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 Mass spectrometry: introduction
1 Status of the double Penning trap PIPERADE

O Physics cases @DESIR
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N\
S . ; - © an ome L
Qe v, anr = ZDESIR

Pauline Ascher - Colloque GANIL - 21-25 September 2026



MASS SPECTROMETRY: why and how ? (Z, LP2i

WHY'? DESIR
M(ZN)=Z -Mp+N-Mn—BE(Z N) ]
O Nuclear structure —— . . 2 & s
v" Test nuclear models 20 {3 =
v" Changes in structure evolution (shells, deformation, pairing, .. = 12 :\;\: §
v' Isomeric states (shape coexistence, .. = b =
Q Inputs for nuclear astrophysics (rp process, X-ray bursts) S 127
O ft-values for weak interaction studies bl :
. S

70 80 90 100 110 120 130 140 150
Nombre de neutrons
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MASS SPECTROMETRY: why and how ? (Z, LP2i

M(Z,N)=Z-Mp + N-Mn—BE(Z N)

WHY ?

O Nuclear structure
v" Test nuclear models
v" Changes in structure evolution (shells, deformation, pairing, ..
v Isomeric states (shape coexistence, ...)

Q Inputs for nuclear astrophysics (rp process, X-ray bursts)

Q ft-values for weak interaction studies

Son [MEV]

70 80 90 100 110 120 130 140 150

HOW 7 Nombre de neutrons
6m < 50 keV -|
H B 6m = 50keVandTy; > 10 ms
meas. tlme M/AM SM/M 1001 E ©6m = 50 keV and accessible only MR-ToF :ﬁr
<1us Bp-ToF 104 ~10-5 § 80 Lt i
g +ﬁ;
60 - = e
~100 us P STORAGE RINGS [} 10° ~10-¢ < Pt
£ a0] o g
~10 ms MR-ToF MS few 10° ~10-7 i,; gl
20 -
data from AME2020
- 105 - 107 <10-8 o . S . . .
100ms -1s PENNING TRAP 0 20 40 60 80 100 120 140 160
Neutron Number
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MASS SPECTROMETRY: why and how ? (Z, LP2i
WHY ?

DESIR
M(Z,N)=Z-Mp+N-Mn—BE(Z N) ]
O Nuclear structure . - - . ] 8o
v' Test nuclear models 2] s
v Changes in structure evolution (shells, deformation, pairing, ...) 12';-:7 -

Q Inputs for nuclear astrophysics (rp process, X-ray bursts)

: ) = 16-
v Isomeric states (shape coexistence, ...) -y
1
. . . “ 1
O ft-values for weak interaction studies

CEITITTE
h =% KON SO W

HOW ? 7.0 Sb gll(ilomlg?e chel;Onelié(r)onsléo l;m 150
meas. time M/AM 8M/M
<1ps Bp-ToF 104 ~10-%
5 ~1N-6
~100 us EYSTORAGE RINGS 10 10 @DESIR
~10 ms MR-ToF MS few 105 ~10-7 O TRAMWAY (~ 2029-2030) (L. Canete)
i : . O PIPERADE (2027)
100 ms - 1s @l PENNING TRAP 10°-10 <10° Q MLLTRAP(>2030) (E. Minaya)
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Time of flight [us]

MASS MEASUREMENTS AT PIPERADE: ToF-ICR CZ;'B:EQ?UE
DESIR

) G
m m ST
= 3l |

ToF-ICR .&ﬂ»g Ay
25 ! ‘ -
—
20 - = =N \
Purification trap - Measurement trap MCP

Frequency - vP™® [Hz]

Studies and fine optimisations performed:
= Minimization of ion motions

= Compensation of the B-field drift v.(C°K™)
= Optimisation of E-field anharmonicities Mai, = My masop — me) + me
= Temperature/pressure dependences Ve( )

P. Ascher et al, NIM A 10719, 165857 (202])
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MASS MEASUREMENTS AT PIPERADE: ToF-ICR

*LP2i

Bordeaux

DESIR

Mean ToF (us)
8 o

o
(=)

=3
(=}

-~
f=]

n
=)

-._;+:
s
g

viean 10r (Us)

- 0
v_rf - 2735415.59 (Hz)

0
v_rf - 2601980.16 (Hz)

- 0 1
v_rf - 2735415.59 (Hz)

Mass excess — AME [eV]

750 A
500 ~

250 A

0 ety W ealls 2 Velazlal a Naal odaxls

—250 ~
—500 -

—750 4

—1000

\

(ME) = +19.2 = 20.4 eV
2y = 0.81

¢

I W W% A N Q. N W 4 B A WA N W W & T

41K VS 39K

e |

o, e e, f @@ e bl mm e mel . e = o

H* I

+1o total (20.4 eV)
AME2020 reference
AME unc. (£4.0 eV)
® 41K (ref: 39K, N=64)

0.0 0.5

1.0

T 1

1.5 2.0 23 3.0

Time [days since start]

O Individual statistical uncertainty of ~5.10-7 |
Q If temperature fluctuations are small:
- Excellent stability (long-term
measurement)
- stat. uncertainty down to 5.10-10

O 40K measurements achieved
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Bordeaux

DESIR

MASS MEASUREMENTS AT PIPERADE: ToF-ICR ?;'-PZi

o

(=1
o

Ty

Mean ToF (us)

(=24 w
(=} (=)

-~
f=]

- - - 0 1
0 . - 0 1
v_rf - 2735415.59 (Hz) v_rf - 2601980.16 (Hz) v_rf - 2735415.59 (Hz)

3000 -

(ME) = -10.5 + 84.9 ev]
2000 JX/v =056 40K ys 39K

O Individual statistical uncertainty of ~5.10-7 |

EERHE e
_{,_}___¥-{-¥--{-££_H: - _{"f_}-i %}'j;l;i’i} i'v%'* a |fEeE)EC:{E%E:S;ELUbCiIE;tz::onnsg?tr:rrsnmall

....... AME2020 reference - stat. uncertainty down to 5.10-1°
AME unc. (+60.0 eV) .
& 40K (ref: 30k, N=34)|| O “°K measurements achieved

1000 +

—1000 A

Mass excess — AME [eV]
o
|
|—+—4
i
|
—e—
I—e—

—2000 -

—3000

T T T T

0 1 2 3 4 5 6
Time [days since start]

Pauline Ascher - Colloque GANIL - 21-25 September 2026



MASS MEASUREMENTS AT PIPERADE: PI-ICR CZ;'B:E&?UE

DESIR

14 . 16 9 S s e o

12 C.enter 14 n | 71““3 I ]"‘“ ’ ‘,""“ / J;‘ ‘, ";‘ |“‘  .f"‘“ T -
510 ’ 12 § . ‘ ‘\ ‘ ] >
=8 . D 10 « N =t AN Cr—ﬁ
S Réduced”  * o el R | MCP
5 6 ' 8 3 Purification trap -~ Measurement trap
g ,Cyclotron = Magnetron £
> ° 2

2 4 b = 2V Tt yeo- 27N

0 2

-12-10 -8 6 4 -2 0 2
X position [mm]
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MASS MEASUREMENTS AT PIPERADE: PI-ICR CZ;'B:EQZUE
DESIR

39K+ - : l \'% 41K+ B | . 39K+

0 0 R 0 Z '
. # | of e | 5 ¥
-20 -20 -20

-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
X X X
Q PI-ICR fully operationnal and optimized
o Triplet: 39K - 41K - 39K _— Q0 Ongoing systematic studies:
(ME) = -28.0 + 42.8 ev} . .
< 19w =022 J v Image distorsion
£ 1000 ‘ "” ‘.h,, v’ Temperature effects
= i ||| (
% 500 ||||| |1|| |II |! : ] , || o
[N Jlll"“””n i '!l||’lh..mll' i, | wiy |||llhﬁ!.llh'.u.!. "'l|||"“"'I'"'-u"|||||||1'!!”JH‘!IE!"'""“ !!!I"""' nw'l"""lll""""|||mllll"’”“ " ’
0 . I I||||| o |||||||| -||||' il i uu- i | AT R -
§ ~500 - “”“ ““"”“””ll |.|.I || l| :”"!t m‘ |||||Ii |'l||r'“i|“'! I" ||||||II||”||!. b | i || ||| i||||l"I ”lll gl |||||| "'H., | ul ||| o 0 i
9] || il m I I || l |III I +10 total (42.8 eV) - L
(3 —1000 H’ ------- AME2020 reference E" = i3
IR | | o | > £ £
ref: , N= SR - ol
—2000 | I ' , Lel ; & 0 " L0 i e - > S
0 1 2 3 4 e - I I
Time [days since start] ' " ! I :
X (mm) X (mm)

READY TO TRANSFER THE SETUP TO GANIL
(> MID-2027) - anr PEPPER Next step: temperature stabilisation for E and B fields
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MASS SPECTROMETRY @DESIR

11 LETTERS OF INTENT
at the last LOI DESIR WS

LOI 006- Above Pb

E. Minaya Ramirez et al.

LOI 028 - Pt, Ir

V. Manea et al.

LOI 036 - Lu, Yb, Tm
A. de Roubin et al.

LP2i

Bordeaux

DESIR

L4

LOI 005 - SHN
E. Minaya Ramirez et al. T
LOI 029 - Cf .2

E. Rey-herme et al.

;e

1
N | -

LOI 008 - Ba chain

S. Lechner et al.

LOI 001 - 100-1025

P. Ascher et al.

LOI 045 - Cd, Ag, In

L. Canete et al.

LOI 020 - "9Br, 74Rb
B. Rebeiro et al.

LOI 008 - 32Ar

M. Gerbaux et al.

L0l 002 - 43-4TC|, 22-24Q), 24-25F
P. Ascher et al.

Fragmentation @SPIRALI
Fusion-evaporation @TULIP or @S3

50 keV
50 keV and Ty, > 10 ms
50 keV and accessible only MR-ToF

om <
om =
om =
stable
S3 yield > 1 pps

SPIRALL yield > 1 pps
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EROSION OF THE N=28 GAP & Lz
DESIR

| N=29 and N=30 isotones = only K and Ar are well known
207 471-50K @TITAN A. Lapierre et al, PRC 85, 024317 (2012)
| 46-48 Ar @ISOLTRAP Mougeot et al, PRC 102, 014301 (2020)
1 —1)N 43-45
P 2 [ Az, (Z,N) _ D [M(Z,N + 1) + M(Z,N — 1) — 2M(Z,N)] LEBIT Cl
(] 25— 2. T — — & Cl,AME2020 B~ K AME2020 %
o A o CaAME206 T T PANERI0 S
£ 18- “9Ar [ s°Ar P | SR
_‘5' - ) o—arNscLzois | Shell gap from A3n s AN/ \
| % P AN —e—Ar, This work | . = s /i S i
- = i | Ca: 4.8 MeV el NG A\
2177 cl g “Cl ; S ] AR 44 Mev T
o = L 15:2.8(10) MeV 0501
& 0.5 1 "5 ' 0.25
16 7] 455 465 0.0 ———— | ————— o P zlsN . né? ! NZ’E 29 30
 NeumomNumberN H. Errington, PRC 112, 044313 (2025)
15+ A2n: Szn(Z,N+2) _SZn(ZrN)
8
7
141 6 SPIRALT fragmentation
T <5
32 £, (measured)
Neutron Number <, . 2E4 pps 30 pps 0.02 pps
. 6m < 50keV 2 % asC| fl 47C|
B 6m = 50keVand Ty, >10ms data from AME2020 1 % % <}¥ & From nescured masses AHEOZ0)
D LEBIT 2025(ToF-ICR) O3 16 18 20 22 24 26 8 31s 562ms 413 ms 232ms 101 ms

Proton Number (Z)
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FLUORINE AND OXYGEN CZ;'B:EEEUE

DESIR
121 R . .
| BN ana U Region unexplored by precision mass

107 P specth?Smetry 22-24()-
o o Z42F gnd 0: dm > 100 keV
()
€8 [ . . .
S BEE O Vpn interaction strength determined from
Z 6 the masses: cases of 2F and #N
% - masses must be wrong in the region
a 4] — A. Lepailleur et al,, PRL 110, 082502 (2013)

; | U Evolution of N=14 and N=16 shell closures

Q S, of more n-rich nuclei are known (En
measurements)
- Only 20 mass is needed for the gap
- 240 and 2°F masses will constrain the

5m < 50 keV masses of more n-rich nuclei !
. om = 50 keV and Ty > 10 ms

data from AME2020

2 4 6 8 10 12 14 16 18
Neutron Number
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FLUORINE AND OXYGEN (Z;'B-ofe?ui

DESIR
20 pps ?
U Region unexplored by precision mass
25F 26F 27F spectrometry
80 ms 8 ms 5 ms o 2425F and 22-240: 5m > 100 keV
MR-ToF _ _ _
case? U Vpn interaction strength determined from
1E3 pps 30 pps 2 pps the masses: cases of %°F and 22N
- masses must be wrong in the region
7=8 240 250 260 A. Lepailleur et al,, PRL 110, 082502 (2013)
okl BULCE BARTE 5107's 0 4PS |0 Euoiition of N=14 and N=T6 shell closures
N=14 N=16
6m < 50 keV Q S, of more n-rich nuclei are known (En
B 6m = 50keVand Ty, > 10 ms measurements)
data from AME2020 - Only 20 mass is needed for the gap

- 240 and %°F masses will constrain the
masses of more n-rich nuclei !

2 23-25F gnd 22-240 are all feasible for day-one experiments
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MASS SPECTROMETRY @DESIR cZ, LP2i
11 LETTERS OF INTENT

DESIR
LOI 005 - SHN

2=

LOI 029 - Cf
E. Rey-herme et al.

LOI 006- Above Pb =i
E. Minaya Ramirez et al. ?E o

LOI 028 - Pt, Ir e

V. Manea et al. ' ’

LOI 036 - Lu, Yb, Tm
A. de Roubin et al. L L pisiiameesss ., 15!
LOI 008 - Ba chain e
S. Lechner et al. geETEREETed stith

L0l 001 - 100102, e Ll
P. Ascher et al. = r“i :E';':.
LOI 045 - Cd, Ag, In gL

L. Canete et al. [ -

LOI 020 - 7°Br, "Rb Fragmentation @SPIRALI
B. Rebeiro et al.

"' Fusion-evaporation @TULIP and/or @S3
LOI 008 - 22Ar, .. | otF aal o P @ [or @

M. Gerbaux et al.

- 6m < 50 keV
EE:iI' ém = 50 keV and Ty, > 10 ms
LOI 002 - 43—47Cl' 22-240' 24—25F 6m = 50 keV and accessible only MR-ToF

stable
P. Ascher et al. S3 yield > 1 pps
SPIRALL yield > 1 pps
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LOI 008 - M. Gerbaux et al.

Mass excess (MeV)

M(A,JY T, T,) =a+bT,+cT?

|
-
o

|
-
w

|
N
o

_25 4

A=32, T=2 quintet

327

----- IMME
== Ground states
—— First T=2 states

-1

Mass excess (MeV)

) (keV)

2
z

M- (a+bT,+c

o
L

|
=
o

|
N
o

—301

IMME STUDIES & Lz

DESIR

Succesfully used for many topics:

* Predict specific uynmeasured masses
- Evaluate accuracy of large-scale nuclear-mass model predictions

M(T,T,)=a+bT,+cT? +dT; +eT;

A = 32T = 2 quintet

=++ abc
abcd
——- abce
—— abcde
# Expérimental

Residuals with respect to quadratic IMME

Can be due to..
* Incorrectly measured or evaluated masses
« Higher order Coulomb/nuclear interaction (3-body)
* Isospin-mixing

- 32Ar: an « easy » case on paper, but unsucessful in other
RIBs because of contamination

—> Purity at DESIR wil enable this measurement

- Many other cases identified with
- SPIRALT (?®Mg, 2°Na, 200, 24Ne, 40Sc, 5“Mn, ....)
- 53 beams (24Si, 40Ti, 94N, ...) but fast gas cell
needed
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MASS SPECTROMETRY @DESIR

(2; LP2i
Bordeaux

11 LETTERS OF INTENT TN

E. Minaya Ramirez et al

LOI 029 - Cf
E. Rey-herme et al.

LOI 006- Above Pb e
E. Minaya Ramirez et al. ) ?E o

LOI 028 - Pt, Ir

V. Manea et al.

LOI 036 - Lu, Yb, Tm
A. de Roubin et al. L L pisiiameesss ., 15!
LOI 008 - Ba chain e
S. Lechner et al. geETEREETed stith

L0l 001 - 100102, o
P. Ascher et al. = r“i :E';':.
LOI 045 - Cd, Ag, In 1L g

L. Canete et al. [ -

LOI 020 - "°Br, "Rb _
B. Rebeiro et al.

LOI 008 - 32Ar

M. Gerbaux et al.

I.

Fragmentation @SPIRALT

_||=||| ol palEESET
- piit

L0l 002 - 43-41C| 22-24() 24-25F
P. Ascher et al.
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DESIR

Fusion-evaporation @TULIP or @S3

ém < 50 keV

ém = 50 keV and Ty, > 10 ms

ém = 50 keV and accessible only MR-ToF
stable

S3yield > 1 pps

SPIRALL yield > 1 pps




. [ ]
LOI 020 - B Rebeiro et al LOI 001 - P, Ascher et al ] 2 LP2iI

LOI 045 - L. caneteetat LOI 008 - s. Lechner et al N=Z reglon Bordeaux
N7 DESIR
= D « . 'W.
50- REREE o el evolution, pn interaction
ﬂ m Q mappipg proton-dripline
48 E L manyisomers
O rp-process (path, X-ray bursts properties)

o O ftvalues for weak interaction studies
9 46 paf v > LOI 020 7Rb, ™°Br
: J
£ 441
°
; J7

42 3M0

ﬂ | |
« EEEEEEESS
I 4 B4 K2 Bl |

44 46 48 50 52
W 6m < 50 keV Neutron Number
W 6m =50keVandTiz >10mMs  gata from AME2020
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. [ ]
LOI 020 - B Rebeiro et al LOI 001 - P, Ascher et al ] LP2iI
LOI 045 - L. canete etat LO| 008 - s Lechner et al N=Z reglon z Bordeaux

DESIR

pn pairing, Wigner energy
shell evolution, pn interaction
mapping proton-dripline
many isomers

N=Z
EEDED
Performed recently (not in AME) ﬂ
<l
rp-process (path, X-ray bursts properties)

m ft values for weak interaction studies
ﬂ > L0I 020 7“Rb, 7°Br

m Region highly competitive (MSU, RIKEN, GSI, CSRe,
ISOLDE, IGISOL) BUT many remaining cases

ﬂ feasible at DESIR

3 LOIs
v’ 9899, 9%Cd 74Ag (LOI 045)
‘ ‘ v 991001025 (LOI 001)
‘ ‘ v" Barium chain (LOI 008)
— - Accessible with TULIP and/or S3

A7 44 46 48 50 55 [ More cases below with S3 beams (refractory)

o0 O0opDo

N
(@)}

U

N
o

Proton Number

N
N

o DR
QR an

EE3
(

W 6m < 50 keV Neutron Number
M 6m = 50keVand Ty, >10ms data from AME2020
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MASS SPECTROMETRY @DESIR (2; LP2i

Bordeaux

DESIR

11 LETTERS OF INTENT

LOI 005 - SHN

2=

LOI 029 - Cf
E. Rey-herme et al.

LOI 006- Above Pb JELE
E_Minaya Ramirez et al. _#E?E T
LOI 028 - Pt, Ir P

V. Manea et al.

Fusion-evaporation @S3

LOI 036 - Lu, Yb, Tm s i |
A. de Roubin et al. . _::' s _J™

LOI 008 = Ba chain L L

S. Lechner et al. isi il

L0l 001 - 100102, e Ll
P. Ascher et al. = r“i :E';':.
LOI 045 - Cd, Ag, In gL

L. Canete et al. [ -

LOI 020 - 79Br, 74Rb _
B. Rebeiro et al.

LOI 008 - 32Ar

M. Gerbaux et al.

Fragmentation @SPIRALT
Fusion-evaporation @TULIP or @S3

- 6m < 50 keV
EE:iI' ém = 50 keV and Ty, > 10 ms
LOI 002 - 43—47Cl' 22-240' 24—25F 6m = 50 keV and accessible only MR-ToF

stable
P. Ascher et al. S3 yield > 1 pps
SPIRALL yield > 1 pps
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01036 - v Marea et Probing the proton mid-shell (Z < 82) cz;'s'ofe?ui

LOI 028 - A. de Roubin et al

DESIR
0.0 -4
@ Charge radii and masses to s
v' probe deformation and shape coexistence —0.217
v’ characterize and study proton radioactivity o4,
v' locate the proton drip-line £ V
v" N=82 neutron shell gap for heaviest isotopes 5 706
O Refractory elements are poorly known - niche at S3 "
_10°

96 98 100 102 104 106 108 110 112 114 116 118
Neutron number

D Some Chains riCh in isomerism (Ir' Tm' Yb) F. Le Blanc et al., Phys. Rev. C 60, 054310 (1999)
D. Verney et al., Hyperfine Interactions 127, 79-82 (2000)

- PI-ICR mass measurements at DESIR E. M. Lykiardopoulou, Phys. Rev. C 107, 024311 (2023)
. . . $ Thb(Z=65)
- S3-LEB/DESIR as a single experimental set-up with PI-ICR - 4 Ho(z=67)
assisted laser spectroscopy e
i itivi i e ¢ Ta(z=73)
- Ulimate sensitivity and proper assignement for laser = O a
spectroscopy s b e
w Tl (z=81)
O Proposed cases: 74-181pt, 168-181| 151-170) |y 148-169y] 146-166Tpm This work
" ) ) ) )
O Most of them are feasible
O Some developments needed on the laser scheme
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MASS SPECTROMETRY @DESIR CZ;'B;EE%E
11 LETTERS OF INTENT DESIR

LOI 005 - SHN
E. Minaya Ramirez et al. . b :
LOI 029 - Cf bzt

E. Rey-herme et al.

LOI 006- Above Pb
E. Minaya Ramirez et al. : ;E LSIEEE

LOI 028 - Pt Ir i

V. Manea et al. i T,
LOI 036 - Lu, Yb, Tm SRR
A. de Roubin et al. T gty .
LOI 008 - Ba chain L L
S. Lechner et al. L

LOI 001 - 100-102G
P. Ascher et al.

LOI 045 - Cd, Ag, In

L. Canete et al.

LOI 020 - "°Br, "“Rb
B. Rebeiro et al.

LOI 008 - 32Ar

M. Gerbaux et al.

|
| .
I .
I L]
.
N N
= '4% g
=l S HEmEmE
I e § g
I ] | ]
L

1.0l 002 - L3-41C, 22-24Q), 24-25F
P. Ascher et al.
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LOI 029 - E Rey-herme et al : Lp2i
01 005/006- < smass ot o Regions of VHN and SHN Bordenx
NFSIR
|AE,.| (MeV)w| | lOwest 3- state
O Mass measurements provide anchor points to fix decay " g 1 B )
chains, in particular in the VHN and SHN regions N _/-/_/ }: 1
] . 1 \
-g 100 .=§ L 1 @ 600 |
E = 08 3
. . . . £ ‘ i@ 0.6 E i
3 Probe octupole deformation limit at high Z £ 90- EEE: u 5 PV
(237-244Cf and 233-240Cm) & 8 0.2 |
e T T T T 0 200 i 3 - Radon:(2=56) —¥— Plutonium (Z=34)
- masses, charge radii and low-energy spectroscopy 130 140 150 160 i » o Ry 2o~ e )|
Neutron number N ‘ B -+ Uranium -52)

S E Agbemava. et al PRC 96 (2017) 126 128 130 132 134 136 138 140 142 144 146 148 150 152

Neutron Number N

Q For lighter isotopes, such as n-deficient Po;: mass CollimatorEALLTRAP

measurements combined with in-trap decay spectroscopy
—> lifetimes of first excited nuclear states populated by
a decay (see E. Minaya's talk)

N=162 el

! .- Cooling trap Detector trap
]
]
N=152 i R EY Tin(9.5.) = 183 (5) ms
; LR w‘Sg i ”'Pb(“crﬂn)’“Sg

uuuuuu Mo M e

e e S e i esyeswoms| o SUper-heavy: 261-2635g are the first candidates for SHN mass
2o 2| |89 Hetroanioss measurements at DESIR (o = 2 and 0.3 nb)

Z =104 we—b - s EON o=03nb
“ v oo

- Beam/target development needed
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A FEW CONCLUDING REMARKS (Z;'B:Ee?ui
DESIR

1 PIPERADE is fully operational and will move next year

A Exciting program for MS at DESIR (first experiments planned for 2029)

- Collaborations/Discussions are welcome

- Campaigns on a physics case with masses, charge radii, nuclear moments,
spins and decay spectroscopy

(] DESIR needs SPIRAL1 and S3 !
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(2; LP2i
Bordeaux

DESIR

THANK YOU FOR YOUR ATTENTION |

LP2iB DESIR TEAM
P. Alfaurt, P. Ascher, D. Atanasov, B. Blank, L. Daudin,
M. Flayol, M. Gerbaux, S. Grévy,
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