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physics department of Sun Yat-sen University

Your Title Here SYSU

PIBL = B
School of Physics

PP R LB
School of Physics
and Astronomy

P52 [
School of
Science

In 2015, the Department of Physics was integrated to establish the School of
Physics, which has the State Key Laboratory of Optoelectronic Materials and
Technology, and has built an important platform for the open sharing of
neutron spectrometer of Sun Yat-sen University: an important platform for the
research of kinetic properties of condensed matter and functional materials;

neutrino coherent scattering detector system, etc.

physics and astronomy, coordinate Zhuhai, rely on the two national
research platforms of the Tianqin space gravitational wave detection
program, the China Space Station Engineering Sky Survey Telescope
Guangdong-Hong Kong-Macao Greater Bay Area Science Center and a
provincial and ministerial platform of Guangdong Provincial Key Laboratory
of Quantum Precision Measurement and Sensing, leading the "deep space"

one discipline group of Sun Yat-sen University Zhuhai Campus.

N

mathematics and physics, coordinate Shenzhen, serve and
integrate new medical sciences and new engineering, and

build the world's first gamma photon collider and

comprehensive beam facilities.
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The project consists of international and domestic cooperation units

Collaboration :

> RWKRESYSU: ZE0kEE. EBE (BRLHAGFRES) . BFHE RIHEEE) . F5&E, SHEF. Bif. FEEk.
BT, XUiE. ABIZFE. ofE. BE. TRtk EFBE. ZBER. Loic. 3K, BEE. FEE. TH Mkk) . &
miE (¥kk) | KISIS (AXR) . JOARET (HIBR) |

=AEFrIHEP: @1, 5kiE, AEHE, S5, FEE. XEZE, WBE,

iB%¥Tsinghua: FEfEHF, S8, HREE

EiXKFWuhan-U: Bsin. 57

b5 k% Peking-U: ERFEK, REH

JEABeijing Normal U: EJ3E, U, B, SEH, BEE, 55, B8, KeS
JtfinBeihang University: iKpSE, FIMREE

Hiroshima University, Japan : S#%#)] (Hiroshima U.: Tohru Takahashi)
AflKUniversity of Science and Technology of China : =i, XlfiH

L8576t rShanghai Institute of Optics and Machinery : ZFE§r, /SRR, &2FAR, XpkiE
Lia5FHRBShanghai Advanced Research Institute : iEXEK, SFRN, E&EFH
EfpFlIANational University of Defense Science and Technology : REIE, B
FAZEASEASFXi'an Jiaotong University : BB

International collaborators:

> Japan: Kaoru Yokoya, K. Homma

> ltaly: lllya Drebot, Luca Serafini, Vittoria Petrillo, Massimo Ferrario

» France: Amplitude Technology Co.

» USA: Chris Barty, Bob Byer, Almantas Galvanauskas, Russell Wilcox , Mayda Velasco

> Russia: Valery Telnov
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2R INBERS, 19284F, Rolf Wideroe,

88 cm glass tube linac
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1943: Synchrotron 1944: Phase stability
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1969: 15t hadron collider
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World’s Largest Collider — LHC (27 km)
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25 Nobel Prizes in Physics that had direct contribution from accelerators
(courtesy: A. Chao)

Year | Name Accelerator-Science Contribution to Nobel Prize- 1980 | James W. Cronin and Cronin and Fitch concluded in 1964 that CP (charge-
Winning Research Val L. Fitch parity) symmetry is violated in the decay of neutral

1939 | Ernest O. Lawrence Lawrence invented the cyclotron at the University of K mesons based upon their experiments using the
Californian at Berkeley in 1929 [12]. Brookhaven Alternating Gradient Synchrotron [28].

1951 | John D. Cockeroft and Cockeroft and Walton invented their eponymous 1981 | Kai M. Siegbahn Siegbahn invented a weak-focusing principle for

Ernest T.S. Walton linear positive-ion accelerator at the Cavendish betatrons in 1944 with which he made significant
Laboratory in Cambridge, England, in 1932 [13]. improvements in high-resolution electron

1952 | Felix Bloch Bloch used a cyclotron at the Crocker Radiation spectroscopy [29].

Laboratory at the University of California at 1983 | William A. Fowler Fowler collaborated on and analyzed accelerator-
Berkeley in his discovery of the magnetic moment of based experiments in 1958 [30]. which he used to
the neutron in 1940 [14]. support his hypothesis on stellar-fusion processes in

1957 Tffuug-Dao Lee and Chen Lee and Yang analyz_ed data on K mesons (6 and 1) 1957 [31].

Ning Yang from Bevatron experiments at the Lawrence 1984 | Carlo Rubbia and Rubbia led a team of physicists who observed the
Radiation ‘Laboratory n 1955 [15], which supported Simon van der Meer intermediate vector bosons W and Z in 1983 using
the;(‘fje[“ m :_956 Elizt]pamy is not conserved in CERN’s proton-antiproton collider [32]. and van der
weak interactions . sar dsveleng R — : 58

1959 | Emilio G. Segre and Segreé and Chamberlain discovered the antiproton in i\g: :ll;:l:e\ :i;z:ﬁ;:::sh[gi ]t .he SIS

Owen Chamberlain iiiiriiﬁ t[tieTFevatron at the Lawrence Radiation 1986 | Ernst Ruska Ruska built the first electron microscope in 1933

1960 | Donald A. Glaser Glaser te§ted his ﬁr.st ex‘pcrimental six-inch bubble });s:edlﬁig::igéz?i%l:legi;ipnwl L e
;lli?:tgrtfoll{ﬁ:f;‘ltchoil:fgtgfr[glg ]p rotons produced 1988 | Leon M. Lederman. Lederman, Schwartz, and Steinberger discovered the

1961 | Robert Hofstadter H{)fstadter carried out lelectrou—scatiering e i S.Chwartz' e b FAR2 upiti Iirin i
experuments on carbon-12 and oxygen-16 i 1959 L S TEinbe e Alte{na.tmg G Radlicit Synchrotr(zu [‘.35].' -
using the SLAC linac and therchy made discoverics 1989 | Wolfgang Paul Paul’s |dea‘m the early l950§ of building ion traps
on the structure of nucleons [19]. - grew out of accelerator physxcsv[36]. - -

1963 | Maria Goeppert Mayer Goeppert Mayer analyzed experiments using neutron 1990 | Jerome L. Friedman, Eriedunan, Kel}dall, qnd Taylo_r siexperiments
beams produced by the University of Chicago Hgnry W. Kendall. and 1974 on deep inelastic scattering of electronsvon
cyclotron in 1947 to measure the nuclear binding Richard E. Taylor protons and bound neutrons used the SLAC linac
energies of krypton and xenon [20], which led to her [37]. . — -
discoveries on high magic numbers in 1948 [21]. 1992 | Georges Charpak Charpak‘s'de\'elopment of multm'l.re proportional

1967 | Hans A. Bethe Bethe analyzed nuclear reactions involving chambers in 1970 Were made possible by
accelerated protons and other nuclei whereby he accelerator-based testing at CERN [38].
discovered in 1939 how energy is produced in stars 1995 | Martin L. Perl Perl discovered the tau lepton in 1975 using
[22]. Stanford’s SPEAR collider [39].

1968 | Luis W. Alvarez Alvarez discovered a large number of resonance 2004 | David J. Gross, Frank Gross, Wilczek, and Politzer discovered asymptotic
states using his fifteen-inch hydrogen bubble Wilczek. and freedom in the theory of strong interactions in 1973
chamber and high-energy proton beams from the H. David Politzer based upon results from the SLAC linac on electron-
Bevatron at the Lawrence Radiation Laboratory [23]. proton scattering [40].

1976 | Burton Richter and Richter discovered the /'Y particle in 1974 using the 2008 | Makoto Kobayashi and Kobayashi and Maskawa’s theory of quark mixing in

Samuel C.C. Ting SPEAR collider at Stanford [24], and Ting Toshihide Maskawa 1973 was confirmed by results from the KEKB
discovered the J/¥ particle independently in 1974 accelerator at KEK in Tsukuba. Ibaraki Prefecture,
using the Brookhaven Alterna[ing Gradient Japan. and the PEP I at SLAC [41] which showed
Synchrotron [25]. that quark mixing 1n the six-quark model is the

1979 | Sheldon L. Glashow, Glashow, Salam, and Weinberg cited experiments on dominant source of broken symmetry [42].

Abdus Salam, and the bombardment of nuclei with neutrinos at CERN 2013 | Francois Englert and Peter W. nglert’s and Higgs’s theory of the Higgs particle in

Steven Weinberg in 1973 [26] as confirmation of their prediction of Higgs 960s was confirmed by the ATLAS and CMS
weak neutral currents [27]. \ experiments at CERN’s LHC in 2012.




Tens of Thousands Accelerators were built

Light Sources Neutron Sources




First Generation of Colliders — 1960s

1961: AdA first lepton collider 1969: ISR first proton collider




Scores of Colliders were built

Colliders We Built

20+
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ae pp/AA ep mumu gg

* Inthe past 50 years,
» we built more than 20 e+e- colliders
» we built 5 hadron colliders (pp and ion-ion)
» we built one ep collider

e However, we have never built any vy collider
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threshold of the
Breit-Wheeler

process

threshold of the
Bethe-Heitler
processey — ee’e”

integrated luminosity
corresponding to a bare minimum
of about 100 scattering events
(fotal).
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* 1.996T vs 1.9527T,
* 665T/m vs 650T/m
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Gradient homogeneity for different distance between the laser hole and beam hole



FEERHZ/\: MDI (mechine-detector
interface)
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Piezo Motor
Actuators (4, )




<[

Bl
i

;l:'ll

MDI

Luh
A=
ol |

__.-.lll.....
mE | 4

-

] |

] |

11
—
=

ke
Al
2




MDI




MDI




FEZLPEFZ2h: FNBREBRFF

BTl
k7

gEX

BEE IR
BEEO
BRARHk
BFFIE
ESEE

PS ( BC-408)
Csl(Na)

|
]

iy
AR

IME
KE

RIGRIS
SCARIFSIE
SCAREFRE
FERIIE)
HiEE

&
A

1302 (21*62)
ey, positron
0.1MeV-2MeV
7-8%
219F
5.73FE
3mV
10mV-1V
T1cm
6cm
30cm
44cm
31.92 (A) 47cm(4h)
1.2cm*1.2cm
420nm
1GHz
1024*2
20ms
1.8Gbps

. | AD9222

FEE

: Y FPGA |*5[oE]% Fiber

Distribute

s 1]
To DRS4 & AD9222

Power
Consumpti
on

17.5
0.7~5 1024
GSPS /channel mW/gZIhann

Bandwidth

950 MHz



] o popp
EEE R ':F"l'*f‘ﬂ )
4. Flash {lllll'j.]'
== VEER- EfrSESRN _i%f-‘f*#!f
— =2 ISR FRE
SEELIEEE B=igit5iE
SFE&RIF -
ALK
FIJIEFIEE% Ba RS + iEEse LSRR -
RS B . e & S5 FPA S 3
remmre | BOT+TMDUZGIR  mmnass
& M2 R ERE R EE + RS SR
IRt
E3[YE S b i RIS
Fihe = IREATFRBE S
FRARES  gEpgms  DESEES
P Ky-myy W meonm

RARpigitSiH
iXt



Hx

m 1) AT ARESIIEEFIIEN?

mm 2) W{ERIS? KERABMLE?

m 3) BAFEXSMNA{MEA?




S IHENRGESRBFES

FEURE &Rl A FEAl AL FEE R

- IR ESISFIIHEM

- R BIREENERUENNE
LHF S5 F Z ARIFTEFIRY
&y

- R BREENERUENNE
MEEEEE (V) ZIEEHIEE (e +e-)RY
&1t

- REIENF. HFE=F4EM. IE
AR EEFRE,

« IMEFHEINERE. EEHS. &%
BRlEs 'EVEE?aL ZEFb.
HHEINARR, EEZBESEE
FH

E=ENBRES: vESKIR:
6cmENHE, 1-5HRIRDUIE;
VENZSEkiS: 5016/s, EEER
REEEE, MHRIBMEERR
= EEERFRFS: MHERER;

N+fs8RaNDFrkig, BFR

t

 SHANFEFES: EHES
YIEEBEIER; SaEEXEMIE;

{RIELIREBTYIE; BiREKAR
Fil& ps 10°77/s; EEMHZE
mEaLiE

BREREEYCT: MHEIRIFGS.
EMR@EYCT, FLASHES;

« SR FIERLESHIE

Mo099-Tc99m; Ac226,
Cub64, Cub7%;

- SR FIliERRFLASHET S

=P

- I SRER D HHRESPECT-

CT: 50f{K53#%, >1000HzRk
GOnER;

- REEX. YIGIR;
o BSHKRFRES,



YY —> TT (M. Velasco)

Proposal for yy collider at the Tt threshold | .., ™

Away from bb

3.6 GeV < E'ﬂ’ <38 GeV thresholds to avoid T
contamination from Y T
Or ZmT < ET’Y< zmb » B to T decays

Indirect search
for new physics

Direct search
for new physics

1
1

1. First precise measurement of the g-2 of the t (a,)
* 1Ty vertex

2. Improve g-2 of the 1L (a,,) *
* Hadronic decays of the t like T to v._m 0

3. Search for lepton flavor violation (i.e. T = uy, pupu, etc.) *
4. Search for CP and T -Violation in T measured from dipole
moment and rate, angular and polarization asymmetries

from T dec ays * Topics part of the Intensity Frontier program in the USA
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YY = Ny, (V. Telnov)
R A€ X a9 y—yd-IEH

Resonance formation from two real photon collisions
Q=0,C=+, JP=0* 0, 2%, 2, 3%, 4+, 4, 5* ... (even)?, (odd #1)*

Example: YY—1;.
There was attempt to detect this process at LEP-2 (2E=200 GeV, L=1032, but only

upper limit was set. , o -
v dL,, 4r PW(1+/L1A2)[E]' .

!
A

aw,, M: c
 dL 2E,
For our collider—Z——==0.5 , so
dW},},Lee
T _(A+A2)(hY .
N~ i - 2)(E] (L) ~8-107 ———(L,")
E M’ c E,M*[GeV?]

For I (7,)=05keV,E; =17.5GeV,M(7,)=9.4 GeV, 4, =1L, =1.1-10" -2.2-10™,

t=3-10"s we get  N(n,) = 10°-2-10° and measure its I,
Production rate is higher than was at LEP-2 (in central region) ~ 500 - 10% times!

Such photon collider has very rich physics, incl. 4-quark (or molecular) states. Many
such states with unclear nature have been discovered recently.

Just for information. n, is detected in radiative decays of Y(nS). Babar has detected
~ 30000 n,, this was not sufficient to detect its decay to yy, because Br~7-10-. Such
decay can be observed at Super-B. LHC with 300 fb-! will produce 5:10°n,, 6
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HFITT

HFiTT - Higgs Factory in Tevatron Tunnel l

CLIC-based

Goal: 10,000 Higgs/year RF (1.3 GHz, 8 sets, 5 cryomodules 1.25 GV /set)

main linac __

Laser Y deteictor

R RV

Lasery
o~ __ main linac

RF

| Tunnel Cross Section
‘ (16 permanent magnet beam lines,
| B=0.05-3.3kG)

3.048 m (10 ft)

RF

e (80 GeV)
Mg FiberLaser
= Yy collision 3:3 0351 um, § J, 47.7 Kiz)
2.438m | (125 GeV) ,

} e (80 GeV)
RF

E=80GeV
p=800m
U =4.53 GeV/turn

1=0.15mAx2
P(rf) =27 MW

—_._M_.__
e e

( -~ drive beam decelerator™ )

= [ e
)
drive beam

>
drive beam

delay loop
1 4

-— combiner rings

4
drive beam accelerator

X band-based

SAPPHIRE

500 MeV e- injector

tune-up dump

11-GeV linac

~0, 20, 40,
60 GeV for
10, 30, 50,70 GeV e* (8 arcs!)
for e* (8 arcs!)

total circumference ~ 9 km

1.1 km

11-GeV linac

tune-up dump

Final Focus

Main Linac

Compressor

Pre-Accelerator

Damping Ring

W

Electron Source

Beam Dump

Main Linac

Compressor

Pre-Accelerator

Damping Ring

X Positron Source
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Rich physics can be accessed X2
by the gamma-gamma collider

For instance, the long-standing glueball puzzle can be possibly resolved with the help of data from yy collisions.
Glueball productions in yy collisions would be highly suppressed. Comparison between meson spectra in e.g. J/y
radiative decays at BESIIl and in yy collisions can pin down the glueball components within hadrons.

Suppressed glueball prod. Favored prod. of conventional mesons
g 333333: q

m v
d Test of pQCD

U boson P
A A
| | J ‘ Higgs and physics BSM
Axion-Like Particles Exotic hadrons

I
l \ I l | \ ’

20eV 140 MeV 1 GeV 3 GeV 10 GeV 126 GeV
VS (arbitrary scale)
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RS HIE

RE-RIERE
(Born-Infeld) {EAE
B F %5 & b I/RAGEIZMEsE A SN K =

FhiiE
RERF

FhiiE TR
IRERIF BtrEhiF

B EIHRISE B E AR
IEBHE, 0 TEBHE, 0

B RIER XK
FEREWEZ
(dark photon?
BRHIRES?)

'~ M 0.
NMSSMeR 42 NMSSMH#Ja%; :—iF P4 o {(F g (F r H*“’(ﬁ)

Mot HiggsIRE+ | |48+ (Axion)

vy = S*(S = h3,a’,A) - X
vy = 8*(S = hg,a’, A) — 2y

77_>6+6_Z,_>6+6_+(ff_7377 E:)
v =2 = v+ (Ff,37, B,---)

FE? 2 ?
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