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Some quick physics update

▪ nuclear physics, let’s talk nucleus

▪ nucleus: proton an neutrons

▪
12C or 14C, element Z=6 , 6 protons, then 6 or 8 neutrons

▪ in nature usually comes with electrons (neutral charge)

▪ as many electrons as protons, but charge states 12C2+

▪ nucleus are very small 

▪ ➔ quantum mechanics to describe them (energy quantified)
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Nuclear physics, between atomic and hadronic physics
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Nuclear physics, between atomic and hadronic physics

If the atom is Germany ➔ tables are the nuclei ➔ 99.9% of the mass is in the nuclei

Nuclear radius: 1.7 fm (H) to 11.7 fm (U) (1 fm = 1e-15 m)
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Physics at FAIR, universe in the lab

CBM/PANDA
APPA

NUSTAR
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Nucleus existence
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Nucleus existence

Binding energy, how stable
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Second order correction on stability – shell model
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Radioactivity – decay properties
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Radioactivity – decay properties
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Maybe I want to do more : accelerate

Particle in electric field Particle in magnetic field
F = q . E F = qv x B

Br = v. m/q  (Brho)

➔ Br a (A/Q).bg

1 electron accelerate 1 V
➔ 1 eV of kinetic energy
➔ use to accelerate (or deflect)
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Accelerator – quick comment
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Unilac: ~10 to 15 MeV.A ➔ 15% of the speed of light (limit of relativity)

SIS18: 1 GeV ➔ 88% of the speed of light ➔ need relativity for the equations of motion

300 MeV.A (LEB energy) ➔ 65% of the speed of light

SIS100: 30 GeV protons ➔ 99,93% of speed of light

Note: signal speed in cable 66% speed of light (standard) to 87% (high quality)

speed of photons in a plastic or optical fiber 66-68% speed of light

➔ this means the particle travel as fast as the signals they generate

Speed of light 30 cm/ns ➔means synchronization of device in the ns or sub ns range 

Some comments
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Build for their cosmology

Cosmology: explain how we came to be (not why)

All this looking at the stars (Babylonians had astronomical observations

embedded in their “divine cosmology”)
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Build for their cosmology

Cosmology: explain how we came to be (not why)

All this looking at the stars (Babylonians had astronomical observations

embedded in their “divine cosmology”)

➔ since we improve our observation/measurement of the cosmos
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LCDM model – CDM for Cold Dark Matter

▪ Big bang

▪ Cool down

▪ Hadrons

▪ Gas

▪ Stars

▪ More stars

▪ Us
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Gas + gravity : density to start fusion

▪ g
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Fe generation

▪ Now no more things to burn

▪ if massive enough ➔ send Fe in the interstellar medium

https://www.kiwico.com/
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Star - fusion

we burn up to Iron…

https://publish.illinois.edu/bdfields/files/2019/01/

SolarIsoAbsOddEven.png
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Seem to be linked to shell model
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R – process path

In second generation starts, when explosive events, high neutron flux 
➔ creation of heavy elements

Paths: competition between neutron capture and beta decay, needs mass and lifetimes
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Nucleus production since the 50s
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Pink is GSI
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Why the Super-FRS

▪ Use of UNILAC (…) GSI can accelerate everything from H to U

▪ SIS18 ➔ allows high intensities, 1 GeV.U

▪ SIS100 ➔ allows either higher energies or higher intensities

▪
238U73+ 18 Tm ➔1 GeV.U, 100 Tm ➔ 8.3 GeV.U,  2e10 p.p.spill in ring

▪
238U28+ 18 Tm ➔ 195 MeV.U, 100 Tm ➔ 2.7 GeV.U 2e11 p.p.spill in SIS18
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Super-FRS – 238U to 212Pb (238U+12C ➔ 212Pb @ 1.5 GeV.U)
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Super-FRS – general overview, changing 238U to 212Pb
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Super-FRS – general overview, changing 238U to 212Pb
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Super-FRS – general overview, changing 238U to 212Pb
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Beam come from SIS18/100 throught HEBT

▪ First thing : focus ➔ series of quadrupoles (100 Tm)

▪ keep beam on target same post
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Beam come from SIS18/100 throught HEBT

▪ First thing : focus ➔ series of quadrupoles (100 Tm)

▪ keep beam on target same post

Andre.holzner GNU free license
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Productions

▪ Target : nuclear reaction

▪ 1.1010 particle per second every 2 seconds of 238U

▪ ➔ target 3 g/cm2 (13 mm) thick

▪ heat deposition: 380 W in beam on

▪ Probability to have nuclear reaction:

▪ Charge state
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Charge state – or why we need 800+ MeV.U

▪ Nuclei in matter: 

▪ faster it goes more chance to loose electrons (>few 10 Mev.U)

▪ more charged it is higher chance to capture electrons

➔passing through matter creates an equilibrium of those two effects

▪ @1500 MeV.U for Uranium in matter ➔ 73% 238U92+,  25% 238U91+,   2% 238U90+…  SIS100

▪ @ 900 MeV.U, for Uranium in matter ➔ 46% 238U92+,  43% 238U91+,   9% 238U90+…

▪ @ 600 MeV.U, for Uranium in matter ➔ 21% 238U92+,  49% 238U91+,  28% 238U90+…

▪ @ 300 MeV.U, for Uranium in matter ➔ 10% 238U92+,  17% 238U91+, 70% 238U90+…

▪ @ 150 MeV.U, for Uranium in matter ➔ 0% 238U92+,  10% 238U91+,  73% 238U90+…

➔ for 212Pb after target

▪ @900 MeV.U for Pb in matter ➔ 71% 212Pb82+, 25% 212Pb81+ ,  2% 212Pb80+…

▪ @600 MeV.U for Pb in matter ➔ 49% 212Pb82+, 42% 212Pb81+ ,  8% 212Pb80+…

23.04.26Super-FRS why, how and for waht, -- Stephane Pietri 40
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Productions

▪ Target : nuclear reaction

▪ 1.1010 particle per second 238U (spill 1 s every 2 s)

▪ ➔ target 3 g/cm2 (13 mm) thick

▪ heat deposition: 380 W in beam on

▪ Probability to have nuclear reaction: 40%

▪ ➔ 60% of the beam stays 238U (6e9 ppspill)

▪ Fully stripped : 50% (3.109 pps) 238U92+

▪ Charge state: 40% (2.4 109 pps ) 238U91+ and 10% (0.6 109 pps) 238U90+

▪ 4.0 109 fission and fragment fission produced

▪ At the target production of 212Pb ➔ 161 particle per second!
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First dipole – Br selection

▪ Br a (A/Q) . bg ➔ dipole has an acceptance. 

▪ My reaction will produce 212Pb with a given momentum spread (0.6%)

▪ For fission ➔ (134Sn) it would be 3% spread 
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First dipole – Br selection

▪ Br a (A/Q) . bg ➔ dipole has an acceptance. 

▪ My reaction will produce 212Pb with a given momentum spread (0.6%)

▪ For fission ➔ (134Sn) it would be 3% spread 

▪ ➔ but what about angle. (134Sn +-20 mrad), 212Pb +- 6 mrad
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Super-FRS around the target

Target
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Dipole selection

▪ Br a (A/Q) . bg

▪ ➔ we want as big acceptance as possible

▪ ➔ we want as much selection as possible

▪ First dipole stage ➔ aim is to remove beam and charge state (and part of 

nuclear reaction)
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Slits and beam catchers

Intercept primary beam

(and fragments) with 

beam catcher

Between target and BC3, we pass from 1e10 pps to 3e7 pps ➔ reason NC magnets
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This is why target is so much shielded
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At this moment: selection Br

▪ Br very narrow (212Pb worst case scenario)

▪ More dipole will not help, we will redo the same selection
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Br – DE – Br method

▪ most fragments are not 212Pb, so if they pass through matter they slow down

▪ ➔ energy loss in matter a to Z2 . f(b) , this means slowing down depends on 

element

▪ this means shift Br distribution based on element number

▪ then we can re apply Br selection next magnetic stage
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Br – DE – Br method

▪ most fragments are not 212Pb, so if they pass through matter they slow down

▪ ➔ energy loss in matter a to Z2 . f(b) , this means slowing down depends on 

element

▪ this means shift Br distribution based on element number

▪ then we can re apply Br selection next magnetic stage

1e7 pps
7e5 pps

dipole
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Wedges and achromatic planes

achromatic focal plane
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Achromatic focus ➔ better selection

740 pps
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Super-FRS Br – DE – Br – DE – Br 
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Identification

▪ Now we need Br =  C (A/Q)bg =  Br0(1-(x4-Mx2)/D)
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Identification

▪ Now we need Br =  C (A/Q)bg =  Br0(1-(x4-Mx2)/D)

▪ Br0 ➔ comes from the magnet setting, M and D from the optic

23.04.26Super-FRS why, how and for waht, -- Stephane Pietri 56



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Identification

▪ Now we need Br =  C (A/Q)bg =  Br0(1-(x4-Mx2)/D)

▪ Br0 ➔ comes from the magnet setting, M and D from the optic

▪ x2 and x4 from the positions at FMF2 and FHF1 (SciFi or TPC)

▪ bg comes from the time of flight
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Identification

▪ Now we need Br =  C (A/Q)bg =  Br0(1-(x4-Mx2)/D)

▪ Br0 ➔ comes from the magnet setting, M and D from the optic

▪ x2 and x4 from the positions at FMF2 and FHF1 (SciFi or TPC)

▪ bg comes from the time of flight

▪ MUSIC determines Q ➔ A/Q and Q we know A
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Charge state – or why we need 800+ MeV.U

▪ Nuclei in matter: 

▪ faster it goes more chance to loose electrons (>few 10 Mev.U)

▪ more charged it is higher chance to capture electrons

➔passing through matter creates an equilibrium of those two effects

▪ @1500 MeV.U for Uranium in matter ➔ 73% 238U92+,  25% 238U91+,   2% 238U90+…  SIS100

▪ @ 900 MeV.U, for Uranium in matter ➔ 46% 238U92+,  43% 238U91+,   9% 238U90+…

▪ @ 600 MeV.U, for Uranium in matter ➔ 21% 238U92+,  49% 238U91+,  28% 238U90+…

▪ @ 300 MeV.U, for Uranium in matter ➔ 10% 238U92+,  17% 238U91+, 70% 238U90+…

▪ @ 150 MeV.U, for Uranium in matter ➔ 0% 238U92+,  10% 238U91+,  73% 238U90+…

➔ for 212Pb after target

▪ @900 MeV.U for Pb in matter ➔ 71% 212Pb82+, 25% 212Pb81+ ,  2% 212Pb80+…

▪ @600 MeV.U for Pb in matter ➔ 49% 212Pb82+, 42% 212Pb81+ ,  8% 212Pb80+…
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When bare particle passes in matter probability to capture electron➔

probability higher with Z and with low energy. 

In flight identification is possible only 

at FRS and Super-FRS for Z>65

This is why we use stripper foil between the musics:

If 10% to be miss identified in Z in a gas

➔ 2 music with stripper: 1% error

Strength of Super-FRS, identification at high Z
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How do we compare

FRS SFRS HFRS

stage 2 3 2

Br Tm 18 20 25

dp/p 1% 2.5% 2%

x ang mrad 7.5 40 30

y ang mrad 7.5 20 15

resolving P 1500 1500 700-1100

23.04.26Super-FRS why, how and for waht, -- Stephane Pietri 61
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How do we compare

FRS SFRS HFRS

stage 2 3 2

Br Tm 18 20 25

dp/p 1% 2.5% 2%

x ang mrad 7.5 40 30

y ang mrad 7.5 20 15

resolving P 1500 1500 700-1100
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NUSTAR

@SIS – (S)FRS
@SIS – (S)FRS

@UNILAC then @LEB

@UNILAC and future linac
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HI/DESPEC

▪ To study structure : check how excitation happens

▪ first excited state ➔ usually decay by EM transition (gamma rays)

▪ Best detector ➔ Germanium (eff/res) or LaBr3 (speed)

▪ Ge need cooling (lN2)

▪ for ES will be at FHF1
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DESPEC

▪ Produce nucleus

▪ bring it to the end of the 

spectrometer

▪ measure its decay

From b decay 34Al 

(in 36S+Be@LISE)

Isomer 128Sn, from 136Xe+Be@FRS

summer 2006 (A. Junclaus exp).
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HISPEC – based on AGATA

▪ Excite the nuclei in front of high precision gamma detector (secondary target)

▪ Identify what comes out (COULEX or few nucleon removal)

▪ doppler correct the gamma rays

➔access to prompt gamma, not always reachable by decay

➔access to gamma lifetime ➔

➔gives idea on nuclear shape (collectivity)
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Super-FRS EC (one of many topics)

New IC one for Super-FRS

MR-TOF allows mass measurements
S Naimi, PhD Thesis 

Universite Paris Diderot

Mass give view of where binding energy

changes
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Gas cell – as preparation for MATS and LASPEC

New IC one for Super-FRS

MR-TOF allows mass measurements

MATS and LASPEC measurments
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R3B

▪ Reactions at the end of Super-FRS (or FRS)

▪ Use GLAD to moment reconstruct products of reaction, trackers behind

▪ Use NeuLand to detect neutrons, CALIFA for prompt gamma/protons

Neutron

skin

EOS of matter
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… to answer how
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