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B LUNA: WHY GOING UNDERGROUND TO MEASURE
NUCLEAR FUSION REACTIONS IN A LABORATORY ?

B THE LUNA 400 KV ACCELERATOR

@ THE SUN: P-P CHAIN, CNO CYCLE AND SOLAR
NEUTRINOS

B NUCLEOSYNTHESIS AT WORK: 25AL
® HoT ENVIRONMENT: BBN AND NOVAE

B TARGET PREPARATION AND ANALYSIS: A TOUGH JOB

B THE LUNA-MV PROJECT: A BIG STEP FORWARD



NUCLEOSYNTHESIS
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RELATIVE PROBABILITY
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DISTRIBUTION
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ENERGY AND SYNTHESIZE ELEMENTS TAKE
PLACE INSIDE THE STARS IN A RELATIVELY
NARROW ENERGY WINDOW: THE GAMOW
PEAK

GAMOW PEAK

TUNNELING
THROUGH

COULOMB BARRIER
cexp (=V EG/E)

GAMOW ENERGY FOR H-BURNING REACTIONS:
FEW TO SEVERAL TENS KEV

N

A £ ENERGY
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IN THE SUN: T =1.5-107 K
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EXTRAPOLATION RISKS

EXTRAPOLATION DOWN TO
ASTROPHYSICAL ENERGIES IS

NEEDED BUT ...
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MEASUREMENTS
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SOMETIMES EXTRAPOLATION FAILS!



THE CROSS SECTION VARIES STRONGLY WITH ENERGY
M PRECISE BEAM ENERGY
M HIGH PURITY AND STABLE TARGETS

AND IT’S VERY SMALL AT LOW ENERGIES

SETUP EFFICIENCY

How TO IMPROVE NATURAL BACKGROUND

(CosMIC RADIATION,

SIGNAL TO NOISE RATIO RADIOACTIVE ISOTOPES)

BEAM INDUCED
BACKGROUND

DIRECT CROSS SECTION MEASUREMENTS FEASIBLE WITH
REDUCED COSMIC-RAY INDUCED BACKGROUND

N

UNDERGROUND MEASUREMENTS
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WHY GOING
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MUONS: 1 /(M2H), E > 1 TEV

NEUTRONS: 4 X 10® cM2s-! WITH FISSION AND (O,N)



Laboratori Nazionali del Gran Sasso

=

1400 M ROCK OVERBURDEN
FLUX ATTENUATION: N 103

M. 10°
UNDERGROUND AREA 18000 M2

SUPPORT FACILITIES ON THE
SURFACE



Laboratori Nazionali del Gran Sasso
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LUNA I

BEAMS = P, A

CURRENT MAX = 1 MA

VOLTAGE RANGE = 1 - 50 KV

BEAM ENERGY SPREAD: 20 EV

LONG TERM STABILITY (8 H): 104 EV

LUNA Il

COCKCROFT-WALTON ACCELERATOR
BEAMS = P, A
CURRENT MAX = 500 WA (PROTONS)
250 WA (ALPHAS)
VOLTAGE RANGE = 50 - 400 KV
ABSOLUTE ENERGY ERROR: £300 EV
BEAM ENERGY SPREAD < 100 EV
LONG TERM STABILITY (1H): 5 EV



MEASUREMENTS AT LUNA |

SHE + 3HE — 4HE + 2P

% POSSIBLE SOLUTION OF THE SOLAR
NEUTRINO PROBLEM

% CROSS SECTION MEASURED DIRECTLY
AT GAMOW ENERGIES

COUNT RATE @ LOWEST ENERGY: 2 CTS/MONTH
LOWEST CROSS SECTION: O0.02 PBARN
BACKGROUND < 4*102 cTS/DAY IN ROI
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R. BONETTI ET AL., PRL 82 (1999) 26

NO EXTRAPOLATION NEEDED !



S(E) [keV b]

o
P

MEASUREMENTS

SHE + “HE — BE + Y

% KEY REACTION IN THE P-P CHAIN FOR “BE

E 8B NEUTRINOS IN THE SUN
%k FUNDAMENTAL FOR LI IN BBN

Xk GAMMA-PROMPT AND ACTIVATION METHOD
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S3.4(0) = 0.560(17) KEV B

F. CONFORTOLA ET AL., PRC 75 (2007) 065803

AT LUNA II
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A. CAcCIOLLI ET AL., EPJA 39 (2009) 179

MEASURED BACKGROUND ATTENUATION FACTOR
FOR THE 3HE(0,Y)’BE SETUP IS ~ 1075 II!
(I.E. 1.9 AND 0.8 COUNTS/DAY WITH AE = 20 KEV)

UNCERTAINTIES ON THE
NEUTRINO FLUXES

dv(eB) -> FROM 12% TO 10%
dv(’BE) -> FROM 9.4% TO 5.5%



S factor [keV bamn)

CNO CYCLE
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TARGET ANALYSIS

1SN ENRICHED TIN TARGET:
REACTIVE SPUTTERING

RESONANCE PROFILE SCANS:
9 DEPTH PROFILE
9®NITROGEN CONCENTRATION

NARROW RESONANCE REQUIRED

BEAM CURRENT: 1-5 UA
Er = 426 — 460 KEV
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TOTAL INTEGRATED CHARGE FROM 6 TO 36 C
NO SIGNIFICANT DETERIORATION AFTER 10 C



TARGETS ARE MADE OXIDISING THE TANTALUM BACKING. TAOs ENRICHED
IN 'O UP TO 70% ARE MADE DIRECTLY IN THE CHEMISTRY LAB OF THE
NATIONAL LABORATORIES OF GRAN SASSO.

A SMALL PERCENTAGE OF '80 |s INCLUDED IN THE SOLUTION (5%) IN
ORDER TO CHECK THE TARGET CONDITIONS BY USING THE WELL KNOWN

151 KEV RESONANCE OF THE '80(P,Y)!°F REACTION.

THE TARGET HAS BEEN ANALYSED BY USING RUTHERFORD

BACKSCATTERING AND SIMS

STOICHIOMETRY AND ISOTOPIC RATIO.
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SIMS TECHNIQUE
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IN ORDER TO CHARACTERISE THE
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RESONANCE SCAN ON CONTAMINANT

NO SIGNIFICANT TARGET DETERIORATION OBSERVED BEFORE 20C IRRADIATED CHARGE



D(O,Y)®L1I REACTION

WHY IS IT IMPORTANT ? HOW MUCH DO WE KNOW ABOUT IT ?

- D(O,Y)®LI IS THE MAIN REACTION FOR °LI PRODUCTION

- IN BBN, THIS REACTION OCCURS AT ENERGIES IN THE RANGE 50 < Ecy < 400 KEV

- NO DIRECT MEASUREMENT EXISTS AT Ecy < 650 KEV (ELas < 1950 KEV)

~ THEORETICAL CALCULATIONS FOR THE ASTROPHYSICAL S-FACTOR DIFFER BY MORE

S factor (MeV barn)

THAN ONE ORDER OF MAGNITUDE

LUNA DIRECT MEASUREMENT AT Ecy < 133 KEV

Xk SEE TALK BY DAVIDE TREZZI
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OTHER MEASUREMENTS

% '"70(P,00)'*N CNO CYCLE OF

CNO Cycle
HYDROGEN BURNING STARS
% NEVER MEASURED FOR AGB 5 TR |.J10) P . ) IR
0 F
STARS (T = 0.03 + 0.1 GK)

%k DATA TAKING FOR 71 KEV =
AND 193 KEV RESONANCES <
COMPLETED I I1 I11 v

12¢ 15N 150 180
* 22NE(P,Y)23NA NENA CYCLE OF C.G. BRUNO ET AL., EUR. PHYS. J A 51 (2015) 94
HYDROGEN BURNING STARS
458 9252 1/2’_'
% NEW RESONANCES DETECTED i | —
%k BGO MEASUREMENT IN PROGRESS T — o SEE TALK BY FEDERICO FERRARO
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F. CAVANNA ET AL., EUR. PHYS. J. A 50 (2014) 179 AND F. CAVANNA ET AL., SUBMITTED TO PRL

% 80(P,a)'SN COMPLETED, '80(P,Y)'°F AND 23NA(P,Y)?* MG MEASUREMENT IN PROGRESS



13C(0,N)"®O — NEUTRON SOURCE (LUNA MV)

'2C(P,Y)'>N AND '*C(P,Y)'"*N — RELATIVE ABUNDANCE
OF '2C-'3C IN THE DEEPEST LAYERS OF H-RICH
ENVELOPES OF ANY STAR

“H(P,Y)?HE — 2H PRODUCTION IN BBN

22ZNE(0,Y)?° MG — COMPETES WITH 22NE(0,N)2°MG
NEUTRON SOURCE (LUNA MV)

°Li(P,Y)’BE — IMPROVES THE KNOWLEDGE OF
SHE(Q,Y)”BE KEY REACTION OF P-P CHAIN (LUNA MV)

A BRIDGE TOWARD THE LUNA - MV ACCELERATOR



S-FACTOR [MeV barn]

13C(A,N)'°C @LUNA400

LUNA400 range
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GAMOW PEAK IN AGB STARS ( TR 90 -100 MK): 180 — 200 KEV

BIG UNCERTAINTIES IN THE R-MATRIX EXTRAPOLATIONS DUE
TO SUBTHRESHOLD RESONANCES

ON BEAM RLUNA400 AT MID 2017, EXPECTED 9 MONTH BEAM TIME



A NEW ACCELERATOR UNDERGROUND

LIMITS OF A 400 KV ACCELERATOR

0O SOLAR FUSION REACTIONS
O STELLAR HELIUM AND CARBON BURNING
O NEUTRON SOURCES FOR ASTROPHYSICAL S-PROCESSES

-

A NEW, HIGHER ENERGY UNDERGROUND ACCELERATOR
IS NEEDED !

PROPOSED SOLUTIONS:

LUNA-MV AT GRAN SASSO NATIONAL LABORATORY (ITALY)
CANFRANC (SPAIN)
FELSENKELLER (GERMANY) <-- SHALLOW UNDERGROUND

CASPAR (UNITED STATES)

JUNA - JINPING UNDERGROUND LABORATORY FOR NUCLEAR
ASTROPHYSICS (CHINA)

SOUTH AMERICA



LUNA - MV PROJECT

APRIL 2007: A LETTER OF INTENT (LOI) WAS PRESENTED TO THE LNGS SCIENTIFIC
COMMITTEE (SC) CONTAINING KEY REACTIONS OF THE HE BURNING AND NEUTRON
SOURCES FOR THE S-PROCESS

IZC(OC,'Y)IGO
13C(0,N)'®O AND 22NE(O,N)?°MG
(0,Y) REACTIONS ON '41°N AND 80

SHE(O,Y)”BE ON A WIDE ENERGY RANGE
12C +12C (ADDED RECENTLY)

THESE REACTIONS ARE RELEVANT AT HIGHER TEMPERATURES (LARGER ENERGIES)
THAN REACTIONS BELONGING TO THE HYDROGEN-BURNING STUDIED SO FAR AT LUNA

-

SINGLE ENDED 3.5 MV POSITIVE ION ACCELERATOR



STELLAR HELIUM BURNING: '2C(0,Y)'°0O

Helium-4
@ Energy
'2C/'°O ABUNDANCE RATIO \ /
Helium-4
SUBSEQUENT STELLAR EVOLUTION $—%

AND NUCLEOSYNTHESIS

COMPOSITION OF WHITE DWARFS

MECHANISM OF SUPERNOVAE Oxygen-16 R

10000 3A = '2C AND '2C(0,Yy)'°O
1000 1
100 b CREATION AND DESTRUCTION OF '2C
10 r
L
= 0.1 .-
= oo} EVEN WITH
> e Eo ~ 300 KEV, O(Eo) ~ 108 NB ACCURATE MEASUREMENTS AT LOW
1E4 | AND HIGH ENERGY
1E-5 |
Bl o s s
00 05 10 15 20 25 30 35 40 45 50 EXTRAPOLATION TO EO ARE NEEDED

E_ [MeV]




DATA RELEVANT TO '2C(0,Y)'°O

COMPLEX LEVEL SCHEME
+ SEVERAL 1- AND 2* RESONANCES

+ SUB-THRESHOLD RESONANCES DOMINATE
THE S-FACTOR AT LOW ENERGY

4+ CASCADE TRANSITIONS
4+ DIRECT CAPTURE




DATA RELEVANT TO '2C(0,Y)'°O

COMPLEX LEVEL SCHEME ¢

+ SEVERAL 1 AND 2* RES&@‘ANCES

4+ SUB-THRESHOLD RE%qu CES DOMINATE
THE S-FACTOR AT ENERGY

+ CASCADE TRA[\%?Q@O

+ DIRECT CAP{QRE

oy <




DATA RELEVANT TO '2C(0,Y)'°0O

COMPLEX LEVEL SCHEME ¢

+ SEVERAL 1 AND 2* RES@QANCES

+ SUB-THRESHOLD RE?#A CES DOMINATE
THE S-FACTOR AT ENERGY

+ CASCADE TRA]\@QI\QO

+ DIRECT CAP{@RE

2y <

EXPERIMENTAL DATA NEEDED

12C(0,Y)'°O CROSS SECTION DATA

+ GROUND AND EXCITED STATES OF 10O
4+ WIDE RANGE OF ENERGIES

12C(0,1)'2C ELASTIC SCATTERING DATA
16N B-DELAYED A SPECTRUM

BOUND-STATE SPECTROSCOPY (Ex, Iy, ...)
TRANSFER REACTIONS




DATA RELEVANT TO '2C(0,Y)'°O

COMPLEX LEVEL SCHEME ¢

+ SEVERAL 1 AND 2* RES@QANCES

4+ SUB-THRESHOLD RE?#A CES DOMINATE
THE S-FACTOR AT ENERGY

+ CASCADE TRAl\’lééé)él\éo

+ DIRECT CAP{QRE

oy <

EXPERIMENTAL DATA NEEDED

12C(0,Y)'°O CROSS SECTION DATA

+ GROUND AND EXCITED STATES OF 10O
4+ WIDE RANGE OF ENERGIES

12C(0,1)'2C ELASTIC SCATTERING DATA
16N B-DELAYED A SPECTRUM

BOUND-STATE SPECTROSCOPY (Ex, Iy, ...)
TRANSFER REACTIONS

TO OBTAIN THE S-FACTOR WITH AN
UNCERTAINTY < 10%



A MODERN EXPERIMENT
(STUTTGART GROUP)

R.KUNZ AND M.FEY PHD THESIS ION BEAM
| ' INTENSITY 500 UA HE*
STABILITY
BEAM INDUCED BACKGROUND

EUROGAM DETECTORS

EFFICIENCY
BACKGROUND SUPPRESSION

GRANULARITY
GANDI TARGETS

ANGULAR DISTRIBUTION ISOTOPE SEPARATION
DENSITY ~ 2:-10'8 ATOMS/CM?Z

PURITY ('2C/'3C ~ 105)
OMOGENEITY
STANDING TIME

BUT ALSO: CALTECH, QUEENS UNIV., RUB BOCHUM,
FZ KARLSRUHE, AND OTHERS == ~ 12 DATA SETS



A MODERN EXPERIMENT
(SOME RESULTS)

I L) T L] Ll ' L] L) 1 T | T L] I 1 1 I ] 1 ]
o EUuroGAM-Array SE1(300keV) = 77 (17) keVb
101 F @ Drehtisch
X Kunz et al.

SE1 (MeVb)
.:IL
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Hedl

M.FEY PHD THEsSIs 2004



30
20
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A MODERN EXPERIMENT
(SOME RESULTS)

|
o EUuroGAM-Array
® Drehtisch
X Kunz et al.

Sp1(300keV)= 77 (17) keVb

Y = 90°

Ecv = 2.343 MEV

10.0

M.FEY PHD THEsSIs 2004



A MODERN EXPERIMENT
(SOME RESULTS)

— — —— 7
o EUuroGAM-Array SE1(300keV) = 77 (17) keVb
101 F @ Drehtisch

X Kaihz énal.

Sr1 (MeVDb)

Urilinn

lO | | | | ?| | | | Il‘) _ Ig()O
_ P Ecy = 0.891 MEV
EMMMMMMMM b 1

7.5

LIMITATION FROM
BEAM INDUCED OR NATURAL
BACKGROUND ?

F
?%
(3]

M.FEY PHD THEsSIs 2004



A MODERN EXPERIMENT
(SOME RESULTS)

Ecv = 1.202 MEV
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A MODERN EXPERIMENT
(SOME RESULTS)

Ecv = 1.202 MEV
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MEASUREMENTS AT LOW ENERGIES ARE VERY DIFFICULT !!



A NEW MEASUREMENT

(WISH LIST)

% BEAM CURRENT lggam ~ 1 MA (PULSED ?)
* ULTRACLEAN VACUUM < 108 MBAR

* BIB MONITORS (NEUTRON AND HIGH
RESOLUTION I')

% DETECTION EFFICIENCY 100 TIMES
HIGHER (HPGE OR SCINTILLATOR BALL
+ GE MONITOR)

* IMPROVED TARGETS 13C/'2C < 10°

* BETTER R-MATRIX AND/OR FITTING
CODES



A DEDICATED EXPERIMENT TO STUDY '2C TARGET WITH A ISOTOPIC RATIO
12C/13C ABOVE 10° TO BE USED AT LUNA-MV TO STUDY THE '2C(q,Y)'°O
REACTION

p,*He,d
12C/
CN VAN DE GRAAF ACCELERATOR
TERMINAL ~ 7 MV
BEAMS: H,2H,34HE
CONTINUOUS AND PULSED BEAM LARGE VOLUME LABR3z DETECTORS: 3”’X3” + 3.5”X6”
7 CHANNELS FOR: N S

—e Y

i

IBA, NUCLEAR ASTROPHYSICS, ... N

IoN BEAM ANALYSIS WITH CHARGED PARTICLE AND
GAMMA DETECTORS IS USED TO CHARACTERISE THE
TARGET PRODUCED AT SIDONIE. PRELIMINARY TESTS
REACH A SENSITIVITY OF 10° FOR THE '2C/'3C
ISOTOPIC RATIO

A SAMPLES ANALYSIS IS PLANNED FOR LATE 2014




Neutron production rate [1/s]

1E+04

1E+03 +
1E+02 +
1E+01 £
1E+00 +
1E01 ¢
1E02 ¢
1E03 ¢

m
=3
=

1E05

1E06 t t t t + t + t t t t t
025 05 075 1 125 15 175 2 225 25 275 3 325 35

LUNA - MV PROJECT

* Inavery low
background
environment such as
LNGS, it is
mandatory not to
increase the
neutron flux above
its average value

l3c(a, n)160

a beam intensity: 200 yA
Target: 13C, 2 10Yat/cm? (99%
13C enriched)
Beam energy(lab) < 0.8 MeV

*Ne(ot,n)> Mg

a beam intensity: 200 yA
Target: 22Ne, 1 10'8at/cm?
Beam energy(lab) < 1.0 MeV

Maximum neutron
energy (lab): 3.02 MeV

Maximum neutron
energy (lab): 5.6 MeV

Maximum neutron
energy (lab): 0.45 MeV

BC(a,n)°0 from
— *Ne(a,n)’Mg
R ISC(a, n)lGO

llc(a, y)lGO

Beam energy (lab) [MeV]

13C(0(, n)160

W‘——"—

6534

9750

Box
Controllo e
Manutenzione

4074 O 7

9750 [ B RN ‘
Schermatura | I Il

from 12C(0{, 7/)160

5000

a beam intensity: 200 pA
Target: 13C, 1 10'8at/cm? (13C/12C = 10-5)
Beam energy(lab) < 3.5 MeV

T ——

*  Maximum neutron production
rate : 2000 n/s

* Maximum neutron energy
(lab) : 5.6 MeV

THE ESTIMATED N-FLUX (FLUKA & GEANT 4
SIMULATIONS) WILL INCREASE LESS THAN
1% OF THE LNGS NATURAL FLUX !

|



Neutron production rate [1/s]

LUNA - MV PROJECT
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* Inavery low
background
environment such as
LNGS, it is
mandatory not to
increase the
neutron flux above
its average value

Box
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Manutenzione

oo

“C(a,n)°0  Ne(et, n)*Mg " Q @ @.)°0 somman 4R LS v

a beam intensity: 200 pA a beam intensity: 200 pA a bea ‘ 5000
Target: 13C, 2 107at/cm? (99% Target: 22Ne, 1 101*3c1‘r/cm2 Target: 13 cm (13¢/12C = 10°9)
e

13¢ enriched) Beam ener'gy(lab) <10 eam gy(lab) < 3.5 MeV . [ — ﬂ
Beam energy(lab) < 0.8 MeV

1E+04
1E403 4 M R, o SN
1E+02 £ .
1E401 © oy (DI
1E+00 + Maximl(llmbr;e;:r;:nv )’ ® Maximum neu.‘-r'on prOdUCTion
L energy (lab): 0. e
= » gf.r N rate : 2000 n/s
s | A *  Maximum neutron energy
1E04 | — %C(a,n)0 (IClb) : 5.6 MeV
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Beam energy (lab) [MeV]

THE ESTIMATED N-FLUX (FLUKA & GEANT 4
SIMULATIONS) WILL INCREASE LESS THAN
1% OF THE LNGS NATURAL FLUX !




LUNA - MV (APPROVED 2016)
UTERMlNAL = 350 - 3500 KV

AE = 0.7 KEV LUNA - MV (APPROVED 2014)

BEA.\MS: H*, 4HE,, 12C*+* & BEAMS: H*, 4HE
‘ , S~

e

Urerminar < 50 KV

LUNA II (2000 - &)
Uterminar = 50 - 400 KV
Imax ~ BO0O WA (ON TARGET)
AE = 0.07 KEV

BEAMS: H*, 4HE, (°®HE)

\

"

HAELE G SOUTH SIDE)

HALL B (NORTH SIDE)
MORE DEFINITELY ASSESSED IN EARLY 2016




LUNA-MV: NEW BUILDING IN HALL C
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THE CONSTRUCTION DESIGN OF THE LUNA-MV BUILDING WILL START IN JANUARY

2016 ONCE FIXED THE SHIELDING

A WORKING GROUP COORDINATED BY M. JUNKER STARTED THE ANALYSIS OF THE
TECHNICAL REQUIREMENTS RELATED TO THE USE OF THE ACCELERATOR AND THE
SCIENTIFIC EQUIPMENT (POWER, COOLING, CONDITIONING, ...)




LUNA-MV: NEW BUILDING IN HALL C

S. GAZZANA, LUNA GENERAL MEETING, JULY 2015

IN HALL B, THE CONTROL ROOM WILL BE WIDENED TO 50 M2. CONCRETE
SHIELDING 80 CM ARE ENOUGH TO HAVE A NEUTRON FLOW OUTSIDE THE
LUNA-MV BUILDING = 10® N /(CcM2 s)



LUNA-MV: NEUTRON SHIELDING

CALCULATION PRESENTLY UNDERWAY AT THE
CONCRETE SHIELDING HAS BEEN INFN CENTRAL RADIOPROTECTION SERVICE
PERFORMED BY GEANTA4

(LNF-ISMEL, DR. A. ESPOSITO)
En = 5.6 MEV, 2 1032 N/s, ISOTROPIC

D. TREZZI THE VALIDATION WILL LEAD TO THE FINAL
(POSSIBLY REFINED) DESIGN OF THE

porte cemento
pavimento cemento

a il

pareti cemento SHIELDING CONCEPT
* 4700 - n
1000 * A B ﬂ;
g {
g bl
. Y p— ¥ !
h 1000 s‘m;»'e"oo 1000 c < = : D ~';4ﬂ> <400->
| g
g | ,
(Pr)ov = 1.422 10° n cm™? st 2l 18 YOl ;
3.22 108 NEUTRON STORIES .~ - T
SEVERAL WEEKS CPU TIME T ! I




ITALIAN RESEARCH MINISTRY FINANCED THE LUNA-MV PROJECT WITH
2.8 M€ IN 2012 + 2.5 M€ IN 2013

TIME SCHEDULE (RECENTLY UPDATED):

APRIL 2014 REQUESTED 3.5 M€ TO START TENDER FOR THE
ACCELERATOR AND INFRASTRUCTURE. OK FROM LNGS DIRECTOR

MAY 2014 ACCELERATOR SPECIFICATIONS PRESENTED TO INFN - MAC.
POSITIVE REACTION FROM REFEREES

SITE PREPARATION: 12 MONTHS FROM DECEMBER 2016 REQUIRED FOR
OPERA DECOMMISSIONING

LEGAL PERMISSION TO OPERATE: 12-18 MONTHS

ACCELERATOR WORKING IN HALL C AFTER 39 MONTHS
FROM TENDER BEGIN



LUNA - MV PROJECT
TIMELINE

2014 2015 2016 2017 2018
6

2 s Jwelaafazlslals]sls wlaafizlal2l3lsls )6 alelolmwlaafaalalalalsls e ol ofe]an]i
Dismounting [ according schedule)
Opera

Floor Preparation
IR > Shielding optimization concluded (updated)

Engineering (updated)
_ Espletamento gara
ﬁConnissioning

Engineering
Control roon Espletamento gara
Building commissioning

Risk analysis concluded

Engineering
Plants Espletamento gara
Plants commissioning
Preparation of Tender (done)
Contracting office
Offer Preparation
LUNA MV -
Accslerater kvaluatlon of offers

Contracting office

Production incl commissioning at Supplier

on site connissionino NN

Authorization .zequest for authorization subnitted




LUNA AND THE OTHERS

Background Accelerator Beam Program Expected Note
intensity start

LUNA We know it LUNA 400 ~300 pnA  BC(a,n) et 2017 Solid target
al.,

JUNA ~ 2 OoM 400 kV — ECR 10 mA Mg(p,y) Mid2016 Gas target +
better BC(a,n) 2019 SHe tubes in
2C(a,y) lig. Scint.
CASPAR ~LUNA Old 1 MV 150 pA ™N(p,y)? Mid2016 Gas target +
BC(a,n) ? SHe tubes
22Ne(a,n) ?
LUNAMV  Weknowit 3.5MV+ECR 1 mA 4N(p,y) 2019
BC(a,n) ?
22Ne(o,n) ?
2C(a,y) ?
12C 4 12C 9

WITH THE NEXT YEAR LUNA WILL BE NO MORE ALONE !




THE LUNA COLLABORATION

A. Best, A. Boeltzig*, G6.F. Ciani*, A. Formicola, S. Gazzana, I. Kochanek, M. Junker, L. Leonzi | INFN LNGS /*GSSI, Italy
D. Bemmerer, M. Takacs, T. Szucs | HZDR Dresden, Germany

C. Broggini, A. Caciolli, R. Depalo, P. Marigo, R. Menegazzo, D. Piatti | Universita di Padova and INFN Padova, Italy

C. Gustavino | INFN Romal, Italy

Z. Elekes, Zs. Fiilop, Gy. Gyurky] MTA-ATOMKI Debrecen, Hungary

M. Lugaro | Monarch University Budapest, Hungary

O. Straniero | INAF Osservatorio Astronomico di Collurania, Teramo, Italy

F. Cavanna, P. Corvisiero, F. Ferraro, P. Prati, S. Zavatarelli | Universita di Genova and INFN Genova, Italy

A. Guglielmetti, D. Trezzi | Universita di Milano and INFN Milano, Italy

A. Di Leva, 6. Imbriani, | Universita di Napoli and INFN Napoli, Italy

6. Gervino | Universita di Torino and INFN Torino, Italy

M. Aliotta, C. Bruno, T. Davinson | University of Edinburgh, United Kingdom

6. D'Erasmo, E.M. Fiore, V. Mossa, F. Pantaleo, V. Paticchio, R. Perrino, L. Schiavulli, A. Valentini| Universita di Bari and INFN Bari, Italy

NEW COLLABORATORS ARE WELCOME!




BETWEEN END OF NOVEMBER - BEGINNING OF
DECEMBER 2016 WE'LL ORGANIZE A 2-DAY
WORKSHOP BOTH TO CELEBRATE THE SILVER-MOON
(PART LIKELY OPEN TO THE PUBLIC AND TO THE
MEDIA) AND TO ANNOUNCE THE STARTING OF THE
LUNA-MV SCIENTIFIC PROGRAM (MAINLY RESERVED
TO SCIENTISTS). THE EXACT DATE WILL BE FIXED
SOON WITH THE INFN MANAGEMENT.

MORE DETAILS WILL COME SOON ...
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