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UHECR Observatories



Observation of UHECRSs

Extended Air Shower (EAS)
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Pierre Auger Observatory map
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Pierre Auger Observatory [aug15, augd]

g = e . -Ss_ L R e e T -~
N |5 ‘ VIinas ~ 1 oMA AMARILLA gt TG o e Salinas:’ " ,/
e .. Y& El Sosngames '» o T ~a del gl
~N \ ) » 9% ook ipodopse ~GE -
NS POO 00O fs r) » » .'Oh’lr/ ante ~—Sa/mas
L A ‘0’ ~_Log* P .‘o- FRp ol s Carbdnvo o "D:amam
o o500 0000 Y .

1o & : Ay ® Va. Vpramega
lor8e2Sur, s Y/ YN oD X (Clubdepesu&n Ratae),
\ D A oo.o':. A\ -

v £ &2.,.. : V_// -3
L z' OO0 i £ :
‘1(}4- . = S o

wita @u.o ) DOrS s N
intada Co:huec % bl ”' soopssvesyombalse }
X / Norte/3 ' e T
=~ El Nihuil '
/ '\ ® o .‘z.
- v
10 00 0000 v
K. .fl/mh“ °0 o0 )
v ® 9 st Jw i
: ‘ ; AT 1 78 TR Ea. L
N ¥ £ X v, o8] \ .7 \\\T\r:nmc
‘/'/, 30 'L"“A:\S
; - \ =GO KO- TRINTRICA
,., ElChacay * L&l i [ 2 b,i“" vesallll &
! Che
bl 'Y OO Y00 " [ T \4
& A E ¥ " y 32 =
SRHEN z co
M l s \ X000 o5 s 0Id0 0P : ‘{V::if; COLORADG
» 00k ) - o
a’argue s : ‘W“ Pro. Ortiz o a8
o2 4,,_ Yy 8850 ...'o = AT ‘; é El Salitral-Pto.
Mo,m,,' \ LN A I o "-il- irgen del Carmen
\ Harinero, SN Malarg?® ..l" T nie ‘d:’» PRI

The Pampa Amarilla site (35.1°-35.5" §, 69.0°-
69.6° W and 1300-1400 m asl) lies in the south of
the Province of Mendoza. Argentina, close to
Malargiie (pop. 18000) and 180 km south west of
San Rafacl (pop. 100000). It encompasses an area
of 3100 km? (see Fig. 1a).
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Telescope Array
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cated in the desert about 1400 m above sea level

- and 112.9°W in Millard County, Utah, USA, about

of Salt Lake City. A control center to support



Pierre Auger Observatory

3,000 km?2 (~60kmd)

1,600 water Cherenkov detectors (SD)
in a polyethylene tank

mean distance 1.5 km on triangular grid
~0.5 SD / km?

High-purity water
in three-layers of polyolefin liner
(140+28+178um)

10 m2area x 1.2 m depth

Three PMT’s

Hamamatsu R5921 8” ¢
or

Photonis XP1802 9”d
FADC 40 MHz

Time recording calibrated by GPS.
(0=7.24 ns)

100% running efficiency measured from 2004,,

Surface Detectors (SDs) [aug04]

~—e

(2) A photograph of an EA water tank; (b) schematic view of an EA tank; (¢) the Yag antenna and the solar power array.



Telescope Array
Surface Detectors (SDs)
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700 km? (~30kmd)

Communication
J Tower

507 plastic scintillation counter of 3m2x1.2cmx2 layers

mean distance 1.2 km on square grid
~0.7 SD / km?
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Pierre Auger Observatory
(Fluorescence Detectors) FDs Al
24 fluorescence detector telescopes at 4 sites

with spherical mirror (3.5mx3. Sm) 30° azimuthx28.6° elevation field of view per telescope
and (440) PMT camera

UV light 310-390 nm
fluorescence from nitrogen excited by air shower

Continuous digitization by 10MHz 12 bit ADC

100 Hz recording using sum trigger and
threshold (20usec)

Calibrated by YAG-laser (355nm) from

CLF and XLF

~15% running efficiency Tweso  Typed 1  Typel 3.

with clear sky no moon % %

T\pc? 2 T»ch 21

iy_. 8. Basicto [ ological patte xels used in th
i level




Telescope Array
FD

[tok11, abul2, ]

12 fluorescence detector telescopes at 3 sites

Primary mirror (3.3m¢) and (16x16) PMT camera

18° azimuthal 15° elevation field of view / telescope
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Analysis Methods



Analysis Methods

: [augl 5]
Event Reconstruction

Direction of CR: time difference of SD signals

Fig. 33. Geometry reconstruction of an event observed by four telescopes and the
surface detector.

Fig. 35. Reconstruction of shower geometry: schematic representation of the
r o evolution of the shower front.

Absolute energy: sum of the FD signal

= 100 - with correction

Z 0 atmospheric attenuation

@ escaped events (muon, neutrino) ~10%
0 systematic uncertainty: 14%

e o e  Lhe signal size (0=38°) of SD:
Epp [EeV] correlated with CR energy, calibrated to FD.

Fig. 41. Correlation between S5 and Lgp, [ 11,122].

Angular resolution ~0.5° VEM: Vertical Equivalent Muon



E*SF(E) [GeV'® m2 s sr-1]

Ultra-High-Energy Cosmic Rays (UHECRSs)
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The absolute flux in the lower energy region is
consistent within the systematic uncertainty.
The difference in the cut-off region 1s under discussion.
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Analysis Methods

[anc19]

(Fluorescence Detectors) FDs

Number
of
Particles

S

— X max

i
i

eV muons

] TeV muons

Xmax:

atmospheric depth by FD data where
the maximum number of particles is the
largest.

<Xmax>>: mean of Xmax

o(<Xmax>): standard deviation of Xmax

for the events of interest

<Xmax> and 6(<Xmax>) are predicted to
be correlated with the mass (A4) of the
primary CR.

The correlation depends on the hadronic
shower model.

Primary beam energy is above where
accelerate laboratory data are available.
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Composition



Mass Composition
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Pierre Auger Observatory
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The fraction of proton increases up to 10183 eV and then decreases.

Composition of heavier mass nuclei are becoming dominating at the
highest energy.
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Mass Composition
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Telescope Array
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TA data also show heavier nuclei at high-energy with flatter energy dependence than Auger.
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Anisotropy



Normalized rates

Anisotropy

[aabl5,augl7]
Pierre Auger Observatory

11 T T T T T
1.08 | -
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Fig. 3. Map showing the fluxes of particles in galactic coordinates. Sky map ir galactic

Anisotropy by dipole fit (5.20)

Anisotropy after subtracting the 1sotropic component is analyzed.

Anisotropy 1s an important indicator of the sources of UHECRs and their distribution.

LAA IS u



Anisotropy

[aab18]
Pierre Auger Observatory
Observed Excess Map - E > 39 Eev The observed anisotropy showed
50 correlation with the distribution of
N SBGs (4.00).
= —30
210 /NG
4 180 SBG: star burst galaxy
§ 0 YAGN: y-active galactic nucleus
= - S Beam size
" N,,, =40

.

Prediction of UHECR intensity assuming SBGs as the
source including attenuation in the extragalactic
propagation.

Model Flux Map - Starburst galaxies - E > 39 EeV

Note that the region (surrounded by the dashed line)
close to M82 is not covered by Auger.




Table 1

Populations Investigated

Anisotropy

Pierre Auger Observatory

SBGs 1) b (") Distance” (Mpe) Flux Weight (%) Attenuated Weight: A/B/C (%) % Contribution”™ A/B/C (%)
NGC 253 97.4 —88 27 136 20.7/18.0/16.6 359/32.2/30.2
M32 141.4 40.6 36 186 24.0¢223/21.4 0.2/0.1/0.1
NGC 4945 305.3 133 4 16 19.2/18.3/17.9 39.0/384/38.3
M83 314.6 32 4 3 7.6/72/1.1 13.1/129/12.9
IC 342 1382 106 4 55 6.6/63,/6.1 0.1/00/0.0
NGC 6946 95.7 117 59 34 3.2/33/35 0.1/0.1/0.1
NGC 2903 208.7 445 6.6 1.1 0.9/1.0/1.1 06/07/07
NGC 5055 106 743 78 0.9 0.7/08/09 0.2/02/0.2
NGC 3628 240.9 64.8 8.1 1.3 1.0/1.1/1.2 0.8/09/1.1
NGC 3627 242 614 8.1 1 0.8/09/1.1 0.7,0.8/09
NGC 4631 142.8 342 3.7 29 2.1/24/27 0.8/0.9/1.1
M51 1049 68.6 10.3 36 2,3/28/3.3 03/04/0.5
NGC 891 140.4 -174 11 1.7 1.1/13/1.5 02/0.3/0.3
NGC 3556 1483 563 14 0.7 0.4/0.6,0.6 0.0/00/0.0
NGC 660 141.6 —474 15 09 0.5/0.6,0.8 0.4/05/0.6
NGC 2146 135.7 249 16.3 26 1.3/1.7/2.0 0.0/0.0/0.0
NGC 3079 157.8 484 174 2.1 1.0/14/1.5 0.1/0.1/0.1
NGC 1068 172 -519 17.9 12.1 5.6/79/9.0 6.4/9.4/109
NGC 1365 238 —-546 223 1.3 0.5/0.8,0.8 09/1.5/1.6
Arp 299 1419 554 46 1.6 0.4/07 /0.6 00/00/0.0
Arp 220 36.6 53 50 0.8 0.1/0.3,0.2 0.0/0.2/0.1
NGC 6240 207 273 105 1 0.1/03,0.1 0.1/03/0.1
Mkan 231 121.6 602 183 038 0.0/0.1,/0.0 0.0/00/0.0
~+AGNs

Cen A Core 300.6 194 37 0.8 60.5/14.6/40.4 86.8/563/71.5
M&7 283.7 745 18.5 1 15.3/7.1/29.5 9.7/121/23.
NGC 1275 150.6 133 76 22 6.6/6.1/1.5 0.7/1.6/1.0
IC 310 150.2 -137 83 1 2.3/24,2.6 0370.6/0.3
aC 264 235.8 73 95 0.5 0.8/1.0/08 04/13/0.5
TXS 0149 + 710 127.9 Y 96 0.5 0.7/09,0.7 0.0/0.0/0.0
Mkn 421 179.8 65 136 4 11.4/48.3/14.7 1.8/19.1/2.8
PKS 0229-581 280.2 546 140 05 0.1/05,0.1 02/20/0.3
Mkn 501 63.6 389 148 20.8 23/150/36 03/52/06
ITS 2344 4 514 1129 99 195 33 0.0/1.0/0.1 0.0/0.0/0.0
Mkn 180 131.9 456 199 19 0.0/0.5,/0.0 0.0/0.0/0.0
1ES 1959 + 650 98 17.7 209 6.8 0.0/1.7,/0.1 0.0/0.0/0.0
AP Librae 340.7 276 213 1.7 0.0/04,0.0 0.0/1.3/0.0
TXS 0210 + 515 135.8 -9 218 09 0.0/0.2,0.0 0.070.0/0.0
GB6 JO601 + 5315 160 146 232 04 0.0/0.1,0.0 0.0/0.0/0.0
PKS 0625-35 243.4 -20 245 1.3 0.0/0.1,/0.0 0.0/0.5/0.0

[ Zw 187 7.1 335 247 23 0.0/02/0.0 0.0/00/0.0

[aab18]

Studying the correlation between
the UHECR anisotropy and the
distribution of galaxies from the
2FHL catalog (FERMI-LAT)

SBG: star burst galaxy
YAGN: y-active galactic nucleus



UHECR: Anisotropy
Auger and TA

Candidate production sites
" Active Galactic Nuclei
2 Starburst Galaxies

Figure 7: Skymap in Galactic coordinates of the Li-Ma significances of over-densities in 20° radius windows for 840 events
recorded by Auger with ¥ > Fip, Auger and 130 events recorded by TA with ¥ > Fij, ta. The color scale indicates the
significance in units of standard deviations; negative values follow the convention of indicating the (positive) significance of
deficits. Nearby SBGs providing a significant contribution to the UHECR correlation signal of Auger [3] and TA [163] are
indicated by stars. From Ref. [161].

[anc19]

=]

Auger data with a model prediction of deflection of 046

UHECRs by galactic and extragalactic magnetic fields.

Narnaic Ry = 57 oo &
3

Again the composition of UHECRs is important.
Intergalactic magnetic field is also not known well.




Energy Loss Process 1n Space Propagation



Greisen, Zatzepin, and Kuzmin (GZK) Cutoff

[gre66,zat66]
GZK predicted a cutoff of UHECR flux at around 1020 eV
due to energy-loss with the collision of CMB 1n extragalactic propagation

For UHECR protons Cosmic Microwave Background (CMB)

pion-production by scattering with CMB

p+photon — 7= production

For UHECR nuclei SRR e
photo-absorption of CMB 7=2.72548=0.00057 K
— excitation to GDR

— disintegration (photo-disintegration)

Energy-loss process of UHECR is a key to understood the energy distribution and composition
of UHECRSs and their origin, production mechanism, and the propagation.




Energy Loss Process of UHECRSs in Extragalactic Propagation
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Unfortunately, photodisintegration cross section data are
incomplete. For many reaction channels, o(e) data do not
exist. Also, integrated cross section strengths are not avail-
able for all of the exclusive channels. The most complete
compilation of the world’s GDR cross section data exists in
the 15 volumes of Fuller & Gerstenberg (1983). In these
volumes GDR cross section data for *“Fe, for example, are
given only for the (7, pX) channel and the inverse channels
(e, y) and (p, y).



A Composition Reconstruction by a Model

(fitted to data) [anc19]
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PANDORA Project



PANDORA Project

Photo-Absorption of Nuclei and Decay Observation for Reactions in Astrophysics

Joint project among three experimental facilities with
nuclear theories and astrophysical simulations

RCNP-Grand Raiden (Osaka, Japan)

e L 1L S

complementary
experimental
techniques

CAKE

iThemba LABS
South Africa

decay
charge X
particle
detector
array
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PANDORA Project
Photo-Absorption of Nuclei and Decay Observation for Reactions in Astrophysics

Motivations

- @Xtragalactic propagation of ultra-high energy comic rays (UHECRSD

- Nuclear-astrophysics and nucleosynthesis
- Neutral-current neutrino detection in large volume neutrino detectors

- Nuclear Structure

* clectric dipole strength distribution: PDR, GDR, EDP
* decay mechanism

« gamma-decay of GR: damping mechanism

* alpha-cluster structure
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Systematic Measurement on Photo-Absorption C.S.
and n,p,a.,y decays for light to A~60 stable nucle1

- photo-absorption (electric dipole) strength distribution
-n, p, o,y decay branching ratios
- for stable nuclei from light to A~60
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Photo-disintegration Pass of >¢Fe
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Photo-disintegration Pass of 5¢Fe

('Y’n) 47, 48 49 0, 51 &2 &3 5 55 % 57, a8 L 61 ¢ 3,
Co Co | ®“Co Co | “'Co Co Co | "Co Co | “Co Co 0 Co | “'Co | “Co 0
38.8 ms|68.8 ms|115 ms|242 ms|192.28 ms[17.53 h{77.236 d| 271.74 d[70.86 =0|(535.271 y|1.650 H1.54 m|26.9 s
_l’_
B “Fe | “Fe | “Fe | “Fe | “Fe [ ®Fe | ®Fe | “Fe | W “Fe e e W\ Fe | “Fe | “Fe | “Fe
2.2 ms{13.0 ms 21.9(\1545.3!11364.7:\\31551’!18 305 ms|8.275 h|8.51 mEsiEle T able ab 21051144 495 d| 2. 6E6 4| 5.98 m| 68 s
l (Vap) “Mn | “Mn | *Mn | “Mn | “Mn | *Mn | *Mn | *Mn | *Mn [ *Mn | *Mn M\ Un | *Mn | *Mn | *Mn [ “Mn
36.2 ms|88.0 ms|158.1 mg 382 ms|282.19ms|46.2 mM(5.591 3.7E6 y|31205d e H s| 3.0 s [4.59 s{280 ms|670 ms
ey ['®er | #cr | *#cr |®cr | ®er| “cr | “cr G “Cr | ®Cr [ *Cr | ®Cr [EREE
B_ 13.3 ms|21.1 ms|42.8 ms|60.9 ms|257 ms|500 ms{21.56 h|42.3 mfgsielel] 27.701 able Stable :113.497 m5.94 m|21.1 s| 7.0 s | 1050 ms|490 ms
ov | v | ov IS v [ v | =y [EENEISEE S
79.3 ms|111 ms|547 ms|422.64 ms| 32.6 m[15.973 d d &, Jle m(1] 49.8 s(6.54 5216 ms|350 ms|191 ms|95 ms
*Ti (ESTEESTIN ST TR TR T | “Ti “Ti | ©Ti [OF | 2T [ ZT |y i
28.5 ms|52.4 ms|82.6 ms|208.14 ms|509 ms| 59.1 y (184 576 m 1.7m |32.7s| 1.5s | 1.3 s (200 ms{95 ms|55 ms
*Sc | ¥Sc | *Sc [ ®Sc [FEScHEUSEREESEN “Sc | “Sc “$IN“$c Nbc | “sc | “sc | “sc | ®sc | 2Sc |l-mse ||
<300 ns|182.3 mg596.3 me|681.3 mg3.891 h 3.97 hh. g d 5B m(102.5 5124 s| 8.2s | 2.4 s 526 ms|96 ms|26 ms |22 ms
*Ca |2hear[-Teall-Feal*ca [=Ca ‘W ‘'Ca a 3 ¥ “Ca ¥ “Ca “Ca | ®Ca.| Yca | ®ca [F ol Colli GalliTGa
r 25.7 ms|101.2 ms{181.1 ms{443.77 ms| 860.3 able [X:] a a = -11162.61 d| sEl4.536 8718m(13.95|10.0s| 4.6 s [461 ms|90 ms|{22 ms |11 ms
nK szK | uK aQK :ch 35 wK 4] 43 uK 45K 45 47K 48 49 QK 51K 2y ﬂK 5 EK
178 ms|341 ms|1.225 s|7.63§ m 41.2E9 v e h h|22.13m{17.8 m| 105 s [17.50 s| 6.8 s | 1.26 s |472 ms|365 ms|110 ms|30 ms| 10 ms [3# ms
ZAr | SAr | *Ar | “Ar AP SAr “Ar [ 2ar || “Ar | “Ar | “Ar | #Ar | “Ar [BEARR AR [NEARSNSTATE | N RS
98 ms|173.0 ms{843.8 ms(1.775 =1 35041 o A 289y [SiekiE100.61 m| 32.9 y(5.37 m|11.87 m[21.48 § 8.4 s | 1.23 s{475 ms|170 ms|85 ms |60# ms|10# ms|3# ms
SelllEEcl *ci | *c >Ch, ! *CIMNE! | ® o 2c1 | 2cl [BEeHIRECN NS *cl[.2e1 | Zel | fel
150 ms|298 ms[2.511 s[1.526 =3 3N 2137.24 m|SP m(1.35m| 38.4 s| 6.8 s [3.13 s|560 ms|413 ms|232 ms|101 ms| 100# ms|50# ms [20# ms| 2# ms
gl s *3 S | s | g | Y5 | 25 | b ERREE  “S Half Life
1.175 f.ﬁ? able Stable 187.37 15.05 m1703m|11.5s| 8.8 s 1.9951.013s|265ms 100 ms |68 ms|50 ms [20# ms|10# ms Half life (All)
244 nuclides
15 20 25 30 35
N Keys: Ctri+CTLIEPSMDXYHZ

(vy,xn), (y,a) reactions also take place.
Several unstable nuclei also contribute.
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Photo-disintegration Pass of 5¢Fe
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Systematic Measurement on Photo-Absorption C.S.
and n,p,a.,y decays for light to A~60 stable nucle1

difficulties in theoretical modeling of light-medium mass nuclei
- stronger shell structure effects than heavy nuclei

- many-nucleon correlations: a-clustering, np-pairing, deformation, ...
- 1sospin selection rule, often unimplemented in statistical calculations, e.g. in ||

A(N=Z, I=0)+y —» GDR (I=1) =& A-4(N=Z, I=0) + a(I=0)
- Preequilibrium component of the decay
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|- Inconsistency among experiments
i - Unrealistic predictions by models

We need good systematic data and reliable models!




Probing Photo-Nuclear Response of Nuclel

Virtual photo excitation by proton scattering

* Missing mass method P .y
with proton Coulomb excitation N A

* better for total strength
and strength distribution p p
higher cross sections > — @

also applicable for p,a,y decays () —@ p,0,)

(
o

Real photo excitation

« Gamma-beam by laser-Compton

scattering with an electron beam y
o (<'>)\’0n, Do,y
* individual decay channels

better for absolute normalization
applicable also for n and xn decays 1n addition to p,a.,y 46



High-Resolution Spectrometer Grand Raiden in 0-deg mode

High resolution of 20-30 keV:
dispersion matching.

Coulomb excitation by
proton scattering
at very forward angles

Q1-F.C. —

ton b .
proton beam Focal Plane Detectors  op_n 5 4 5° ) [}

EM Interaction

é

Scattering

Chamber -

A 208Pp target: 5.2 mg/cm?
Intensity : 1-8 nA

Dump—-Q

Grand Raiden (GR)

0 deg. Beam Dump Polarized Proton

(GR =0 deg.)
0 1 2 ?m Beam at 295 MeV

T ATetal,, NIMAG605, 326 (2009) 47




Probing the E1 Response

—-PDR==— S,

Yo

brems. A

NRF with a brems. y-beam
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n-counting

¢* annihi. A
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New
Methods

A. Bracco, E.G. Lanza, AT,

PPNP 106, 360 (2019)




meli

Nuclear Physics

Gamma Beam System - Layout

e- beam
dump

Interaction Point
Low Energy

Interaction Point
High Energy

e- beam
dump

Photogun
multi-bunch

vy beam vy beam
coll&diag coll&diag

:
:

Control
Room

Interaction Laser e~ RF LINAC Interaction Laser e~ RF LINAC Photo—gun Laser
High Energy High Energy Low Energy Low Energy
720 MeV 300 MeV

High-Energy Stage: y rays up to 19.5 MeV

19.11.2015

Master clock synchronization @ < 0.5 ps

D.L. Balabanski, Osaka

Low-Energy Stage: y rays up to 3.5 MeV
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ELI NP K.A. Tanaka et al., Matter and Radiat. Extremes 5, 024402 (2020)

Dosimetry Laboratory Target Laboratory Area

Laser Experiments Diagnostics Labora Laser and Optics Laboratory Area

Biophysics and Biomedical Applications Laboratory

Mechanical and Vacuum Workshop

User Room
DAQ Room
Spectroscopy Laboratory

1 PW Laser Experiments Area
TW Laser Experiments Area

FIG. 1. Schematic overview of the HPLS and the VEGA system and associated target areas at ELI-NP. The two laser arms are depicted in red. The target areas E1, E4, E5, E6, and
E7 show the 3D CAD designs of the target chambers currently under construction. The positions of the target areas E3, E8, and E9 associated with the VEGA system are indicated.
The E9 area sits in the newly installed annex sketched by the blue footprint adjacent to the left side of the main building. The target area E2 will be facilitated for VEGA system-
related experiments in the future.



Experiment combining three complementary facilities

Virtual Photon Exp.

RCNP  2022-

Total strength distribution up 32 MeV

v-decay

multipole decomp. analysis (ang. dep. and polarization transfer)
iThemba LABS 2021-

Total strength distribution up 24 MeV
p,a,y-decays

multipole decomp. analysis (ang. dep.)

Real Photon Exp.

ELI-NP 2023-

absolute c.s.
model independent separation of E1 and M1

n,p,a,y-decays up to 20 MeV
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Experiment combining three complementary facilities

Virtual Photon Exp.

RCNP  2022-
Total strength distribution up 32 MeV
v-decay
multipole decomp. analysis (ang. dep. and polarization transfer)

iThemba LABS 2021- Beam time approved for the first cases: 12C, 27Al
Total strength distribution up 24 MeV Oabs and p,a.y decays
p,o,y-decays

multipole decomp. analysis (ang. dep.)

Real Photon Exp. Good systematic data

Consistency among three facilities
ELI-NP 2023-

Reference target: 27Al.
absolute c.s.

model independent separation of E1 and M1

n,p,a,y-decays up to 20 MeV -



RCNP

ELI-NP

iThemba LABS

TU-Darmstadt
U. Milano/INFN

Nuclear Theory
AMD

NRFT

RPA /DFT

TALYS
UHECR Theory

Propagation

and production

PANDORA Proter

Nuclear Experiments

20

t- roanizatinn

Osaka Univ.

A. Tamii, N. Kobayashi, T.
ELI-NP

P.-A. Soderstrom, D. Balab%
iThemba LABS, Univ. Witwa &
L. Pellegri, R. Neveling, Fl
Wiedeking, K.C.W.Kj, P. A
S.Jongile, A. Netshiya

P. von Neumann-Cosel, N.
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12C - - TALYS

O Exp.(Ahrens et al.) L.

A. Bracco, F. Camera, F. Cre¢ 0

M. Kimura, Y. Taniguchi, H. Motoki Antisymmetrized Molecular Dynamics

E. Litovinova, P. Ring, H. Wibowo

T. Inakura

S. Goriely, E. Khan
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Nuclear Relativistic Field Theory

HAYMELES VRO T L
Migrh A ORI - T & FHPRL
2020%£9H17H13:30-17:15

D. Allard, B. Baret, I. Deloncle, J. Kiener, E. Parizot, V. Tatischeff

S. Nagataki, E. Kido, J. Oliver, H. Haoning

NC Neutrino Detection M. Sakuda, M.S. Reen, Y. Koshio,




Targets

Measurements on 10-20 nucle1 in 5-10 years
with theoretical model developments
Candidate target nuclides

e 12C, 160, and 27Al first cases, alpha decay, reference target

e 6] 1, 7L1, °Be light nuclei

* (20Ne), 24Mg, 28S1, 32§, (3Ar), 90Ca N=Z nuclei, a-cluster effect, deformation
* 260Mg, 48Ca, >Fe N>Z nuclei

« 13C, 14N, 51V odd and odd-odd nuclei

* (v,xn) on 180, 48Ca, %4Ni

Sensitivity test and selection of important nuclei are under discussions.
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Summary

<

PANDORA 1is a joint project combining complementary experimental

facilities of real and virtual photon scatterings, nuclear theories and
astrophysical simulations. Measurements will start in 2021.

10
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Systematic measurements on photo-absorption cross sections and
n,p,o. and y decays from light to A~60 nuclei are planned.

Development of theoretical models 1s planned by AMD, RPA and
RNFT.

We appreciate your suggestions and support from the community.

— AMD (-3.5MeV)
- - TALYS

o Exp.(Ahrens et al.)
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