
MAX 
OF Q
 
 
Garchin
 
 

F
Interna

the ant
Accord
equal a
ists are
seems 
groups
mental 
the pre
propert
dent re
is asso
Hänsch
mass o
per bill
ser spe
ic heliu
level of
ter. The
ticle Ph
from th
(Japan)
Institut
Hungar
Physicis
“CPT” (
postulat
left and
this “an
ter atom
tists we
cate tha
is essen
this com

Antimat
coming 
immedia
searche
other Eu
ty called
in high-
a 190-m
before 
             
1 ASACUS
AeGIS stu

 PLANC
QUANTU

ng, 28 July

Fundame
ational coll
iproton ma

ding to mo
amounts in
e developi
to be mad

s are produ
symmetrie

esent theo
ties, excep
search gro

ociated wit
h at the Ma
of the antip
ion (Nature

ectroscopy
um. The res
f precision
e experime
hysics (CER
he Max Pla
), and inclu
e (Vienna,
ry).  
sts believe 
(this stands
tes that if a
 right invert
ti-world” wo

ms should w
ere to exper
at this funda
ntial to use 
mparison wi

tter is extra
into contac

ately annihi
ers from the
uropean, Ja
d the Antipr
energy coll
m-long race
being trans
                  

SA is one of sev
dies how antihy

CK INST
UM OPT

y 2011  

ntal matt
laboration 
ass relative
dern cosm

n the Big B
ing concep
e entirely o
ucing antim
es betwee
ries of pa

pt for the o
oup “Antim
h the Lase

ax Planck I
roton relat
e, 28 July 

y on a half-
sult agreed

n, confirmin
ent was ca
RN) in Gen
anck Instit
uding the 
, Austria), 

that the law
s for charg
all the matt
ted as if loo
ould be indi
weigh exact
rimentally d
amental sym
the most pr
th the highe

aordinarily d
ct with ordin
ilates, conv

e Max Planc
apanese, an
roton Dece
isions are c
etrack shap
sported to 
                  

veral experimen
ydrogen falls un

TITUTE 
TICS 

ter-antima
including M

e to the ele
mology, ma
Bang at the
pts to exp
out of matt
matter atom
en matter a
rticle phys
opposite e

matter Spec
er Spectros
nstitute of 
tive to the e
2011). For 

-antimatter
d with the 
ng the sym
arried out a
neva (Switz
ute of Qua
University 
and the K

ws of nature
ge conjugat
er in the un
oking into a
stinguishab
tly the same
detect any d
mmetry is b
recise meth
est possible

difficult to h
nary matter
verting into 
ck Institute 
nd America
lerator (AD
collected an
pe. The an
several ex

nts studying anti
der gravity, and

 

atter sym
MPQ scien
ctron with 

atter and a
e beginning
plain why 
ter. On the
ms artificia
and antima
sics shoul

electrical c
ctroscopy”
scopy Div
Quantum 

electron w
r this they 
r, half-matte

proton ma
mmetry bet
at the Euro
zerland) in 
antum Opt
of Brescia

KFKI Rese

e obey a fu
tion, parity,
niverse wer
a mirror, an
ble from our
e as their m
deviation, h
broken. “Sm
hods and ins
e precision.

andle in the
r (even the 
energy and
of Quantum
n groups be
) at CERN.

nd stored in
ntiprotons a
xperiments. 

imatter at CERN
d ACE studies th

     P

mmetry co
ntists sets a

unprecede
antimatter w
g of the un
the visible

e other han
ally to exp
atter, whic
d have ex
harge). No
 of Dr. Mas
ision of Pr
Optics, ha
ith a precis
used a new
er atom ca
ass measu
tween matt
opean Lab
a project le

tics and To
a (Italy), th
earch Instit

ndamental 
 and time 
re replaced
d the flow o
r real matte

matter count
owever sm

mall” is the k
struments a

e laboratory
air molecu

d new partic
m Optics in 
egan constr
 Here antip
 a vacuum 

are gradual
The so-ca

N. ATRAP and A
he possible use

Press Rel

onfirmed  
a new valu
ented prec
were creat
niverse. Ph
e universe
nd, experim
plore the fu
ch accordin
xactly the 
ow the inde
saki Hori, w
rof. Theodo

as measure
sion of 1.3 
w method 

alled antipr
red to a si
ter and ant
oratory for
ed by scien
okyo Unive

he Stefan M
tute (Buda

symmetry c
reversal), 

d with antim
of time reve

er world. An
terparts. If s

mall, it would
keyword he
available to 

y, because 
les in a roo
cles. In 199
cooperation
ruction of a 
protons prod
pipe arrang
ly slowed d
alled ASAC

ALPHA investig
 of antiprotons f

lease 

e for 
ision. 
ted in 
hysic-
e now 
mental 
unda-
ng to 
same 
epen-
which 
or W. 

ed the 
parts 
of la-

roton-
imilar 
timat-
r Par-
ntists 
ersity 
Meyer 
apest, 

called 
which 

matter, 
ersed, 

ntimat-
scien-
d indi-
re – it 
make 

upon 
om), it 
97, re-
n with 
facili-

duced 
ged in 
down, 

CUSA1 

gate antihydroge
for cancer thera

 
 
 
 
 

 
P
D
 
P
+
E
s
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
H
D
 
P
F
 

en atoms, 
apy. 

Press & Public R
Dr. Olivia Meyer

Phone: 
+49(0)8932 905-
E-mail: olivia.me
streng@mpq.mp

Hans-Kopferman
D-85748 Garchin

Phone:+49(0)89
Fax:+49(0)8932 

Relations, 
r-Streng 

-213 
eyer-
pg.de 

nn-Str. 1 
ng 

932 905-0 
905-200 



(Atomic Spectroscopy and Collisions using Slow Antiprotons, named after a district in Tokyo) 
collaboration, of which Dr. Hori is one of the project leaders, sends the antiprotons into a he-
lium target to create and study antiprotonic helium atoms.  

Normal helium atoms consist of a nucleus with two electrons orbiting around it. In antiproton-
ic helium, one of these electrons is replaced by an antiproton, which finds itself in an excited 
orbit some 100 picometres (10-10 m) from the nucleus. Scientists fire a laser beam onto the 
atom, and carefully tune its frequency until the antiproton makes a quantum jump from one 
orbit to another. By comparing this frequency with theoretical calculations, the mass of the 
antiproton can be determined relative to the electron. 

An important source of imprecision arises because the antiprotonic atoms jiggle around ran-
domly according to their thermal energy, so that atoms moving towards the laser beam expe-
rience a different frequency compared to those moving away. This is similar to the effect that 
causes the siren of an approaching ambulance to change pitch as it passes you by. In their 
previous experiments of 2006, the MPQ / ASACUSA scientists used one laser beam, and 
this effect limited the precision of their measurement. 

This time to go beyond this limit, a technique called “two-photon laser spectroscopy” was 
used. The atoms were struck by two laser beams travelling in opposite directions, with the 
result that the effect was partially cancelled, leading to a four to six times higher precision. 
The first laser caused the antiproton to make a quantum jump to a virtual energy level nor-
mally not allowed by quantum mechanics, so that the second laser could actually bring the 
antiproton up to the closest allowed state. Such a two-photon jump is normally difficult to 
achieve because the antiproton is heavy, but MPQ scientists accomplished it by building two 
ultra-sharp lasers and carefully choosing a special combination of laser frequencies. To do 
this, an optical frequency comb – a special device invented 10 years ago by the group of 
Prof. Theodor W. Hänsch to measure the frequency of light – was used.  

 
Figure: An antiproton (black sphere) trapped inside a  
helium atom is probed by two laser beams. 

 

 

 

 

 

 

The new measurements showed that the antiproton is 1836.1526736(23) times heavier than 
the electron, the parenthesis showing the 1-standard deviation imprecision. “We have meas-
ured the mass of the antiproton relative to the electron with a precision of 10 digits, and have 
found it exactly the same as the proton value known with a similar precision”, Masaki Hori 
explains. “This can be regarded as a confirmation of the CPT theorem. Furthermore, we 
learned that antiprotons obey the same laws of nonlinear quantum optics like normal par-
ticles, and we can use lasers to manipulate them. The two-photon technique would allow 
much higher precisions to be achieved in the future, so that ultimately the antiproton mass 
may be better known than the proton one.” 

The Committee on Data for Science and Technology (CODATA) uses the results of this ex-
periment as one of several input data to determine the proton-to-electron mass ratio, which in 
turn influences the values of many other fundamental constants. [OM] 
  



Original Publication: 
Masaki Hori, Anna Sótér, Daniel Barna, Andreas Dax, Ryugo Hayano, Susanne Friedreich, 
Bertalan Juhász, Thomas Pask, Eberhard Widmann, Dezső Horváth, Luca Venturelli, Nicola 
Zurlo 
Two-photon laser spectroscopy of antiprotonic helium and the antiproton‐to‐electron 
mass ratio 
Nature, 28 July 2011 
 
Contact: 
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Max Planck Institute of Quantum Optics 
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