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:JL\S_E_J Why should we test CPT invariance?

CPT invariance 0 mat;csesr;ri?r’:leT;tter

Experiment : Measure the fundamental properties of
matter/antimatter in high precision.

Aim of BASE

- precise measurement of proton-antiproton g-factor
by penning trap method

R
g: magnetic Moment in units of nuclear magneton n =g S



Recent
Past
Planned

S.Ulmer et

10

al.., Natu

CPT tests

re. 2015;5

24:196-19

kaon Am

positron g

antiproton g/m

antiproton g

21

10

-18"

10

-15

T

10"

relative precision



.\
\

\

BJJ\Si Measurements
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g-factor measurement reduces to measurement of a frequency ratio
In principle a very simple experiment

-> full control, no theoretical corrections



BSE Cyclotron frequency and penning trap

radial confinement: b=b5yz

2
axial confinement: ®(p,z)=V,c, (22 _%)

®(2)

. . 2 2 2
Invariance-Relation: VvV = \/v +V " +V

¢ + - z L. S. Brown and G. Gabrielse,

Phys. Rev. A 25, 2423 (1982).



« axial frequency ., — \/2q02 Vo
m

* modified cyclotron and magnetron frequency

vy = §(VC + \/VC2 — 2v,2)

Axial (BHi 77 [] ) v = 680kHz
Magnetron(¥Z7 % b O Y) v_=8kHz
Modified Cyclotron(k 2 v 7o O k0Oy>) v, =289MHz
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Measurements in thermal equilibrium - tiny volumina / homogeneous condititions
Enables cyclotron frequency measurement at ~1 ppb



Larmor Frequency

Measurement based on continuous Stern Gerlach effect

Energy of magnetic dipole in magnetic field ®y = —(i, - B) Hll ' M ’l mh
Leading order , 'Hl‘ | “l“"
magnetic field correction Bz =Bo+B2(z" =)

Spin dependent quadratic axial potential \ I'H ’
> Axial frequency becomes function of spin H'

state
I»lpBZ BZ
Av,~ = Qp—
mpvz v,
Very difficult for the proton/antiproton system J
B,~300000 T/m?

Most extreme magnetic conditions ever applied to
single particle.

Av, ~ 170mHz(v, ~ 660k Hz)

Effective Potential (a. u.)

Axial Position (a. u.)



E[S; Larmor Frequency Measurement

Spin is detected and analyzed via
an axial frequency measurement

Signal amplitude (dB)
&, ]
o

-3 -2 -1 0 1 2 3
(Frequency - 549190 Hz) (Hz)

Larmor Frequency is measured by repetition and
evaluating the spin flip probability

Together with cyclotron frequency

. eo{swtisical Method | Measurement:

:_:3 452 | 8/2 =2.792 848 (24) Rodegheri et al., NJP 14, 063011, (2012)
§ 2 < g/2 = 2.792 846 (7) disciacca et al., PRL 108, 153001 (2012)
a 20+

< Statistical Method:

® 0] ? | Limited to the ppm level due to the

498 499 500 501 502 503 504 505

e frequency (M2 strong magnetic bottle.
. Ulmer et al., Phys. Rev. Lett 106, 253001 (2011)
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&LSEJ BASE apparatus

upstream cryostat downstream cryostat

superconducting magnet

annealed

4K filter
copper rod segment
antiproton > )
beam

gate valvesL> = 77K heat
f . shield
turbo molecular / degrader Penning trap detection

Tm






BASE double penning trap

188 mm
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9mmI_ TIHT — ::.za..ioo;i,
analysis trap
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reservoir trap / precision trap )cdoling trap
high voltage electrodes ~ transport electrodes
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Signals observed in all trap and g-factor measurement is still ongoing.



Ground loop detection

* By ground loop, extra low signal will be on the
background and the voltage fluctuation directly
affects to the axial frequency!

1290 AV
=N T *—<10—6

Vo
Av, ~ 170mHz (v, ~ 660k Hz)

 To avoid it, we should plug out suspect cables or

d etect t h e g ro u n d loo p . P. M. Bellan, Simple system for locating ground loops, Rev. Sci.
. Instrum. 78, Art. No. 065104 (2007)
cable shields only shown |d

, instrument#1 ¢ 71 ﬁ‘“ | s instrument 2
split-core o
ferrite Rogowski
transformer coil v

power cord with power cord

ground wire with ground wire
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3“8; Making prototype

 Under Construction...



EfSi Summery
* For measuring g-factor, only Cyclotron and
Lamour frequency should be measured.

Principally simple but practically difficult.

* By Double penning trap method, the
antiproton g-factor measurement is now
ongoing even off beam time.

* For further measurement, there are many

things to be improved, e.g ground loop
detector.
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aimed precision of BASE
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Appendix: Concept of CPT violation

eAdd CPT violating term to a hamiltonian based on Standard Model and treat
as a perturbation theory

== Absolute energy change AE will be derived

H'=Hsy + AV wed — " |AV | >= AE
I different C’s

System based on SM CPT violating term|—— ., @» ST (i0)* )
ostelecky et al.

Absolute energy resolution (normalized to m-scale) is the relevant
measure to characterize sensitivity of an experiment to CPT violation.

Single particle measurements in Penning traps give high energy
rpcnh itinn

Relative precision Energy resolution
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_JKSi Appendix: How to measure v+
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