0.2} s 11 :.-
0 L Il I Il = I 10 3 ! A 1 i I 1 L 10-2
10 11 12 13 14 15 16 17 18 10 11 12 13 14 15 16 17 18
M (r*Jly) (GeV/c?)? M (x*J/y) (GeVic?y
100 + ,‘D;:ta 100 fzzla 1200 4 Gata
— 73900 MC % i — 2,(3000) MC % 10 - MC H
8o \ [ sideband w 80¢ [ Sideband o F —Z 300 MC *
} { o [ + g 80 [ sideband }H :
eo_ \ § 60:— Mﬂﬂ f H S eob _ 1 ;_i
?3 ?3.2 33 34 35 36 3.7 3839 4 4142 %2 | 04 06 08 1 12 1.4
M diy) (GeVic?) Mz Jhy) (GeV/e?) M) (GeV/c?)

ntr invariant masses show contributions of o(500) and f0(980):
are included in the MC simulation together with n*n-nonresonant amplitude.



The Z,(3900)* discovery

70

t +;>n=
100
- BESIII

|

— Toral 2
e Bachgrouns

g

== PHIP MC

. Satevant

&

YT

3

Events / 0.01 GeV/c?
]
Events / 0.02 GeV/c”

o

37 38 39 4.0 37 38 39 4 41 42
Mean(mtJAy) (GeV/cd) M ra(W/y) (GeV/c?)

* Observation of a Charged Charmoniumlike Structure in e'e — mmJ/y at /s=4.26 GeV, BESIII
Collaboration, Mar 24, 2013. Phys.Rev.Lett. 110 (2013) 25, 252001
already cited by 161 record!

« Study of e+e-—m+m-J/y and Observation of a Charged Charmoniumlike State at Belle, BELLE
Collaboration 17 June 2013 Phys. Rev. Lett. 110, 252002
M=(3899.013.614.9)MeV/c2;
=(46+10+20)MeV.
*Couples to cC
*Has electric charge
*At least 4-quarks
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BESIII Publications (since 2009)
-- 245 papers published in high impact factor journals

(NATURE 1, PRL 52, PRD 162, PLB 16, CPC 13, EPJCA 1)

Total Publications

364

o
(1)

50
4 <
30
0
10

— I
T T T T T T T T T
009 2010 2011 2 2013 2018 AT 016 2017 201E 018 a0
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Luminosity upgrade plan in the near future

1.5cm 1.5cm 1.2cm
Bunch currnt 7mA 9mA 9mA
Bunch number 80 120 120
SR power 125kwW 250kW 250kW
Beam-beam 0.036 0.04 0.04
RF voltage 1.6 MV 2.2 MV > 3.4 MV
Vg 0.028 0.033 0.041
HOM power 7.7 KW 19.1 kW 29.7 kW

Dedicated™foft1% beam energy above 2.1GeV. 3~4 yea¥ BfteF¥he project is ZpPFOVEH.

Couolina 1 1 *0) 8



Proposals of the Super Tau-Charm
Factory (STCF)

Polariond o Gun
5 Ge¥ Linac
AS =10

Comprencr  Klystrons— 2 3
Lengeh =72 m Wiggler

o Photegun
Inc3ps

2ET~03IN
frote chargel | Damping Ring

Super-CT Project
in Russia il - Totalnumberotscaaing rucures: 104
Totallength of the linacs: ~440 m

e energy of 1.5 - 2.5 (3) GeV

Xiao-Rui LYU eeFACT2018, Hong Kong ¥



CEPC Accelerator

J. Gao

IHEP
On behalf of CEPC Group

i
CEPC-SppC

The 2019 International Workshop on the High Energy Circular Electron-Positron Collider (CEPC)
Nov. 18-20, 2019, IHEP, Beijing



The key systems of  5) Civil Eng.

CEPC Accelerator Chain and Systems

Energy Ramp
10 ->45/120GeV

AN

A DM e e me e U

10 GeV Electron

2) Booster
C=100km

Positron

L=1.2km

Three rings in the same channel:
» CEPC & booster
~ SppC

L
Booster Cycle (0.1 Hz)

I
:

-

3) Main Ring

CEPC: T, CRCHS SCTION 0F TWE 26 ke — -

1) Linac Injector C=100km E]ll e T

2) Booster 2IP R el :'.—
GeV etector Machine

5) Civil Eng. Interface (MDI)

CEPC Booster
CEPC Collider

SppC



CEPC CDR Baseline Layout

CEPC booster ring (100km)

v mans Traempert divw

“ 4449444494944 44
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CEPC Linac injector (1.2km, 10GeV)
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CEPC CDR Parameters

Higgs W Z 3T) Z Q1)
Number of IPs 2
Beam energv (Ge\l) 120 Bl 45.5
Crreumference (km) 100
Synchrorron radianon loss mum (GeV) 1.73 034 0.036
Crossing angle at [P (nuad) 163X2
Piwinsk: angle 258 7.0 238
Number of particles/bunch N, (1019) 150 12,0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (0.21pus) 12000 (25ns+10%gap)
Beam current (mA) 17.4 879 161.0
Synchrotron radiation power /beam (MW) 30 3 16.5
Bending radhus (ki) 10.7
Momentum compact (10} 111
B function ut IP 8"/ 4% (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2:0.001
Emuttance &/'& () 12100031 053400016 0,180,004 0.18/0.0016
Bemn size a1 IP &, o, (1un) 20.9/0.068 13.9/0.049 600078 6.00.04
Beam-beam parameters 5/ 5 00310109 00130106 00041 0056 000410072
RF voltage f:“ (G\) 2:17 047 0.10
RF frequency f - (MHz) (harmonic) 650 (216816)
Natwal bunch lengtl o () 2.72 298 242
Bunch length & (mm) 3.26 5.9 8.3
HOM power cavity (2 ¢ell) (kw) 0.59 0.75 1.94
Nanumal energy spread (o) 0.1 0.066 0.038
Energy acceptance requurement (o) 1.33 0.4 0.23
Energy acceptance by RF (%0) 206 1.47 1.7
Photon number due to beamstrahihing 0.1 (.05 0,023
Laferune sunmlatton (o) 100
Liferune (hour) 0.67 1.4 4.0 | 21
F (howr glass) 0.89 0.94 0.99
Luminosity/IP . (10%cns 1) 2,93 10.1 16.6 | 321




Summary
of Hadron Spectroscopy

 Tetraguark candidates are making the news in Hadron Spectroscopy
« Unprecedented high statistics BESIII data will allow to

- establish the lightest scalar nonet puzzle,

- verify the mixing mechanism and

- establish the glueball content of observed states.

- BESIII experiment will run presumably until end of 2020.

* New facilities are plan to be built in this promising energy sector and
beyond CERN
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