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The Standard Model of Particle
Physics and its Problems
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The particles and interactions

leptons

quarks

photon

Higgs boson

weak bosons

Fundamental Force Particles

The Physics on BESIII

Particles | Force Carrier Relative
foree Experiencing |  Particle s Strength*
Gravity : graviton
acts between all particles |  (not yet infinity much
objects with mass withmass | ohserved) weaker
Weak Force quarksand | W, w~, 2° short
Ll leptons (wand z) range
particle decay
Electromagnetism
acts between electrically Y infinit
electrically charged charged (photon) el
particles Y
Strong Force** quarks and g short much
binds quarks together gluons (gluon) range stronger
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A brief history of SM

Leptons
Bosons
Quarks

I The Standard Model of particle physics

Years from concept to discovery
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Top

Tau neutrino

HIGGS BOSON

Source: The Economist
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The known unknown of SM

ENERGY DISTRIBUTION C,\"\Z\P\

OF THE UNIVERSE
- T8 > ioS > -
DARK
MATTER =

NORMAL MATTER \ /

BESIII not only focus on QCD, also
on electroweak, for example,
charmed hadron decays!

DARK

There are of course of unknown-unknown!
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The physics processes at Vs=2-5 GeV
and the kinematics



Events in detector: trigger

fired and data saved

« e+e- annihilation

« Synchrotron radiation

- Beam-gas

« Beam wall (e-p, e-n, ...)

« Beam-beam interaction
 Lost beam particles

« Electronic noise (junk event)

* Nuclear interaction (final state particle
+ detector)

« Cosmic rays (angular distribution, rate)

Non-Physics
processes
should be
considered in
the experiment
design also!



Physics processes at Ecm=2-5
GeV

QE D > Luminosity measurement,
detector calibration and so on
e Bhabha

* Di-mu
* Di-tau (above threshold)
* Di-gamma

Hadrons at Continuum » R-value measurement, form
. ) factor measurement ......

e Continuum production of hadrons

* Two-photon processes

Resonances and their decays =~ ————  Theworking horse of BESIlI!

* ISR
 Beam energy spread



Cross section/(10 **cm?)

Cross sections
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The lines from top to bottom:

Total cross section
Bhabha process
Di-gamma
Continuum
Di-muon

Di-tau

ok wneE

Resonances from left to right:

J/b
(3686)

1(3770)
\(4040)
\(4160)
(4415)

ok WN R

Except for J/y and Y(3686) peaks, the Bhabha is the dominant process in this energy region!
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QED processes kinematics (1)

Leading order differential cross section for Bhabha:

da_oc2 3 + cos20\*
dQ 4S5\ 1 —cos6

Leading order differential cross section for Di-
muon and Di-tau:

do a?
— =—pB((1 +cos?6) + (1 — p?)sin?0) -
40~ 4S e ——)—L\MN\,X Pl > —— ¥

=
I
| o



QED processes kinematics (2)

For muon, whose mass is small, P=E, then :ED
g
do «a? =
—_ 2 ©
70 4S(1+cos 6) -
B Ara? _86.8nb
T35 T s

Leading order differential cross section for Di-gamma:

do a? {1+ cos?0
dQ~ S \1—cos20

cosO

2:2°2 *e'——*e*ef\;t’/f\ﬂffﬁﬁ
e d ik E, =2GeV LRI



Two-photon process

oy
The cross section roughly proportional to: @ } %

a4 Eb 2 Eb n 4/_/ ________
m_)z((ln(ﬁe)) ln(m—x) o \Zg %
2
EERSCRE . £ L

102

The cross section at BESIII energy region is not
small!

e‘e’—e'entn

But the X and its decay products are close to the b
beam line!

T | ey |
1.5 2
\s/2 (GeV)

The Physics on BESIII

14



Continuum hadron production

The process is similar to Di-muon, but change the muon to quark, and the quark
will form the hadron based on the fragmentation function, thus we define the R
value:

R = % = z 3Q;° 3 is from the color of quark!
£2.2.1 EHEEX R ENRAKAR,
=) u d S c b t
5 5L LA kel eat/d - 2213 R 2/3
AR, 4/3 1/3 1/3 4/3 1/3 4/3
With the correction from gluon: R =Rq(1 +% + C2(%)2+ ......

The Physics on BESIII 15



R value

Agreement between Data (BES) and pQCD (within

5

4

1o e
v

#MWW% ‘

e'e” — hadrons

QCD

Jhys

Yas
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Resonance production

_ 4n(2] + DIT,
(s — M2)24+M?2T2

3096.9 MeV 92.9 keV 5.53 keV
W(3686) 3686.1 MeV 294 keV 2.33 keV
W(3770) 3773.1 MeV 27.2 MeV 0.262 keV
W(4040) 4039 MeV 80 MeV 0.86 keV
W(4160) 4191 MeV 70 MeV 0.48 keV
W(4415) 4421 MeV 62 MeV 0.58 keV

For narrow peak, the production cross section is heavily affected by beam energy spread;

Initial state radiation and vacuum polarization correction are important also!

The Physics on BESIII 17



At resonance peak

127 - T.T;

O'BW(W) = (Wg . Mg)g 4+ F?Mﬁ

1
T Ti(s(1 —app 2t = 2))

Tre (W) = Tde(x,s)

Geap(W) = fdwfa,._c,(w’)c;(w', W)

1 _(wowh?
G(VV,W’)=\/2—WA6 ﬁz‘J—
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3.7 3.71

E_ (GeV)
Aty(2S) [Born |ISR | A=1.3MeV
Ogrgs (nb) | 7887 [ 4046 | 640

Ocon (D)

Continuum contribution becomes larger
after considering ISR and beam spread!
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Charmonium states

M(DD)

OH

+

Nt

P=(-1)A{L+1}
C=(-1)ML+S}

--
0-+ 0 0 0

1 0 1 1
0++ 1 il 0
1++ 1 il 1
1+- 1 0 i
2++ 1 il 2



0-+

1--
O++
1++
1+-
2++

A++
3++

2++

0
0
1
1
1
1
2
2
2
2
3
3
3
3

R P P, O R kP P O FR O RFrR L LR O

N W PR W RN WOWN NN PP -2 O - O

Charmonium states

P=(-1){L+1}
C=(-1)7{L+S}

So 0+1, O--, 1-+, 2+-
missing!



v’ decays

* Transitions (~82%) §
e Hadronic transitions (~54%)

e Radiative transitions (~28%)

* Leptonic decays (~ 2%) M

* Hadronic decays (¥15%)

* Strong decays (~13%) —

 EM decays (~ 2%) \
* Radiative decays (~ 1%)

* Rare decays and beyond SM (<<1%) );;<

Similar for J/y decays, but BR different.

The Physics on BESIII 21



Charm mesons

0-+



Vacuum polarization

0. 15
0.10-
0.05"
S .
< .
-0.009 !
-0. 05 : o had®

T T ) T T T T T T

0.0 2.0 40O 60 80 10.0
C (GeV)

Fig. 81 Different contributions to Aa(s) in the time-like region as
given by the routine from Fred Jegerlehner (version February 2010)
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How often we will get a
physics event on BESIII?

* Assume on W(3686) peak, the cross section is 640 nb

* The instantaneous luminosity of BESIII is assumed to be
1*1033cmis

* Then the event rata R=640 Hz

* The bunch crossing time of BEPCII is 8 ns, which means
the collision rate is 1/8ns=125 000 000 Hz

* We could conclude that even running at W(3686) pealk,
only in 640/125 000 000 collision, we will get the event
we care about.

* That is the main reason why 4k Hz trigger rate is large
enough for BESIII



Introduction to QCD

QCD is short for quantum
chromodynamics, is the accepted .
theory for strong interaction S

dIn the high energy regime,
perturbation theory works well; in
very low energy regime, chiral |
perturbation theory works well; we  o.1of
in the energy region between, we |
need Lattice QCD or QCD-inspired =~ *®L—— S
models, such as NRQCD Q[GeV]

ABESIII or charm quark is in this special
region

—¢— CMSRypratioc  —— HERA |
—— CMS fi prod. =ri= LEP
—&— CMS incl. jet —— PETRA |
N —— CMS 3etmass —V— SPS 1

Q& —O— Tevatron |

0.20 | ¥

0.15]

— as(Mz) = 0.1171£3332 (3-jet mass)
| Bl s(Mz) = 0.1185 & 0.0006 (World average)
PR | N . —




Introduction to accelerator



2023/10/4

Matter versus Energy

During the Big Bang Energy was
transformed in matter

History of the Universe

In our accelerators we provide energy to
the particle we accelerate.

In the detectors we observe the matter

Introduction to experimental particle physics,
Weimin Song
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Looking to smaller dimensions

Visible light X-ray Particle accelerators
A =400 => 700 A=0.01=>10nm A<0.01 nm
nm LS .
vV | cture with
==
‘ L"
A= hc Increasing the energy will reduce the
E wavelength

Introduction to experimental particle physics,

2023/10/4 .
Weimin Song
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Fixed Target vs. Colliders

2023/10/4

Fixed Target Collider

E=E,  +E,

eaml eam?2

Much of the energy is lost in

the target and only part All energy will be available for

particle production

results in usable secondary
particles

Introduction to experimental particle physics,
Weimin Song
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Accelerators and Their Use

2023/10/4

o\ )
Today: ~ 30’000 accelerators operational world-wide®

The large majority is used in industry Les than a fraction of a percent is used
and medicine for research and discovery science
Industrial applications: ~ 20’000" = Cyclotrons
Medical applications: ~ 10’000" > FFAG
2 Synchrotrons
*Source: World Scient/:fic Reviews Of Synch rotron Ilght sources (e-)
Accelerator Science and Technology
A.W. Chao Lin. & Circ. accelerators/Colliders

Introduction to experimental particle physics,
Weimin Song
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Injecting & Extracting Particles

Incoming beam

~
~

~
~
~
<)

Magnetic field

No magnetic field

Septum Magnet Kicker Magnet

Introduction to experimental particle physics,

2023/10/4 .
Weimin Song
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Make Particles Circulate

Introduction to experimental particle physics,
Weimin Song

2023/10/4

32



2023/10/4

Focusing the Particles

Quadrupoles f"/

Introduction to experimental particle physics,
Weimin Song
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Accelerating Particles

Introduction to experimental particle physics,
Weimin Song
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Figures of Merit in accelerators

For different accelerators and experiments different beam
characteristics are important. However, a major division can be

made between:

Fixed Target Physics:

Light Sources:

Collider Physics:

Introduction to experimental particle physics,
Weimin Song
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Main parameters: particle type

* Hadron collisions: compound particles
* Mix of quarks, anti-quarks and gluons: variety of processes

* Parton energy spread
* Hadron collisions = large discovery range

)

* Lepton collisions: elementary particles
* Collision process known
* Well defined energy

* Lepton collisions = precision measurement

“If you know what to look for, collide leptons, if not collide hadrons”

L N

!

VoA Ay 7
7 i ' =x
, 2 y |, o
/ S OS] 5
> 7 5 >
3 > -
A\ M ¥, v

WS¢ Proton proton collision are more complex . <=

Introduction to experimental particle physics,
Weimin Song
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Main parameters: particle type

Discovery Precision

S .

LHC/SPPC LEP / ILC/CEPC

Introduction to experimental particle physics,
Weimin Song
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Main parameters: luminosity

* High energy is not enough !

 Cross-sections for interesting processes are very small (~ pb = 1036 cm?) |
* olgg>H) =23pb [ats?,, =(14 TeV)> my =150 GeV/c?]

R=~Xo

*  We need.£ >>10% cm?s?in order to observe a significant amount of interesting
processes!

o L [cm?s?] for “bunched colliding beams” depends on
* number of particles per bunch (ny, n,)
* bunch transverse size at the interaction point (o, o} )

L= f mn,

* bunch collision rate ( f)

4ro .0,



Ways to Increase Luminosity

Increase the beam brightness from the injectors (N and o)
* More particle in smaller beams (increase brightness)
Increase number of bunches
* Higher harmonic RF systems L =
Reduce the B* (o)
* Stronger focusing around the interaction points
Use crab cavities to reduce the crossing angle effect (s)
e Tilt the bunches to have more head-on collision effect

N1Ns fny . II' . . S

Ao oy

\\8 1 //’ = ay e 4
-im; e s 2 s
"""""" /'/\'/.":'\"""""' __---I’\“_--:/:\.-:\___---___---
4 - = ==
_— ~ ’/,
- Without crabbing - With crabbing

Introduction to experimental particle physics,

2023/10/4
/10/ Weimin Song
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Introduction to detector



Just to get started...

°* p = momentum

°* M = mass

* E = energy

¢ = speed of light in vacuum

* v = speed of the particle we are observing
*B=v/c=p/E

+ = (1-B2)2 = E/m

* n = index of refraction
* Light speed in the medium is ¢/n



Interactions of Particles with
Matter - Photoemission

» Excitation (followed by de-excitation)
1. Atomic Electron (energy E,)

2. Promoted to higher energy state (E,)
*  Energy comes from Charged Particle passing nearby

3. a. Electron falls back to ground state (E;)

b. Released energy is carried by a Photon

Ephoton =K, -E;

After:
Before: * The |n|.t|al Charged Particle
*  Fast-moving charged particle or photon. q : :: E"}'I;‘Atef Phlot;)n blvi ited state)
*  Detector Atom/Molecule, at rest. om/Molecule (possibly in excited state
Energy: conserved

2023/10/4 Introduction to experimental particle physics,

o 42
Weimin Song



Interactions of Particles with
Matter - Ionization

> lonization

» Atomic electron is knocked free from
the atom.

» The remaining atom now has a net
charge (it is an ion).

» The atom may also be left in an excited
state and emit a photon as it returns to
its ground state.

» In a crystal lattice such as Silicon, the
ionized atom is called a “hole”.

After:

Before: *  Theinitial particle or photon.

*  Fast-moving charged particle or photon. ‘ *  AfFree Electron

«  Detector Atom/Molecule, at rest. * lonized atom (possibly in excited state)
*  Photon (sometimes)
Energy: conserved

2023/10/4 Introduction to experimental particle physics,

. 43
Weimin Song




Interactions of Particles with
Matter - Collective Effects

The electric field of a particle
may have a long-range
interaction with material as
it passes through a
continuous medium.

Photon Yickl n1am of n=141 mat:

Cerenkov Effect:
Critical Parameter is B

Turns ON when particle speed is

greater than light speed in the
medium: v=fc > ¢/n




Interactions of Particles with

Matter - Collective Effects

Transition Radiation:
Critical Parameterisy

The sudden change in electric field
as an ultrarelativistic charged
particle passes from one medium
to another results in ~keV
photons (x-rays).

Ultrarelativistic: y >~ 1000
Y= (1- B2)Y2 =E/m

Light is emitted at the angle
0~ 1/y
(1 milliradian or less)

6GeV/c
electron pion

mass 0.000511 0.139
beta 0@??22@ 0.999731761
gamma .7 43.2

Transition Radiation

proton

0.939

0.987974331

\

H <

6.5



Interactions of Particles with
Matter - Radiation Damage

> Particles can have lasting effects on the detector materials.

> Nuclear Collision

> Particle undergoes interaction directly with atomic nucleus.

» May transmute the element (radiation damage).

» May generate secondary particles which themselves are detectable (neutron detector).
> Lattice Dislocation

> Crystalline structure of a material may be disrupted (diode leakage current increases).
» Chemical Change

» Photographic Film (photos fogged at airports) or Emulsion (visible particle tracks).

» Changed molecular bond in a clear material may create color centers

While these effects can be exploited for particle detection,
they may also cause permanent damage to detector components resulting in a detector which stops
working.

This is sometimes referred to as “aging” .



Interactions of Particles with Matter

»Summary: When charged particles pass through
matter they usually produce either free electric
charges (ionization) or light (photoemission).

»>Ahead: Most “particle” detectors actually detect
the light or the charge that a particle leaves behind.

»Next: In all cases we finally need an electronic
signal which is big enough to use in a Data
Acquisition System.




Particle Detectors: Avalanche
Multiplication

We need devices that are sensitive to the few
electron charges coming from a ionization.

But, typical electronic circuits are sensitive to
~1pA = 6.2x10*2 e//s which is >> “a few”

We need to amplify the ionization electrons.

By giving them a push, we can make them
move fast enough so that they ionize other
atoms when they collide. Push those new
electrons and each one ionizes more atomes,
releasing more electrons. After this has
happened several times we have a sizeable
free charge that can be sensed by an
electronic circuit.

Introduction to experimental particle physics,
Weimin Song
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Particle Detectors: A Single-wire
Gas Chamber

HV

Low Electric Field
far from the wire.

High Electric Field
near the wire.

{> to computer

Introduction to experimental particle physics,
Weimin Song
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Particle Detectors: Multi-Wire Gas
Chamber

» Multiwire Chamber:

» WHICH WIRE WAS NEAREST TO THE TRACK?



Particle Detectors: tracking

“Why does he want all those wires??” ’Z
If we make several
measurements of track position 7

/

along the length of the track,
we can figure out the whole

trajectory.
4

It would be even nicer

to know what part of
each “wire” was

V= struck...

Vs ———
—

L
vd

K




Particle Detectors: better
position information

» Readout Options for Improved Resolution
» And for flexible design

» Charge Division

» Time Division

» Charge Interpolation
> Wire Position gives “x”
» Measurement along wire

“_

length gives "y .

It would be nicer still if
we knew the distance
between the particle
and the struck wire...

Introduction to experimental particle physics,

2023/10/4 .
Weimin Song
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Particle Detectors: higher
resolution tracking

Drift Chambers...

1. Particle ionizes gas; the

HOW FAR TO THE NEAREST WIRE?

-

g X

’
,/
’

’
o

“trigger”
detector(s)

2023/10/4

s’

’

’

“trigger” starts the timer.

v
U4
,l
2. Electrons drift from

track to wire, stopping

,/’\ the timer.
,/

3. We measure the time
required to drift to the wire
and obtain the distance X.

stop

start

drift time

Introduction to experimental particle physics,

Weimin Song
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Particle Detectors: TPC, 3D

position information

Time Projection Chamber (TPC): Drift through a Volume

»Just a box of gas with

> Electric Field and

i
»Readout Electrodes V\
Particle
»Readout elements only on one surface.

o track
»lonization Electrons drift to Surface for > Readout
N o . QR electrodes
» Amplification \
» Charge Collection
»Readout Electrode Position gives (x,y) e
- N o o |
»Time of Arrival gives (z). -
»P
Cathode —a
[~
y EEctronics
To DAQ

2023/10/4 Introduction to experimental particle physics,

Weimin Song
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Detector system example: ATLAS

25m
Tile calorimeters
LAr hadronic end-cap and
. forward calorimeters
______________ Pixel detector
----- Toroid magnets LAr electiromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
Introduction to experimental particle physics,
2023/10/4 P P phy 55
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The results from BESIII and how
they help to solve the problems



Beijing Electron Positron Collider
(BEPCII)

2004 started BEPC||/BES|||
construction

2008: test run

V" ‘ 2009 - now: BESIII physics run

10/4/23 BESIII Exotic Hadron Spectroscopy 57



BESIII detector

Charged-particle momentum
RPC: 9 RPC: 8 resolution@1GeV: 0.5%
| ’ Electro Magnetic
ayers Calorimeter ayers .
R Photon energy resolution@1
] } I A ‘ GeV: 2.5% (5%) for barrel
SC NN ! I E I (endcap); position resolution
Solenoid ~FHHiN AL 6mm
Barrel :! ; ‘|i!
NNHHH ittt dE/dx resolution: 6% for
ToF LU | [ 1
End T | electrons from Bhabha process
ndcap ;
ToF Time resolution of TOF: 68 ps (60
SC ps) for barrel (endcap)
Quadrupole
. SC magnetic: 1T
gt T— ==m2 S
Trigger and DAQ: 4 kHz, with
event size 12 Kbytes
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Physics program @ BESIII

Light hadron physics Charm physics: New physics:
-meson & baryon spectroscopy - /p & fp, decay consts. - rare decays
-glueballs & hybrids - CKM matrix: V,g4 V. - dark sector

- strong phase

Charmonium physics: OCD & zphysics:
: preci.si.on spectroscopy - precision R-measurement aco
- transitions and decays - 7 lepton mass New Physics
- charmoniumlike states - two-photon physics
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Amplitude analysis of J/W — yKKs

Pull

Events / 20 MeV/c?

Pull

Events / 20 MeV/c?

1000

—
[
L=

x?nbin=1.45

—+- Data
— Global Fit

!\I|I\|!lHHI\HI[\IH‘HH‘IH\

T -
.*+h..+*+*++* *+ .h+H+ 4’r.+, by H*’Hl-H + y *.,H’mw..*’r.*hﬂ.++*+.i*.
i 12 14 16 1.8 2 22 24 26 28 3
Mass(K¢Ks) [GeV/c?]
= (b)
= x3/nbin=1.41
; —+- Data
= — Global Fit
Ei b 4 b Hiﬂ.u o H,H*.i.* bl ,{ihL
k- *H {F#{HH' {Hﬂ *H“ i‘ﬂ{ﬂlﬂ N* p *i* ** i HH ﬂ

06 08 1 12 14 16 18 2
Mass(YK,) [GeV/c?]

22 24 26

PRD 98, 072003

Production rate for f5(1710) is 10 times larger f,(1500)=the former has larger
overlap with glueball;

Production of f,(2340) is consistent with the pure gauge tensor glueball
prediction made by LQCD.

Resonance M MeV/c?) Mppg MeV/c?) T MeV/c?)  Tppg MeV/c?) Branching fraction Significance
K*(892) 896 895.81 +£0.19 48 474 +0.6 (6.2810151027) x 1076 3506
K,(1270) 1272 1272+ 7 90 90 + 20 (8.547190423%) x 1077 160
£o(1370) 1350 + 9112 1200 to 1500 231+ 21438 200 to 500 (LO7HOF03) x 107 250
fo(1500) 1505 1504 £6 109 109 +7 (1.5970181018) x 107 230
£o(1710) 1765 £ 2] 172378 146 + 317 139 + 8 (2.0040934031) x 10~ > 356
£0(1790) 1870 £ 72 e 146 + 147/, e (1.117906%0.19Y % 103 240
£0(2200) 2184 + 54 2189 +13 364 + 914 238 £ 50 (2.7220085017) x 1074 > 350
fo(2330) 2411 +£10+7 . 349 + 1877 e (4.951521%066) % 103 356
£2(1270) 1275 12755+ 0.8 185 186.7122 (2.581088409) x 107 336
5 (1525) 1516 + 1 152545 754141 7318 (799790308 x 1075 > 350
| £2(2340) 2233 £345; 234570 507 £ 3778 322770 (5.547 034382y » 1073 260
07" PHSP - - (185 00 ) X 10> 260
2+ PHSP (5.73+000H18) x 107 136
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Charmonium spectroscopy

MASS [GeV/c?]

4.4

4.2 |-

™ | Ne(4'So)

W(4%S1)

Y(4360)

Xc2(33P2)
Y(4260) Xe1(3%P1)

Xc0(33Po)

4,044
Xc2(23P2)
X(3872)
3.8 Xc0(2°Po)
Y"’(19D1)
2Mp L
P’(23S1) T[i’o T'TT
3.6
Xc2(13P2)
R
3.4 | 7-[1, Xco(13Po)
3.2 - ‘ predicted, discovered ‘
JIY(1%81) ‘ predicted, undiscovered ‘
3.0 - ‘ unpredicted, discovered ‘
0—+ 1-- 1+ 0++ q++ 2++
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Hadrons : traditional & exotic

* Hadrons are composed of 2 quarks (meson) or 3 quarks (baryon) in

Quark Model : :

+ QCD does not forbid hadrons with Ngarks#2, 3

¢ glueball : Nquarks =0 (gg, 999, )

* hybrid : Nquarks = 2 (Or more) + excited gluon
« multiquark state : Ng,as > 3

* molecule : bound state of more than 2 hadrons

BESIIIT@BEPCII is collecting data to study this.
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Leptonic & semileptonic decays

Veq
C i ,\v'?_f_"“r"‘\
q‘ ‘ : '5_.:1":,‘
f(a)
GRf2, )\
= Py 22 o m dr GE|Veas)|?
M(D = 1) = —g HVea(s "mimoy | 1 e da? XFT;_E,)PB’I&(qz)IQ
Leptonic and semileptonic decays of charmed VOV TS
hadrons (D?, D*, D+, A.*) provide ideal testbeds ud " us " ub
to explore weak and strong interactions .
U - E I/c:d I/cs_ ch

1. |V yal: better test on CKM matrix unitarity
2. (Semi-)leptonic D, decays allow for LFU tests V.V V,b

3. fpee £ (0): test of LQCD
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fo.|Vcy| from D*>1*v

BES

2.93 b data@ 3.773 GeV New inputs from PDG2018:

value
PRD89, 051104 (2014) + + BESIII prelimina my | 0.1056583745(24) GeV
' D —>z7'y P ry m. 1.77686(12) GeV
— mp+ 1.86965(5) GeV
103 - Eg'a;;vu’ 409i21 . TpD+ 1‘040(7) o
e — Gop sean B Gr | 1.1663787(6)x1075 GeV~2
i -Oth;]{)\:l;cays m % Preliminary Preliminary
P 102 L M non-DD processes e o c' o ’§,02_
=] E it 213
g C = 8 2?‘0_ g e dope
m - 1 ¢ g MY e CLEO-c (uV)  H————ii
o L 8 2 4 137427 s !
5 10 - D = TH{— 1" Vv,
@ E T s e CRRTINEY T e BESII
z [ r—“gm_ BESIl ¥ 2] Blackfilld histograms |BESIN § W)
1 | A | S Preliminany g ¢ l: MC-hasedal;:ck rounds Fliminary E
o | Suwf '-: B g- - i
T | Smf H §
2 gmo— % 15F . BESIII (7v)
101 5 %ao— é . h‘{ preliminary
Q | 56F 5TF JE
0.2 0 . (éZVZ/ \ 04 0.6 T‘Em z: o % Jf#ﬂ . J
miss [GeV7eT] 03 %2 04 0 01 02 03 03 -02 01 0 01 02 03
MM2 (GeVic®y MM2 (GeVic?
+ o1 —4 Average (uv) p———m-y
B[D —> U v] = (3.71i0.19i0.06)><10 B[D+ - T+V] — (120+ 0.24 t t)xlo—3
- : stal
L Il Il l 1 L L 1 I 1

forlVel = 4575 +120+039MeV £ .|V | = 50.4 + 5.0, MeV ® v eV >0
D cd

statistical error dominant
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Precision measurement of the T mass

PRD 90, 012001

A fundamental parameter of the SM! =0 | m_=(1776.91+0.12'0 N MeV / ¢* E
Check the universality of the leptons! 5 15F 3
Near threshold scan method: S 1of _f
* 4 scan points with well optimization g e 3 E
* 13 decay modes of the t pair S e e
* Wlth beam energy measurement SyStem 03(:’)540 3550 3560 3570 éSZgasggg;nt;GIOIOI 3;10
W (MeV)

O-(Ecm

—(Ec.m.—E,
5BEMS)

l / dE/ 2(
/_2ﬂ SBEMS [ c.m.€

)2
c.m.

5
12—
_EEV{'S__ 5
/ Em. dxF(x, E:;m)
JO

61 (En V1 —x,m,)
“ - H(Ec.m.)|2

B(r > evt)  gim]
. 1927°
. = (1.1650 £ 0.0034) x

107> GeV~—2

T, B(u — evv)

Gu m;

( ) = 1.0016 = 0.0042

<g1>2 _u ("L)M(l +Fy)(1+F,)

T T T T T T T T T T

ARGUS 1776.30%7 5
BES (96’) 1776.96°05)
CLEO 1778.207 52
OPAL 177510750
BELLE 1776.61°032
KEDR 1776.81705°
BABAR 1776.683;
PDG12 1776.8270,¢
This work ~ 1776.91%55
PRI [N T N TN NN T TR S N SN SN SN SN RTA NS SR '
1766 1768 1770 1772 1774 1776 1778 1780

T mass (MeV/c?)
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PHYSICAL REVIEW D 105, 032006 (2022)

“E (GeV/e2)

Search for baryon- and lepton-number violating decays
D" = pe* and D° — pe-

1.88 1.88|-
1.87 = 1.87F
S
>
%)
1.86 S 186F
22
1.85 1.85-
1.84 1.84}
B 1 1 1 1 I 1 1 1 1 I 1 L 1 1 I 1 1 1 1 B L 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 L
-0.10 -0.05 0.00 0.05 0.10 -0.10 -0.05 0.00 0.05 0.10
AE™® (GeV) AE® (GeV)
(a) (b)
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We have 10 years of running
for BESIII

O Even though we have so many publications, we do not solve the
problems we mentioned in the beginning totally, but we either find
some hints to the solutions or find more problems. That is the reason
we want to continuum the running of BESIII detector for an other 10
years;

O With the next 10 years, we will upgrade the detector, and the
luminosity/energy of BEPC will be expanded also; we will get more data
sample, which means that we could perform more precision
measurement; at the same time better understanding of the detector
will be reached, which means smaller systematic uncertainty;



From BEPC to CEPC

LTB: Linac to Booster
BTC: Booster to Collider Ring

Super Synchrotron, S
Medium-Stage Synchrotron, MSS

Rapid Cycling Synchrotron, p-RS(

1) Qinh dao, Hebel Province ( leted in 2014)
I P2 2) Huangling, Shanxi Province (completed in 2017)
Sp 3) Shenshan, Guangdong Provinc e (( leted in 2016)
p C COII[de r R . 4) Baoding (Xiong an), Hebei Province (started in August 2017)
‘ng 5) Huzhou, Zhejiang Province (started in March 2018)
6) Jilin Province May2018)
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Tips for First-Time Learners

Love Ixslc: stay with it as long as you can;
Familiarize yourself with the BESIII software
platiorm and contribute improvements if you
have innovative ideas. Develop your own
operational scripts, whether by adapting
existing ones or creating new ones from
scratch. Maintain an organized and efficient
personal folder
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Tips for First-Time Learners

Participate in meetings: train your ears and
mouth to become familiar with English and
the jargon used in BESIIIL. Familiarize yourself
with the BESIII publication procedure. Gain a
comprehensive understanding of the physics
and techniques discussed in the presentations.
Make an effort to ask questions and offer
suggestions.
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Tips for First-Time Learners

Regularly report your results and take care in
preparing your slides. Clearly explain how you
obtained your results, allowing others to
assess their accuracy. It's your responsibility
to ensure others understand your findings,
rather than simply attributing any
misunderstandings to their intelligence.
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Tips for First-Time Learners

Begin writing the analysis note as soon as
possible. In the introduction section, ensure
you thoroughly read and comprehend the
references you've cited. Seek input from your
supervisor for refining the analysis note, but
put in your best eiffort before seeking their
assistance.
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Tips for First-Time Learners

Continue to cherish life even if you encounter
challenges you can't immediately resolve.
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GOOD LUCK!



GOOD BYE!



