gt = I_) etet

- Sympathetic cooling
with Be™ 2 10 uK

Cooling 10 pK

gravity [

Laser (tp)

h=1/2 g (t1-to)?

— Photodetachment of e™
_ _ detector (t;)
— Time of ﬂlght JWalz & T. Hansch,
General Relativity and Gravitation, 36 (2004) 561.
ml-a = mgg L 0.1m Goal
1= h 10cm Ag _ 1%
1 At 143 ms g
\ Ih = V(Z)l‘ + ot’
0) vV, 0.5m/s
L Ty 20 pK~7neV
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Standard H _

. p +
production
via 3-body process ‘

bourf ete” __5 3-body
demonstrated by ATRAP (2004) —| p + Ps - H + e~

-
Idea for GBAR: —H + Ps > H + e~

2" charge exchange reaction
P. Pérez & A. Rosowsky, NIM A 532, 523-532 (2004)

Binding energy of H T-075ev = energy level of

Ps(n=3
L} Expect cross-section enhancement if Ps excited to n=3




H™ production

CERN provides per
bunch
every 110 s

Electrostatic quadrupole

Faraday cup l

PWO crystals + PMT

<

Mesoporous film, SiO, ~—_ Gi.N. membrane
3Ng

SRR

/ s

p

23/01/2018

- |~0.5107p } 10 &
10'? Pg /em? 1 &t
103:_ | 20%Fl’s(2p) S

T~

Microchannel plate detector
& Phosphor screen

/

Camera

100 % Ps(1s) ]

40 % Ps(3d)

Camera 1 L L L 1 i L L 1 1 1 1 L

0 5 10 95 20
Impact energy (keV)

P. Comini and P-A. Hervieux, J. Phys.: Conf. Ser. 443, 012007 (2013)
P. Comini, P-A. Hervieux and F. Biraben, LEAP 2013

P. Pérez - SPSC CERN 3



CAPTURE & COOLING

( : Ht — Be®
L 1L::E51 LASERS
04 M 313 nm

DETECTION

L LINAC kWTARGET& H Buffer Gas
e

MR TRAP
- 10 Mey | MODERATOR et 1 keV u '\

et 3 eV

‘ LASER 410 or 243 nm

DECELERATOR p keV | FOCUS 1./\1(3

e




D. Desforge

Layo u t O. Choisnet

N

r‘:l |

- reacti
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. Pérez - SPSC CERN



23/01/2018 P. Pérez - SPSC CERN



G. Mornacchi

Installation T T—
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Proton/antiproton decelerator . iuon

drift tube

100 keV p pulse
300 ns (1.3 m) 1keV (0.2 m)
4m mm mrad 401 mm mrad

-99 kV  switch —{-1kV

Tested and ready for 100 kV switching

Vacuum 5 10° mbar OK for passage of p but too high for ELENA
Chamber will be changed before April 2018 - 1019 mbar

Proton gun for tests
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7 T superconducting magnet with active shielding
will be operated at 3 T

being equipped - trap

now at Korea University Seoul

to be tested with electrons in Korea

then transport to CERN in 20187
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M. Matusiak

EleCtrOn LinaC S. Wronka

cavities

e-gun

circulator
-

& ‘
;

‘_'. (R - ~ ;
74 % 4
[ 5.
klystron | -\ | o

I§'s.
N I- .

b

target

water
chillers
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M. Matusiak

EleCtrOn LinaC S. Wronka

* installation started in February 2017
* temporary accelerating cavity structure
e destruction of heat exchangers due to > 20 bar water
pressure bursts
* leaks in wave guide = procurement delay
» extensive safety documentation
* two operation modes depend on repetition rate:
- < 3 Hz allow working in exp. zone
- 3-300 Hz zone patrolled, work in remote control
* radiation shield tested with RP
- OK after few adjustments

* beam permit approved for October 2017
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M. Matusiak
S. Wronka

RF waveform and pulses from gun and BCT beam spot on YAG screen

first beam in October 2017

beam energy measured with magnetic spectrometer
* set operating point at 8.3 MeV / 100 mA to keep safety margin
(activation threshold ~10 MeV)

repetition rate limited to 100 Hz due to target outgassing
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23/01/2018

final accelerating structure completed at NCBJ
new gun =2 1 A/4 us pulses
tests OK at 300 mA peak /7.5 MeV 2 10 MeV

installation starts Feb. 12 (3 weeks)

P. Pérez - SPSC CERN

M. Matusiak
S. Wronka
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L. Liszkay

Positron production V. Sacquin, B, Latacs

7
i
ofe ®
LINAC
7 ,,/’
. el -x\I\
e* generator AL o a N
/ Hi
. | |
et beam line =L 1132/ 777
(tubes surrounded by coils) \\“x-f‘ st

* Tungsten target is water cooled
e Tungsten mesh moderator

* slow positrons are guided outside the bunker using 8 mT solenoids and coils
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L. Liszkay

Positron measurement v ssquin s tatac

PLASTIC SCINTILLATOR

| )
] |

~n 28V
e” beam line exiting Vt.h.e buker first e* signals on Nov. 17
* slow positrons hit a target outside the bunker and produce 2 gammas of 511 keV
 gamma detection with Nal or plastic scintillator
* energy measured with retarding potential grid
e 3.710%e"/ pulse
e outgassing limited in 2017, ready to proceed to higher linac power

* energy spread 1.3 eV (std dev.) suitable for buffer gas trapping
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D. van der Werf

Positron trapping L Lisskey

» Buffer Gas Trap built & tested at Saclay

* High field Trap from RIKEN repaired (cryoheads)

e aligned in exp. zone

* being commissioned for trapping

.....
== |

7

reaction chamber ready for installation
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switchyard to
distribute p, H and H

free fall chamber

Ps excitation laser

23/01/2018

» 2SIk

. it Ti:Sa Amplifier

x
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Camera l

626mm LKB Paris-Jussieu

Laser source

Vacuum
vessel

Camera 2

Be* crystal

1.25 mm

Hollow crystal
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M ixed C rySta IS i ;Acll(:::midt-Kaler

fluorescent Be* crystal

Rabi-flops on axial COM mode of a mixed crystal :

>

Mainz —JGUM lab

23/01/2018

Ca* crystal with dark Be* ion

_ | Hig B 4
& I g0 Hy 1 opi o
o

I
0.4} I i IIIIII .

0 5 10 15 20 25
pulse time /us
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Detection

First plane of TOF counters operational
time resolution 80 ps

—> can distinguish particles going up from down, g —
i.e. annihilations occurring at top or bottom of <
free-fall vessel or cosmic rays -

Five double planes of MicroMegas chambers made

Increase of gap from 5 mm to 10 mm

Change gas mixture = Ar/CF4/lsobutane (96/2/2)

- better than 96 % efficiency per X/Y plane
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* final linac

e drift tube decelerator with 10 kV protons,
then ~100 keV H- from ELENA
* e*traps
* Psinreaction chamber
* Ps* [aser
* first p for physics (June-July?)
* antihydrogen beamin 2018 ?
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