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The Big Bang requires the existence
of an antimatter universe
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Non-existence of antimatter in the
vicinity of our galaxy means:

Anti-Universe

Strong CP violation
Or
Antimatter clustered in far away yorom.2. 04

domain
~
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Before time = 1 microsecond (after Big Bang)
Energy <———> protons + antiprotons
— ﬂ
=. RURHRE
After time = 1 microsecond
Energy ——— protons + antiprotons

Small excess (1/1000 000 000) of protons ?
( CP violation)

time = 1 ps : The big antimatter massacre:

1 000 000 001 protons
+1 000 000 000 antiprotons
= 1 proton + energy
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#e=——_| 19284, Diracil & T iR .
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In 1932, Carl Anderson
discovers the positron

CARL D. ANDLRSON

The production and properties of positrons

HEREEARRFNAGEEY —, ERYEREEREME

Nobel Lectire, December 12, 1936
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R. A. Millikan Carl D. Anderson Zhao Zhongyao,
(1868 .3.22-1953.12.19) (1905.9.3-1991.1.11) (1902.6.27.-1998.5.28)
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When matter is created
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1955 4£10 1, 4t FHIBAR K K R8T R #2  “New
Atom Particle Found; Termed a Negative

Proton”.
RISHARERYIE | LRI,
BRI F S RAF.

Segre' and Chamberlain
were awarded the Nobel
Prize in 1959.
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* 1956, B. Cork&E Rl K EM KR
. 1965, 240%7}% % (CERN, A.
Zichichi; USA-BNL, L. Lederman)
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Neutron Anti-Neutron
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+ 19954F11H13H, LB E,
EEBREFMOSHMH T, 2177 KkHw
LEMRIRRENR (19844E107 200 1)
ZEWILEE:
iV =mY¥Y
AZ=HRRIR YR
PFEEIEHETF, RA o TR0 FEKR, B
¥, ROFMRETF AT EHE LRI L
HIRE SR, RIS SR EEREB R TR
MFFsgaERAIy Bl FHKEK b
FHYREBFERAT ksl ZHRRYRER . X
B, REE, KER SRR R AR . 5
b, HZEAFER . % -
19974F48, EEBERRELRE. AILKERMN ] . .
I KA TR S B EANZL TRV R Searching for distant anti-galaxy:
KEAT, MR S RN D5 SR B E R IE Finding antinuclei in the cosmic rays
A R 05 4135005648 408 — AN BT S R Y05 B To identify H gt _
VR EIET R RWRTE FROF R T —A o Identify He, we need to He
Eﬁ29407"ﬁﬂiﬂg “Dﬁ‘;ﬁ” ° ﬁ%?ﬁﬁ%ﬁﬂ%éﬁ -Mo-mentum,p
B — A E AR 'ghafg‘;-lﬁlg an(@
¢ olgn ot charge, signh _\

Basically Magnet + Tracker is
what we need.

« Track curvature - Q/P W, ®B
«+ dE/dx -- |Q| —
The detector has to operate
outside of earth

atmosphere.
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The Alpha Magnetic Spectrometer detector(AMS)
T H bR [ — MR B (THEHERST).

SRR KL BT
Bt L0 EH HHERL£
ﬁl_f/ld}“
Dx = 10 m
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@
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S A
70 000 channels™ 5 NJP- o frimme st 7 | (e “TRGEEEREa [N CaE T
E‘
AMS 01 detector y99163_4bAmsDatectWorldChinal T\TE Sp;ﬂe Shdumé Disagverg/ nnJIhE \}aauanazh Pad hefare liftoff for the STS-91 missian
- asa, Kennedy Space Center, June
ANSO REFAUT “F” SHK AT 20115
sy e TOF(s1.52) 4H29H RS AERIEE T YL, HBE-"RY

> — ARSI ” . BEL6900 AT, EWLH
d e 201237

Lower Wake ™
Crates

R.Becker 09/05/03

FaGsAMSpoer

e 3 I RE-ANALROKLT, RIES A IEFTREFRNE
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i 5] A BT BRI B IR E R YRR T 4%, BT —

K EAE W H R LI E AR ERE T AN FEENRE YRR T ERNTRERRR-4
#HL (RHIC) KBEAKRI: HEAZERSING WEAYZ—, TABERINERSARILEARTEE
RHIC-STARFH fr& 1 4 391 B A% 19 X 45 kL .

F—RE4%. BT29HHRER (AR
(Nature) & TILmi M4H25HBERELXKRE
TR B BRI SRR AT R TSR
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The Relativistic Heavy Ion Collider(RHIC) at the STARFES{EE
Brookhaven National Laboratory (BNL) took first
collision data in June-September, 2000. The collider STARAEA sk B 12N EFKKISAR T AALH R . H
has two intersecting rings with counter HSTARY EA1EA B R BEIE T @RI AKRE., HEB
propagating beams. Below you see some initial 2R SR RYIEE ST b ERL 2R b e R R RO T
images from head-on collisions of gold nuclei with “ s SRS .
a total energy of 26 TeV (65 GeV/nucleon in each BHERF, BHITRRFE, WRKFEE.
beam).

STAR Detector

J Protan/carbon elistic seattering pulaimater

Spinorientation

R Lk 27 e 1 5K [ VR B 3 (R H BER 4 5 T-2009
FRIEAESTARFIAS BIG “ R CATI MR E
(TOF) , FERWIBR4KIEH IR RIE T REHIE

. TOF “alone”

R TERT TPCalone

i U ] ol
02 0406 s 1 12 s 18 2
P (GeVic)

TPC alone PID range:
pi’k~0.6 GeV/e, "o (1300006,180009 |

(pi,k)/p~1.5GeV/c;

TOF “alone” PID range:
pi’k~1.6GeV/c,

(pi,k)/p~3.0GeV/c
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®Fundamental science | ®Material science

e

Microstructure

Anti-matter knowledge explanation

®Industrial application

Induu;trial CcT

A successful application is

Medical PET

Fundamental
Science
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Test Quantum Electrodynamics

Ps Bose-Einstein Condensation

Gravitation of Ps

Anti-matter Energy

Extra-dimension

‘ TNT 4.7x1081/Kg

Y By 7.1x10%31/Kg
7.5x10%

g RE 5x10'J/Kg

IE:,?%E 1.8x10Y7)/Kg

Anti-matter Energy

=

—
— Main 4 s
el —— .
I : ‘
: : 103 o !
; 10-6 torr : | i
gl | . BO £
i 1 i i o !
LA | | -
40 : ) ‘ P—
S B —
= -
i W/
o I I | I I
-200 -150 100 -50 a
Z (cm) ~ 0
etims of 1500 seconds, TN Fo135
of ~107 cm*. The efficency of the trap Is approximately 25%.

Multicell Positron Trap Electrods

master cell /

2 banks of 19 storage cells

A N~1012

Clifford Surko, a professor of physics
at UC San Diego who is constructing
what he hopes will be the world's
largest antimatter container,
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130 - 130 pg positron:
OTo reach the Oort

;A FEFE— M SMEE ?

of
. ‘Lacel -
Cloud?.

e p e REHKT | SITRT !

G Cloud?

‘,'Eerll*fination Shock

Volume 125B, numbsr 2.3 PHYSICS LETTERS 26 May 1983
| . . . .
f Do we live inside a domain wall?
V.A.RUBAKOV and M.E. SHAPOSHNIKOV
3l iki& !

Institute for Nuclear Research of the Academy of Sciences of the USSR, 60th Qctober Anniversary Brospect 7,
Moseow 117312, USSR

Received 7 'cbruary 1983

We discuss the possibility (hat space~time has (3 + M) = 1 dimensions, but ardinary (i
potential Well which is narrew along A spatial directicns and flat along m(ee ol

A siderey
in which this picture arises naturally., In = universe of this ty pe, processes looking fike ¢ e~ — nothing are possible at high
enerzies.
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E=68eV D=1.064
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* Presently there is a big interest in models with additional

E=136eV R=0534

and extradimension

dimensions which might provide solution to the gauge
hierarchy problem. In Randall-Sundrum model typell
particles can be trapped on the brane, where they are
expected to be metastable, they decay into continuum
Kaluza-Klein modes. From the point of view of an observer in
3d-"brane” the particle disappear into the bulk of the
additional dimension.

In a recent paper it was pointed out that this

mechanism could resultin a disappearing of
ortho-positronium into the bulk of additional

The probability was d to be: W

2
S ——————,
Br(o—Ps >extra dmzumr.nn) ~3x10 \\—If-‘) Tunneling of a particle through extra-
10%<Br(o-Ps extradim)<10* dimension (V. A. Rubakov)

iﬂ‘ﬁi!_lﬁ&ﬁﬂglﬁm i e

- RS Mkt R TR

4 inuikible: Tt FREE 2
BigRRAS
109<BR(0-Ps i if i %l 4 4E)<10°8
e e
$—PLIER , Moscow,USSR(1989)

BR( O-psiki& FIFsh4E ) < 5.8-107
Wotan et al. (Phys. Lett. 0, 31 \'_4 n I ".

EFnER , ETH(2007)
_|

BriO-psiki% PIWisM4E < 4.2 x 1077 (90% C.L.)

ZR—ER "BAL" 1B?

LRHASSR | B—RER , !

HAfSEIE— 1 Eoh 4t !

Solid State Physics

Material Science

Materials Design

Surface Science and Catalysis

Industrial Materials
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Positron Annihilation Spectroscopy ‘

Positron
experimental arts

Coincid: Doppler Broadening

2D-Angular Correlation of
Annihilation Radiation

Age-Momentum Correlation ‘

Positron annihilation induced Auger
Electron Spectroscopy

Low Energy Positron Diffraction ‘

Slow positronbeam
Micro positron beam
High energy positron beam

=. IERFERFUREA

e source thermalization

000000

= diffusion

0 00 0f0 O’
0 O :;,e e O 100 nn
OOCNDOO

trapping

IEFFHEIARRYTEETE

® NP GRIE & R T R BB B AR R
o THHM, EFHXIFREIE;
iji%{ﬂﬂﬁﬁzi%ﬁ UNEFE) B

© TRy s 3 8 R IR T B R SR 5

o ERTRRTHRNT, AH58RTHHX
TR TR R

o B IETHOREGREET Mk, FHTWRA
SR e R W) AN H S0 P A R R BT 0 A

IERFEREFNEREA
1P W/f/
= . Positron lifetime S

<o ©f3. Angular correlation
f 1.27MeV TR
L+~1[mnm Pey

P 9, =~
e E-300keV+ kT o : !
B

b I
Na—="Ne+e'+v

e i
57 ““Na O.511MeV ] |
T12 7P JBre0.496,ECO.5% —100um - )
137'““"1 J) B+ 0.06% 2. Doppler broadening

11 =
N0 0.511 MeV £ AE, AE= Dzai2
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- SCA
Na Source 1.27 MeV| 0.511MeV
\ 1.27 MeV P tﬂrl { MCA
& Sample TAC "'f,, §
)
¢ Ye Stop 5 J\ ©
T - & ¥ swepf [| PM 7
511 keV 511 keV T SCA 1.27MeV
Scintillator 511 keV
Energy
Defects in Materials
Defect Type Size Materials Mesoporous materials
low-K dielectrics
Emlites
Atomic .1 nm Metals i
Vacancies Polyfners Porous glasses
Dislocations 1 nm-10 pm | Metals . ;
u o
Ons Lifetime (ns) 142 ns
Voids .1 nm-1 pm | Composites
EMHENIERFEG
Holes =~|.1 nm-10 pm | Polymers

T RE A

B Ed A . o3 §

Zn0 (V0O)ETFFEIES ZnOM B Zn A2 R IE R T

inléxzé

HEYF F---GaN

GaNEZO0)E T
P IE B FERES R

GaNH B GaBi 22 f1(0001)
B FPE IER RS
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SmFeAsO SmFeAsO
Lot
P R R
]WW“M’&_ e e
1 G A
001> ‘Sm"Fﬁ‘ (001) FeFi €001) SmFHE
: & B oD A
[0 £ LA
3 i L 1 s i
P! Bt ) e Wy
001> ASFE 001> OFE (001) AsPIE (001) OFHE
(©001) (Fe, As, Sm, 0) FFFHEEMERTFHEIAA ©uD) (Fe, As, Sm, 0) RFFE-LWERTESFAA

Positron Lifetime
300 gm
® GG4 =]
2800 OLDA CdTe
260
%
8 AE =112 ke
=
5 240
g - InP . -
GaAs
220 Si
(]
200 o
[2%) B
]

18?80 200 220 240 260 280 300
Experiment (ps)

AE =112 k,c

Positron lifetimes for some semiconductors. The solid and

open circles give the GGA and LDA results as a function of the Doppler Broadening

experimental ones, respectively.

B Doppler effect
E electron momentum in propagation direction of 511 keV y-ray leads to
Doppler broadening of annihilation line
\:. Lorentzian "
O I P 10Fe" annihilation. gy 1
% > in GaAs
Iy [ q 08 1
frequency S
Yy E o J
22-Na source N oo FHM =28 key FWHM = 1.4 ke |
F Technique g
S o2 B
22-Na source -4
, Sample
o e — MCA e 506 508 510 512 6514 516 518 520
Ge Stabilizer| \‘ ot - T +—ray energy [keV]
e Detector \ . Dot (tebizer] T
IR VATALISENGVA v | - | [Memony] ¥ aASERA Y rEap
511 keW 511 keV E,. E, - energy of y quanta
511 keV 511 keV ez !
2014/12/4 2014/12/4
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[arbitrary units]

Intensi

&3

&
L GaAs 513 514 515
® Plastically deformed ¢ L
5 Refe O :
HENCS. fi B Data Treatment
3 g B Line Parameters
> = "Shape’ parameter

512 514
y-ray energy [keV]

2014/12/4

Doppler coincidence spectroscopy

source

sample

2014/12/4

1/12/4

590 E2KOV)

505 510 g8
Ef(KeV)

Towlsm SSTA0N1 Cusar 190 155
Camts 0

2014/12/4

Detector B y-ay energy [keV)

(@

Al

2 @ @
5 8 B

=
3

g

Nommalized intensity
50:10° 2610

Without
coincidence}

Simple
Coincidence

Relative intensity

Coincidence with
E,+E;=2m,c?

510 515 520 525 505

510 515 520 525
Detector A j—ay energy [keV] —ray energy [keV]
H =
REIgIKEL~10°
2014/12/4

Ratio to Al

0 10 20 30 40 50
-3)
PL(1[}moc)

2014/12/4

[ RHEE SR R A B 22 e i A dR =

i
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B chemical sensitivity of energy spectra
2 Elemental
10°F & 3
& . Ga
* As 9
= 10°% {3
(&)
£ x
S 3
L) Q
= 10° 1 °
a o
= T
o
10°k r
10¢ ' 1 1 E
0 10 20 30 0 10 20 30
3 & i
Electron momentum p,(10° m,c) Electron momentum p, (107 mc) = AL I
—— Mg layer
LE:E v . ' - 1 e e
512 54 516 518 £20
2014/12/4 2014/12/4 Gamma Energy (ke
T —r———rT T
2 Fe-0.3%Cu -
Fe-0.15%Cu ~
Fe-0.05%Cu ure Cu
. pure Fe ‘,-" “\\
MgO Zone axis [001] =-=-pure Cu (wnimsd) ¢ \
4 *,
151 ; *, =
&2 A b
2 ' R
2 s 0.3% =
2 s
= \ v 0.15%
;é ==
O5%
Au cluster ki
pure Fe
05 -
" 1 1 1
0 10 20 30

pL (10 3m.;.c:!

Zoneaxis[001] 2 M

pectra for Fe 0.3% Cu, Fe 0.15%
liated with fast neutrons at about

FIG. 2. (Color) CDB ratio
Cu, Fe 0.05% Cu, and pure Fe i
300 =C, together with that for unirradiated pure Cu.

2014/12/4 2014/12/4

B ABRE

Doppler
Spectrum(AE)

L]
A
start stop
Lifetime(ps)

2014/12/4 2014/12/4

Ccounts

Hh [ L 2 AR R A H 2 e - 0%
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p-PsHlo-PsAALIER RO FpdFIE

0.60
0.55 - / / o-Ps pick-off
= 2
. L e e, i 65

0.50

)
ﬁ

< ZEH

0.45 e T T S SEMEP BR®E
o 2 4 6 8 o

positron age [bs]

S
P Y BTSN AN AT S

S- & é;}

2014/12/4

2D-PASTR T 2%
.

02"'\ (E) PPy
Eon P—— [l/ annihilation

Z N(E) npPs= Z N(E)

510.25k1”

N(E)

O-Ps .
annihilation y . free e+
annihilation

o S11keV

porous materials
Long-lived o-Ps 3y anmh\lanon

. Pulse Helght

4
1
3 &=
4

Positron 3y annihilation
probability (I3,)

Positron annihilation y-ray
spectroscopy

Slow positron
with an energy related to
the implantation depth

2yannihilation peak

I Positron lifetime measurement |

The larger the pore size,

Pasitron 3y annihilation
probability (13,)
H the longer the Ps lifetime.

413k T";Fx‘;’v"“j """
Energy 511 keV
Positronannihilation y-ray spectrum

J ﬂ
time dependent 3y fraction

Pulse Height F3y(t)

2014/12/4
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Without

ith C
wi ap Cap

without Cap

linear scale

linear scale

3y annihilation
2y and 3; amihilation . Sample A Sample B Sample C

i In pores
IvacHin P randem. larae random, small periodic
2014/12/4 2014/12/4
Table shows typical values for the efficiency,
ity ) emission energy and energy spread of selected
o i materials and different geometries.
annihilation  =13%
{
B Moderation parameters for selected moderator materials
£
% Type Cyp Eemiss (€V) AL (eV)  Lpn('O)
g
Reflection W 103 ~3 <1 >2200
Transmission W 2x1074 ~3 <1 >2200
_____ Transmission Cu 5x107° <1 <0.5 650
Moderator Transmission Ni 5x10°° <1 ~0.2 650
Transmission 5x1077  ~10 10 NA
solid Ne
2014/12/4 ) RS . 2014/12/4
10°F After .
w0t Moderafion ] source  [ExPBfilter collimator  accelerator sample
L7 104k “Na e+ emission
> i spectrum | \
% o . WL
e
: | (e
| B g
e e B U magnetic =0 SOV pene‘t]r;ti?)ﬂeplh
S 1 2 4 106 . 2
(0 10 10" 1p° 10° 10° 10 BB guidance field
Positron energy (eV)
2014/12/4 2014/12/4
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020 E=15keV ]
’ Makhov profiles in Si
Wo1s
N
%010
E=3keV

A\
0051 | _E=5kev
E=10keV

02 04 06 08 10 12 14 16
Depth z [um]

Z=AE"/p

A =4.0 pygcm2 keV-16

RES—MEEBTRE PISENREREEE T H ALIM Lnm B[P um,

2014/12/4 2014/12/4
RIS IE B TR
5Z
F S-E and S-W plots
Mean positron depth (um)
0 0.59 192 383 624
Lo4 Bisi 50,150,300 kev | (@ defect A BaF,
.22 811 kev A
= &) S
£ bulk 511 keV Gl
&
o X -
096 © reference surface | = by A Source of pulsed
m 10" em? positron beam
A210%em? > BaF,
05 surface 11 ()
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Scanning positron microscope
Bunched Positron Beam

o8 B Variable energy micro-beam of
monoenergetic positrons

B Lateral resolution of 2 um is
achieved

B Lifetime measurements at different
beam energies are possible

I

¥ Principle disadvantage: broad 9
positron implantation profile at high ~ pm 75 =150

energies e sl
Phys. Rev. Leit 87, 067402 (2001)
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Electron and positron beam image of the
ime secs surface of a test chip. Light area is SiO,,
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dark area is platinum

50

Fatigue crack in copper and map of mean positron

Intensee®
microbeam

ere

Bellows

Objective
BaF, scintill tion
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Image contrast scales
Unit Min. Max.

t (ns) ;0 NI 0.75
LY 0 I 2800
Lyep (™) 0 IR 200

(B)7,47keV  (c)r.64keV  (d)t, 78 keV

(9)nd7keV  (DT4TkeV (g)T T.8keV

(B) 1, 47 keV. (.u,wﬂkev () e T8 KEV

PR 5 4% P 2 B
State Key Laboratory of Partlcl 3!!! fon

P ERF A AREED

ngh energy physncs Nuclear physics

Particle physics and application

L -

Staff and student
1 Professor + 2 retired professors
8 1 Lecturer
2 Post-doctoral
12 PhD Students
5 Master graduate students
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tory of Nuclear Solid State Physics, USTC

: AMA{‘:A

Theory
research |

To develop positron
annihilation theory|
and to calculate
positron behavior i)
materials.

Detecting
techniques

To develop new
methods and
techniques for
positron probe .

3 PhD students

To research
microstructure of

materials by using
variety positron
annihilation techn.

for muon probe .

P SV
511 kev

Resolution: about 240 ps
Count rate: about 100 cps

Conventional PAS

It is first digital CDB spectroscopy in China
(2003)
Count rate: about 200 cps

Digftal

[l ! 5

Master
Digitizer
N

PAS

PMT

Time resolution:~185ps

lifetime

Count rate: ~ 30cps

Count rate: ~ 30-40cps

2D=PAS

The RGM-1 solid neon
moderated system has been
bought from the FIRST POINT
SCIENTIFIC COMPANY.

Now it is being installed to

match with the original beam.

Moderator material

Slow positron beam, 20mCj 22Na

Solid neon

Moderator temperature: 7-84K

Beam transport:
Source shielding:
Separation fiter:

Magnetic
in vacuo: Elkonite exteral: lead shot
Magnetic deflection

Moderator diameter: 8 mm

Beam diameter:
Positron flux:
Energy spread:

1325 8V (1.7eV typical)

Moderator decay rate:  <5% per day - * to be demonstrated

Moderator regrowth
Base pressure

time: <20 min total -* <30 min to be demonsirated

<3mm (depending on B) - * demonstrate 8 mr in a B field of 125 Gauss
8million/sec (50 mCi 22Na) - * +/-10% demonsirated using Nal scintilatof

M

Proton beam

Chopper

Collimator

Positr

Target: Graphite

from CSNS *

128 detectors
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