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ASACUSA ltalia (per 2015)

cognome nome TIPO Ricercatori Tecnologi FTE
Artoni Maurizio assoc Prof.Associato 30
Bianconi Andrea assoc Prof.Associato 70
Corradini Maurizio assoc

Ferron Matteo asso Ricercator Univ. 50
Leali Marco assoc X 100
Lodi Rizzini Evandro  assoc

Mascagna Valerio Assegnista
Venturelli Luca assoc Prof. Associato 100

+ collaboratori Universita’ dell'Insubria-Como INFNi&ste

Attivita teorica (per 2015)
coghome nome TIPO Ricercatori Tecnologi FTE

Bianconi Andrea assoc Prof.Associato 30
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Attivita teorica

1) Fisica medica e ambientale : ricerca sugli effetti di lungo periodo da contaminazioni
interne di Diossido di Torio radioattivo ; ritrattamento dell’amianto

A.Bianconi, "Bonifiche e sistemi di smaltimento alternative alla discarica", invited talk relativo ai sistemi di
ritrattamento dell'amianto al convegno "Una vita in polvere" agli Spedali Civili di BS.

2) Fattori di forma time-like del protone, collaborazione con E.Tomasi-Gustafsson del CEA-
Saclay su esperimenti di annichillazione elettrone-positrone in p-pbar o viceversa. In
particolare sono stati rianalizzati alcuni dati dell'esperimento Babar.

A.Bianconi ed Egle Tomasi-Gustafsson, Periodic interference structures in the time-like proton form factor, Phys. Rev.
Lett. 114, 232301 (2015).

A.Bianconi ed Egle Tomasi-Gustafsson, Phenomenological analysis of near threshold periodic modulations of the
proton timelike form factor. Phys. Rev. C 93, 035201 (2016)

3) Deep Inelastic Scattering ed eventi Drell Yan (urto ad alta energia protone-antiprotone
oppure pione-protone, in entrambi i casi con produzione inclusive di una coppia elettrone-
positrone).

Invited talks a congressi (in particolare: A.Bianconi, "Adaptation of a generator to TMD analysis" al
convegno "TMDe2015", settembre 2015, ICTP Trieste.
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Wolo | Rwista________|CitINFN|Tot|Ralio|CVR/HiQ
ﬂ The development of the antinydrogen beam detector and the
detection ofthe antih._ JPHYS COMF SER, 635-, 022061 (2015) 0 3 28| 11%| 0%| NO
511D della pubblicazions: WOS:000366407 000092
ﬂ Scintillating bar detector for antiproton annihilations measurements | HYPERFINE INTERACT, 233-1-3, (2015) | O 7l 7l100%| 0% NO
IS0 della pubblicazions: WOS:0003607 70700009
ﬂ First measurement of the antiproton-nucleus annihilation cross
section at 125 ke HYFERFINE INTERACT, 234-1-3, (2015) | 1 TI[ 16| 44%| 0%| MNO
511D della pubblicazions: WOS:0003607 70800012
ﬂ Experimental access to Transition Distribution Amplitudes with the
PANDA experim.__ EUR PHYS J A, 51,107 (2015) 0ff 55535 10%| 0% NC
[S11D della pubblicazions: WOS:000360439700001

The ASACUSA CUSF: an antihydrogen H Hyperfine Interactio, - (2{115}“ DH 4”33“ 12%“12% Nuclear Physics ND‘
experiment
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ASACUSA

¥,
p— - l .
; - Ausltria - SMI Vienna
[ 3 - 2 :
» - Denmark - University of Aarhus

— Germany - Max-Flanck Institute for Quantum Optics

I'I'Ll- ¥

Hungary - KFKI Budapest, ATOMKI Debrecen Asakusa, Tokyo

E
BB tay - INFN Brescia
= Japan - University of Tokyo, RIKEN Saitama

:="‘|—:_: United Kingdom - University of Swansea, Queens University of Belfast

7 countries, 10 institutions, 40 researchers
Started in 1997 by merger of PS194, PS205, etc. collaborations.
Members active in CERN's antiproton programme since >20 years.
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. Antiproton Decelerator-AD @CERN

AD is the only source of low-energy antiprotons

All-in-one machine: antiproton capture , deceleration & cooling

T By @ Injection at 3.5 GeVi ¢ AD delivers to the experiments :
Eiﬂaaw{k—-ﬁ‘_‘t}urm i e .
& i e B - 2-4 107 antiprotons per bunch
( |053P@26 GeWcz) - . Exlmcti?qn (150'300 ns |ength)
_ s 0N - 1 bunch/ 100 s
5 ‘% - Energy =5.3 MeV (100 MeV/c)
El Deceleration and L‘-:
Fa?gm 01 GeV/c) Ez §§
6]
: e
I =
S
(3

Electron cooling
A0t eaoyeseoes | | || pCX

Experiments: - (2015) ALPHA, ATRAP, ASACUSA, AEqgIS, BASE
- ATHENA (ended), ACE (ended), GBAR (future)
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ASACUSA Experiments

Studies of CPT symmetry by atomic spectroscopy

1) « laser spectroscopy of antiprotonic helium :

— Antiproton mass 6 weeks

2) * Microwave spectroscopy of antihydrogen :
— Ground-state hyperfine structure

HIDAOGEN

Nuclear collisions with antiprotons

—

2 weeks

3) o total annihilation cross-section O.
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1. pHe laser spectroscopy
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Resonant laser or
e microwave beam

eF .
¥

He' Atormcule

. Forced annihilation
Atsmic/capture and detection

® 3-body atom made of antiproton, He, and electron.

* Survives for =10 microseconds.
* >| billion atoms synthesized per day.
* Amenable to high-precision laser and microwave spectroscopy.
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pHe laser spectroscopy contributes to mp/me
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‘ ASACUSA single photon (final)

p'te’ t—p— W A (40.35).5(39,34) p He' ;
oM A (39,35)-2(38,34) A S S— (38,34)-5(37,33)
- A (37,35)-2(38,34) = =N (36,34)=3(37,33)
A o N (3734903633 2006 A " e (36.33)-5(35,32)
36,34 33 : -
A R (35.33)-2(34,32) N A (3231)=(31,30)
—b—u (32.31)=(31,30)
e z———)
(Vih = Vexp ' Texp (PPB) Up to 70 ppb theory-exp discrepancies {(Veh ~Vexp ) Vexp (PPP)
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‘ ASACUSA single photon (final)

p He' —e— W A (40.35):(39,34) p He* :
|..§l A (39,35)-4(38,34) A ] e (38,34)-5(27,33)
- A (37,35)=2(38,34) —a (36,34)=2(37,33)
A o N (37393633 2006 A L (36,33)5(35,32)
"~
A B (35,33)=>(34,32) [ S— A (3231)=(31,30)
H_. (32.31)==(31,30) ! @
-50 0 ( i , -50 0
(Vih ~ Vexp ' "Texp (PPB) Upto 70 ppb theory-exp discrepancies {(Veh ~Voxp ' Vexp (PPP)
,54HE+ . iEr‘riHe+
| LB | [40,35) +(39,34)
—Q—.-I (39,35)+{38,34) | I~ { (38,34)—(37,32)
.-‘I"T." | $ 2 u
" il s 2015 "
g .35)—+(38, | (36,34 1—(37,33)
H—( (37 34)—(36,33) ~ 1 5K | : | (36,33)+(3532)
0 (34,33) f35 32)
o= (contributed to CODATA2014)
|_(’_‘. { [35,33) +(34,32) ,'. (34,32} (33 31)
.'—{:3—| (32 1,30) —&—. i} -(31,30)
15 -0 5 0 5 10 i 15 ' 10 5 0 5 10
| “Ih "'mtp I':TG!_D . ! Yib "exp £ "lt'.‘)'.f.l

Exp precision 1.3-5 higher; theory-exp agreement improved 5-10 x
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‘ASACUSA antiproton to electron mass ratio

® | Direct (Farnham 95)
e | 1205+ (Beier 02)
e P
——— 1607 (Verdd 04)
® 12C>* (Sturm 14)
—e | pHet 8 x 109 p
1 . 1 | L i | 3. | TR

0.152664 0.152666 0.152668 0.15267 0.152672 0.152674 0.152676

(Anti)proton-to-electron mass ratio -1836

To be published
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Two-photon signal intensity (a.u.)

2-photon experiment at 1.5 K

1-photon 2004

a

bl

2-photon 2009
Nature 2011

Laser induced annihilations [arb. u.]

0.007
0.006
0.005
0.004
0.003

0.002

0.001-

p*He (36,34)—(34,32)

I
[

i
1 2015

- Yk ko
1 4 S
ﬂI

' )
— IIII%%%EIE rIIIIEIIEF : I%Iﬁl{'%lﬂgl -

05 0 05
New frequency comb improved experimental stability

Leak in target—higher temperature
— slight deterioration of resolution

(will be fixed in 2016)
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‘ 2016: continuation of 2-photon exp at 1.5 K

piHe
(n,1)
(n,1)

P3He
(n,)=(30,29)->(29,28)

(36,34)—(34,32)
(31,30)->(30,29)

Goal: antiproton-to-electron mass ratio <3x10-1°
(<1 x 1019 at ELENA)
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Towards H Spectroscopy

Microwave Sextupole _
Cavity Magnet H Det

e Hbar production in 2010

e Hbar beam in 2012 (published in 2014)
e Lots of improvements during LS1

e H spectroscopy in 2014
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Why study antihydrogen?

Precise matter-antimatter comparison —> CPT test
e Measurement of the gravitational behavior of antimatter > WEP test

CPT

CPT invariance is inside the Standard Model

Assumptions: flat space-time, Lorentz-invariance, local interactions, unitarity, point-like particles

Consequences:
- particles/antiparticles: equal mass, lifetime; equal and oppositye charge and magnetic moment

- atoms/antiatoms: identical energy levels

Standard Model can be extended with CPT violation

CPT violation in Standard Model Extension

CPT Violating terms Indiana group, Kostelecky et al. (since 1997)

. t
(i7" Dy — m - ™ — buysy JLEHWUW +icu " DY + id sy DY b = 0

Lorentz Invariance Violating terms

a & b parameters have energy dimensions

No quantitative prediction
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Antihydrogen for CPT test

matter-antimatter precise comparison by means of spectroscopy

HYDROGEN MIDO0AAYH

direct experimental test
(no model is required)

P
— 3] —

\

N\
N

251."2 -::-_
[s-25 A i f:"'=
2 photon P —
= TARE nm 1

ofifi=107!4

ASACUSA —

Bohr Dirac Lamb HFS
ound state
hypeMgg splitting
f=1.4GR»
Aflf=10""2
Plans for antihydrogen:
! 4
- measurements: - Hyperfine splitting of - metho®s_ - Antihydrogen trapping

ground state
- Antihydrogen beam

- 1S-2S transition
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Method

2.0 e* p
> (anti)atomic beam 15 D ¥ owe
, 10 101 = ____ﬂ__ﬂ * f seekers
» measure o1 at several B’s, T
— 05 P - (F,M)=(1,0)
extrapolate to B = 0 R i
G = - il
» achievable precision s107° > a5t w\%
< 105y
fort <100 K E JEL““——H (F,M)={0,0) ¢ T high-fiele
e -1.5- e seekers
»>100H/sin1Sstateneeded &t = |4
0.00 0.02 0.04 0.06 0.08 0.1
B(D
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Antihydrogen GSHFS Spectroscopy in 2015

. transportation of 20 eV pPs to the double-cusp trap

. reconstruction of annihilation vertices with the

micromegas detector

_ synthesis of H atoms - formation rate ~15 %

H transport and detection

. 01 hyperfine frequency of ordinary H atoms measured to

<10 ppb
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\ Antihydrogen GSHFS Spectroscopy in 2015

| 5. 01 hyperfine frequency of ordinary H atoms measured to
<10 ppb
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‘Two accessible transitions, 01 & T+

- mp =0

01 - less sensitive 10 Bext

1 - more sensitive 10 Bex

& possible CPTV effects  _, mg = -1
mg=0
0 S50 100
Bext (mT)
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The hydrogen setup

Blle w = = superconducting quadrupole
sllegs] |€5 B | mass
A ] s sextupole
cl|€5| |28 spectrometer
S5l |58 Q!
o ﬁ =i U‘

atomic

hydrogen|

s0ourcc

Same as for Hbar
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hydrogen 0, measured

« Best beam value up to date

v = 1420.40573(5) MHz preliminary results:

Av v=1420.4057... MHz
— =35x10"8 "
v . statistical error ~3 Hz
Kusch, Phys. Rev. 100, 4, (1955) systematic error ~2 Hz

Maser experiments .
rel. precision: < 3 ppb

v = 1420.405751768(1) MHz

factor >10 better than Kusch et al.

— 7 x 1071

L/
Performed by E.Widmann group (SMI)

N.F. Ramsey et al., Quantum
Electrodynamics, World Scientific,

Singapore, 1990, p. 673 SOOn -I:O be DUb“Shed

precision 14 measurement planned in 2016
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1.

Antihydrogen GSHFS Spectroscopy in 2015

transportation of 20 eV ps to the double-cusp trap

Consuntivi 2015 Brescia INFN-Pavia 6 giugno 2016
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22Na Positron Source

Positron Accumulator

>

~i: \

2 Double sp Magnet
,._;____ "w, TEY

distance from the mixing position
A Cavity: +1840mm
Sextupole: +2628mm
H detetor: +3739mm

0\
[ ]
.

5 [m]
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Minimize energy deposition to the e* plasma

i 7 -

U y
i &

~ =

A Oubl
o

Consuntivi 2015 Brescia

“flupto 7 x 107

ets

ol g

sl

I I

P I docbod-oed--pod--f q--k-

________________________________

04
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~ optimizing p-extraction scheme

potential in the p catching trap

p trapping
p extraction

20 eV —

—

(d
2
.E 0,3
. 15m
£ .
%ﬁ.lﬁ -1 .9 m
i Z.1m
&l
| 1 TERE
0 Fi A0 W
T time [us]
tc) £
2 % 3f
E: E Antiproton E‘ -1 5 m
é—w_— cloud / ear
2 T £
ﬂ-ﬁﬂ_— \\ §az -1 9 m
o[-
: 21 m
100_—
200 50100 Ts0 ® ime o)
z [mm]
DC
pulsed transport
coil coil B
, MUSASHI Double
beamline superconducting i cusp
solenoid DC | MCP magnet
ransport | |
coil ! I
I
21 m |
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estimated
Ts ~ 1eV
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2.

Antihydrogen GSHFS Spectroscopy in 2015

reconstruction of annihilation vertices with the
micromegas detector

Consuntivi 2015 Brescia INFN-Pavia 6 giugno 2016
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'micromegas around the 2-cusp vacuum tube

reconstructed annihilation x-y vertices
with slow-extracted ps

Y [em]
g & . (1 o [ 4 an o
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time evolution of annihilation positions during p-e* mixing

a = W -I-‘-l.--r:=_ !-l-'ltln ..: E-:-:.lr- N
( ) g #-J}'ﬂ b = e T O T R %
—20 - — ¥l A5 E-'?l:“"F L .
i Fi .J\. N 4 B H n - :-r | =
0 : : ;
:XV_\_“\ ..-;.: "'\ ot —a0
0| N . -
p beam ad p oS- o -_m
-40
= ; . J 20
60f SN Sk
-4
r = 10
U4 —U_i -2 -Ul me-l . -_
Q 5 10 5 20 25 30 35 0 45 50
time [s]
(b) Os=t<ls ls<t=<2s 0s<t=<3s
5. nl 5 5 Al
] r “ 40 s 150 |‘I
Os<t<3e 30s<t<35s S 2 o
400 3 : o 12 ]
e R A i iE 58
i Y oEpE T,
|‘| 1 | i -
phlode, TP Pl e Dﬁ.. vl Ll I3 P Bnall FyT3 B I I g
60 40 20 0 20 40 &0 60 40 20 0 20 40 6D 60 40 20 0 20 40 60
z [em] z [cm] z [cm]
3s<t=10s 10s<t<=20s 205 <=t=40s
800,
Gy T & ol : T
2180 I L] i 2 600
= 5 ) 5 ]
5120 Y % 200 I - % 400 i
P mai i 100 Y 2o
; ; : i e ! H""*'.-h i i
R'Z d|3tr|bUt|DnS 0% 30 20 0 20 4 60 0% 40 20 0 2 40-[60] % 0 20 0 2 m[m]
z [em] z [cm z [cm
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Antihydrogen GSHFS Spectroscopy in 2015

3. synthesis of H atoms - formation rate ~15 %

Consuntivi 2015 Brescia INFN-Pavia 6 giugno 2016
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—
o

counts/s

with 20 eV ps - high H formation

(b) (c)
A0 L. o
o 8 o ]
—F l, scintillator Hars S = scintillator bars 5
2 8 8
300
= =8
&MWMWLW
= ]
= — |
s 150 eV Ps ..
10— 2 ™y
£ .; 60 eV ps
= ' | | T | | T B | | I B R A B S A | | '
20 40 [0 a0 100 140 160 )= +] I:b 20 A0 B0 B0 100 1.2 140 [+ 180
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rate in early times

scintillator bars
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—
]

counts/s

with 20 eV ps - high H formation rate in early times

scintillator bars

(b) (c)
A= n ey SO
= . & .. o
- l, scintillator Qars S = scintillator bars g
s 3 8 o
_,,:.:__
- & =0
- 5:
LH S I 250
- o8 00
150— — i
g 150 eV ps | =
100 = =
£ 60 eV ps o
2 r‘ﬂr"'”"vhﬂ 10 S0
: III III I I III III IIIII IIII 1 I I IIII I I 1 I I I 1
20 40 [ 8] ad 100 120 140 160 = 4] Cb 20 40 B0 =] CIII 120 140 [+ ¥] 180 ct
=] t 5]
v
e S A LS LIS RS LRSS LA RALLE RARRN
- micromegas -
25 -
ok
E 20 ]
Q -
= 15F on-wall annihilations
= C ' , o
2 10 l | on-axis annihilations
I b | '”'I | HIHI“ |'!I!I |
Sk ||| I
il " i ||”' il i .Jmli.i .
| L .
OO Dl CI._ D.’s CI4 L'I':: Dﬁ DT 0.8 III"J 1

Time [g]
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Fleld ionizer chamber between cusp & cavity

+8.7 KV —=17.4 kV/cm
—n >12 lonized
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- with 20 eV Ps - high H formation

rate in early times

(@) (b) (c)
s “F - g N g™ i
5 wmf l, scintillator Hars 5 scintillator bars s @ scintillator bars
E 150 eV ps i .
E . 60 eV ps "{“ 20 eV ps
g 1 1 1 ] | | 1 | ] | ] ] | | | | ?
20 I'1-IZII &0 IE.'JI 100 "20' I1'1-IZII ) IIEEI I I'Qﬂ Cb 20 4€JI ) II5|IZI B0 I"{II ) 120 II-‘-EI 60 I1EFIII ct =
t =] t [=]
\d
Elinanny T T BN LS RN MR R BARRN
- micromegas 1
E b : ~
e C ] . ..
-3 1 on-wall anninilations - The total n.umber of field-ionized
c R ] . N Hs ~ 390 (in 40 s)
ST l | | on-axis annihilations
w - | | | ” | I
|||||| ” |||| v || "||'|"“':a — T e o
b e L ST ||| i .J||||.,.,|. - p—H efficiency -16%

1 WM
% n.1 52 03 04 05 06 07 08 08 1
Time [g]

(assuming isotropic emission)
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Antihydrogen GSHFS Spectroscopy in 2015

4. H transport and detection

Consuntivi 2015 Brescia INFN-Pavia 6 giugno 2016
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H detector @ 3.7m (Solid angle ~0.004%)

BGO Multi-anode PMT

Amp. vit

- data vs Geant4

da

Counts / cycle

BGO calibrated with slow ps

10 it | 14
T ”':!..h', ' f
| m gl ,H|'|
- | I"
10'”;— T e N TR AT |...|.
0 20 40 60 80 100

Energy deposition [MeV]
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mim

-150F

100

100F

50

S0

cosmic vs H (p)

BGO energy deposit and hodoscope opening angle

0=9.999719 MeV, multihit= 2 ﬂ=255.5\ﬂ242 MeV, multihil= 3
. — \ s
o A N\
E Hit ;métiml : ;
W e 8,
L/ ,?’{ H )
&
3

L%
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H GSHFS Spectroscopy: 2015 summary

. H atom formation rate ~15 % with 300k ps at 20 eV
& 7x107 e+s

. H detection scheme perfected

. 01 hyperfine frequency of ordinary H atoms
measured to <10 ppb

. Currently, ~1 H detected / mixing cycle (~15 min)
x10 Hgs rate needed for spectroscopy

Consuntivi 2015 Brescia INFN-Pavia 6 giugno 2016 41



Next steps

Study and improve the beam features (Hbar rate, temperature, n-states,...

Perform the measurement

H (LFS)

H (HFS)

y = 21 em

, Microwave  Sextupole ‘o 4 __‘-*
CUSP trap Cavity Magnet  H detector T~ -

o -

Achievable resolution:
- better than 10 for T < 100 K
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Expectation

Rabi method )
\ H (LES)
!/ ." “é \ = ¢
I_) I,r' p W : '.::5_‘: xlll H (HFS)
e+ I'I,II \ \_/ 2 ;.- ﬂ_,_'!- IIII,'
-\/ 4 D

|
J Microwave  Sextupole

H formation ' {v
CUSP trap Cavity Magnet H detector

D=10 cm, v=1 km/s (100K)
1/T=10 kHz - linewidth resolution év (FWHM) = 0.8/T - dv /v =8x107°
- Resonance center resolution = 1077

Achievable resolution:
- better than 106 for T < 100 K

- 100 Hbar/s in 1S state needed (in 4 )—> event rate=1/min.
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Future improvements

1° improvement (Ramsey separated oscillatory fields):

Bl -
Ll 3 L

e
i T
—-I_ ‘Q:—':_::—i antihydrogen

detector

Linewidth reduced by D/L

Antihydrogen fountain:

-trapping and laser cooling
- Ramsey method with L=1m

Af ~3 Hz, Af/f ~ 2x107°
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ELENA decelerator:

5.3 MeV - 100 keV
X 100 pbars trapping efficiencies
4 experiments can run in parallel
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3. Collision experiments

Nuclear collisions with antiprotons

Consun tivi 2015 Brescia INFN-Pavia 6 giugno 2016
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Physics motivations

Some topics of interest:

e Cosmology: matter-antimatter asymmetry in the Universe

(One possibility is that antimatter is distributed non-homogeneously in the Universe within the so-called
“islands” of antimatter . In the border region between matter and antimatter, the role of annihilation is
important.)

e Search of resonances
e Determine the interaction parameters

* Probe the external region of nucleus

(both potential models and phenomenological analyses state that the annihilations occur in a thin region
placed just outside the nuclear volume: neutron/proton ratio or the extraction energy of the peripheral
nucleons can be determined)
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o [mb]

Existing data 2011

Antinucleon annihilation o on nuclei

n data In yellow

IﬁPb
= TSN
B ifh‘:'.g |; Pt -
B MCu Z
1 T
= X || t
. TTAl “i‘Snr
i o T ", E
Ne -
- ke T L g J[ )
" v Cu
Fﬁ-}i \ . # é‘;i KK
=" ¥y g 4
. P el TEeoxowa A
- - *%.,g OF
— .|. L & & @ o
o T qp -
|
= I. C0y G
b -{h” *He
'5::' ,ﬂn_:r "’_‘;\I;ﬁ-ll ’ E:}'
- m P ':..
W "§r

Some agreement with expectations
but some problems

o [MeV/cl
LAB

R T 2 T RV I A R RS e P R AL ~ giviygiie e



Some problems

1°) No resonance detected.

2°) “Inversion” (o,,,’s on light nuclei cross each other at 50 MeV/c)

3°) exp. 0,,,'S are too high compared to the expectations

At 300-400 MeV/c o, for pbar and nbar are similar (as expected) but
are higher than what expected from optical potential

4°) nbar o, looks like pbar o, also at very low energy

At very low energy it is expected:

Oann([_)A) >0 (ﬁA) due to the Coulomb attraction by nucleus

ann
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Some problems

1°) No resonance detected.

2°) “Inversion” (o,,,’s on light nuclei cross each other at 50 MeV/c)

3°) exp. 0,,,'S are too high compared to the expectations

At 300-400 MeV/c o, for pbar and nbar are similar (as expected) but
are higher what expected from optical potential

4°) nbar o, looks like pbar o, also at very low energy

At very low energy it is expected:
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nbar 0, looks like pbar o, atvery low energy-——

Only nbar data (from Astrua et al., NPA (2002))
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Highlighted by Friedman NPA 2014

Nbar and pbar data
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Calculations based on optical potential (Friedman) which fits well antiprotonic atoms

More antiproton data are needed for direct data-to-data comparisons
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New (2015) measurement of pbar o_,,
performed by ASACUSA
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time

Technique of the 0, measurement
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=— ‘ \1 2° ring to calibrate
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} /i beam counter
target 2° ring

0. IS Independent from detector efficiency
(same detector to count N,onts @aNd Nyeom)
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©= 600
L =1300

—»

Carbon targets: 700 nm, 1000 nm
radius =5 cm
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Target only
target '

annihilations on the target
clearly appear
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‘ P annihilation times

Target only
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antiproton 0, on carbon at 5.3 MeV

antinucleon reaction/annihilation cross section on carbon
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Preliminary measurement
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antinucleon reaction/annihilation cross section on nuclei
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Possible extension of the measurement
At 5.3 MeV (AD)

" Monte Carlo simulations show that o,

120

- Ni (400 nm
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measurements even with medium-heavy
targets are feasible at AD with the present o
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Signal (t<20 ns) well separated from BKG

 Also pbar nuclear elastic o could be measured (but more difficult)

At 0.1 MeV (AD-ELENA) oo
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Conclusions

Antiproton-C o,,, measurement at 5.3 MeV has been performed by
ASACUSA at the end of 2015

The result of a preliminary analysis shows a qualitatively agreement with
the existing (antineutron) data.

The final result is expected to be more precise and could be used as a
benchmark to understand the o, (E, A) at low energies.

The present technique can be used even with heavier targets (if the 5.3
MeV antiproton beam will be available ...)

Measurements at lower energies (0.1 MeV) will be possible with ELENA, as
already demonstrated by ASACUSA.
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Summary

In 2015, ASACUSA achieved:

-Transfer of 20 eV pbars to the mixing trap: pbar-to Hbar conversion=15%
- hidrogen GSHFS measured (<10 ppb)

- Finished data taking and analysis for single-photon laser spectroscopy of pHe,
cooled to ~1.5K.
- Started 2-photon spectroscopy of pHe at 1.5K

- Collected good data for p annihilation c measurement on carbon @5.3 MeV

»In 2016, ASACUSA plans to carry out

- towards H ground-state hyperfine spectroscopy

- Continuation of 2-photon spectroscopy of pHe at 1.5K
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