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Realization of an RIB electron collider setup

The ELISe experiment

e 125-500 MeV electrons
e 200-740 MeV/u RIBs

=>» up to 1.6 GeV CM energy

- Original plans K4-K10 Dubna (1992)
Footnote: ,We anticipate a possibility to
extend in future the K4-K10 complex by
installing over the K10 ring a 0.5-1.0 GeV
electron storage ring. The very long straight
section of the K10 ring will be suitable for
arranging electron-ion collisions. This
would add a new important dimension to
the K4-K10 complex”

AIC option:
e 30 MeV antiprotons

FAIR
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Luminosity Monitor via photons:
Concept

position sensitive Luminosity| Effect, |Background
l-detector [cm-2s-] [kHZ] [kHZ]
23892+ | 1.0x10%8 6800 0.1-20
56Nj28+ | 3.3x1028 2100
69N 28+ 2.4x10%8 1500 Depending
7T1Njj28+ 4 5x1026 29 on achievable
vacuum
194Sn%0r | 9.9x10% 200 Conditions
5 lbarn] 132G 50+ 1.8x1028 3800 <~109mbar
b
aoosoomey) | 2L | O | 227 1335050+ | 4,5x1028 90
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Luminosity monitor:
technical realisation/prototypes/simulations

Kl Moscow —~
i V. Volkov (GEANT 4 simulations)
: & . | .. v Showers created in
Q RLIl:lL ™~ by 300 MeV gammas
L
s e _ _
p | 9@MmMaimaging:
= | INR-RAS Moscow

FAIR



- e

Selected isotopes...

Element Ty 2 (s) T(s) N L(cm=*s™")
pea 13.8 35.6 33 » 10° 2 4 % 102
*>Ar 1.75 4.5 5.9 x 107 1.7 x 10%
PNi 0.21 0.5 2.0 %10’ 4.0 = 10%
"INi 2.56 6.5 3.8 x 107 1.1 x 10%
PKr 1.29 3.3 6.2 x 10° 1.8 x 10%8
B2gn 39.7 68.2 6.5 « 10° 1.9 « 10%®
| 1.4 3.5 6.9 x 10° 2.0 x 10°°
“4Fr 199 59.2 3.0 x 108 8.6 x 10%7
=8y 10"/ 60 3.4 108 1.0 x 10%8

Impact on feasability close to summary!
Obtainable rate at collider different from fixed target

« 2 Cross section & detection efficienc
s 4 FAIR
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Fixed target vs. colliding beams ...
- trying to get through the eye of the needle '

J

» Target and scattered off particles can be detected
=>» excitation and deexcitation process is studied

« kinematical focusing
=» solid angle
=» Mott cross section enhanced (small angles)

 luminosity for unstable nuclei (no target)
=» 100pm x 100um interaction area
vs e.g. dilute ions ina trap

FAIR
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In-Ring spectrometer in the Bypass
CEA-DAM Bruyeres-le-Chatel, JINR Dubna, GSI (FELISe = SOFIA)

Ongoing: energy loss
goihg detector (MLISIC)
Detector Neutron tirme of flight _—
prototype Detector }; detectors - interaction zone
developments ' -
SOFIA@ w «—— actinides
R3B-Cave-C | | | W= = from NESR

P

position detectors Hquadmpnle

1/ dipale

5.0 1m

Most demanding physics case: Electrofission studies (FELISe)
-coincident identification of both fission fragments (TKE)
-prefragment excitation energy directly accessible (e,e'f)

FAIR
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Advantages: colliding beam kinematics 4@

- compared to conventional (fixed target) experiments (L = 103132 cm-~2st)

;s S. Strauch et al., PRL 85 (2000) 2913 Fixed target Collider 1.5GeV
10 I S B R —

%\ B 48 | 48Ca(e,e'n) 48Ca(e,e'AY)
2 Cale,e")
> L E,=88MeV Q, =100msr 100 Q, ~4n
J O =40°
a 10’ e
e 10 r 7 Nert =20 % 5 Ny ~100 %
o 1 e.=40° 50 |@.=5°
9, 480 (e,e'n) ¢ ¢
c o ale,e'n i
E ) >104
Y comparable/_\

10“4 | | W | |

g oS5 10 15 20 25 L=10%1-10%2 cm2s?! L ~10%"—1028
Ex (MGV) SCRIT ~10%¥/ETIC ~10%0 ELISe ~1028

=>» Large effective lumi. through kinematics
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Kinematics: trade luminosity vs. resolution “@

f=pa/Es, 6=+/(1-F)/(1+f), =0.3@ 740 AMeV (e:500MeV)
=» Electron scatt. @1.64 GeV

Fixed target Collider
Conventional kinematics (fi =0) Counter-propagating beams (i = 0)
Scattered electron momentum
Pe — pe—E* po — p.—oE*
& ——j e =
]+2I"H43 sinzé ]+2p'3;fp“* r‘isinzg
Momentum transfer = |arger mom. transf.
. o . ol .
4pZsin’ 4p2sin’ at given angle
2__ 2 2 _ 2
! C1e2Pegin?l ! 1a20PPa g2l
T 2 M 2 _
Resolution (momentum dependence) &= worse resolution
- Pe ;29\ Ap. (L oPe=Pa 20N,
ﬂ-.JE‘*‘w—(]+2Msm 2)&& ﬂ-.JE"‘m—(a +2 M sm2 Ap.
Resolution (angular dependence)
AE* = %im}m} AE* == _%mgm}

GS FAIR
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Where’'s the challenge ?

Monte Carlo Simulation: AE* = 1 MeV

Cola++, Simul++ (H. Merkel, Univ. Mainz)
: : . | I
Pure kinematics calculus: ppE—— PP
E. = 500 MeV E. = 500 MeV
- . . ang. res. 1 mrad ang. res. 1 mrad
e colliding beam kinematics Aplp 10~ Aplp 10~
e angular and energy resolution 5 | .. e
COUp|€d % 2 mrad @ 300 MeV/u
» achievable resolution can be §
improved by getting the “target” £
to “rest” 2 e
. . 2107 @ 100 MeV/u
=» reduced luminosity

0 2 4 0 2 4
Mmiss (MeV) Mmiss (MeV)

FAIR
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Electron beam constraints

4104
Synchrotron
341074 radiation
=y
;:3: 21074
A0 4
Ll Intra-beam
scattering
100 200 300 400 500
E (MeV) /

=>» Trade resolution vs. Luminosity
: (see also Petr Shatunov's talk) FAIR




Possible realization of the ELISe v
experiment at the ESR (study at different beam energies)s

Walls of

P. Shatunov, .
Internal report )=
(2012/13) B |

Figure 9. Beta ([}, cm) and dispersion (¥, cm) functions of stretched ESR (1 half) < - @ _ : pi ‘ i
in the collider mode. 5 P les - . A ! i

GPA Berg et al.,
NIM A640 (2011) 123
NIM A659 (2011) 198

ELISe Collaboration
NIM A637 (2011) 60
| 4

-~ FAIR




Main consequences:

e Lower ion energies (e.g. 340 AMeV vs. 740 AMeV)
- less maximum luminosity ( tune shift ~ factor 3...4 )

* High resolution (stochastic and electron cooling)

e Favourably injection from SuperFRS via CR into ESR:
bad injection efficiency for non pre-cooled beams

=>» viable programme with ~10° less particles only for the most
exotic species at the outskirts of the nuclear chart (flat top for
Isotopes close to stability)




Expected Luminosities (NESR)
- and related physics programme

N—> @pEDEOEEN
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1025cm—2s-!
10%4cm—2s-1
1023cm—2s-!

1022¢m—2s-!

Quasielastic (spectroscopic factors)
Inelastic ( e.g. GR studies)

charge distributions

28

26

1

25—

28
26
24
22

Luminosity 10% c¢m

28
26
24
22

28_ CoCOQ00000000D00g
= 26 ‘
24 -
Helium Tsotopes g 2 . Nickel Isotopes o
\ \ | | | | | \ |
=2 3 4 5 6 7 8 Z=28 55 60 65 70 5
B 28_ QODDDOGCOOGCODGGOOOCUDGC OOOO
a
L 2 -
- UL 6
I Beryllium Isotopes L Tin Isotopes
| I I | i | | | | I |
Z=4 1 8 9 10 1 12 Z=50 105 110 115 120 125 130
e o 0 90 0 0 0 5]
= W o o ©o © o o o 0 0
4]
0 % o 26 L
i up o
Calcium Isotopes Uranium Isotopes
o | I | | | I | | | a | | | | | |
=036 38 40 42 4 46 48 50 52 =91 226 228 230 232 234 236 238

Mass number A

Full simulation of production,
transport and storage




Physics programme via rate estimates

26 T. Suda, H. Simon / Progress in Particle and Nuclear Physics I (1) INHIN

Table 2
Estimate for the required luminosities for different studies in colliding beam kinematics. It is assumed that the maximum running time shall not exceed
four weeks.

Reaction Deduced quantity Target nuclei Luminosity £
cm? 5!
Elastic scattering r.m.s. charge radii Light 10%
at small q Medium
First minimum in Density distribution Light 10
elastic form-factor with 2 parameters Medium 10%
Heavy 10%
Second minimum in Density distribution Medium 10
elastic form-factor with 3 parameters Heavy 10%
Giant resonances Position, width, Medium 10%8
strength, decays Heavy 10%
Quasi-elastic Spectroscopic factors, Light 10
scattering spectral function,

momentum distributions

ﬁm
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Summary

« Electron(Antiproton)-RIB Collider is feasible -
collider mode provides optimal use for RIBs.
Large gain factors are expected (via kinematics),
these would enable especially also inelastic scattering studies (detection).

=» Conceptual design for all major components (at NESR) done

=>» Options for running at the existing ESR studied (i.e. exp‘s at lower energies)

Trade achievable rates versus luminosity

« Unique experiment for FAIR (and other facilities with storage rings)
- DERICA

http://www.gsi.de/elise/

GS FAIR
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High-energy photon beam production with

Ot h er | d eas ... laser-Compton backscattering

e Laser systems

=> Compton
backscatter

Emax: 4 y2 ELASER
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Direct comparison
=» looks promising

e beam current (425 mA @ 500MeV)

o laser intensity (~1Wcw/1-6eV)
 overlap/angular spread straight sec. ?
* shown: 10mA/1GeV on 0.5 W/1.168eV
Nd:YVO,

newSUBARU

~ 1.5 Ge¥

| Cabeulation with EGS4] |

i —— Lorentz line
= {Cross section

Phaton Energy (MeV)

Cross secti 2

Photon Energy (MeV)
=

8 & - B

de/df2 (x10° bisr)

g =

Sl P |
8 10
Photon Energy (MeV)

1 L.
Scattering Angle (mrad)

Scattering Angle (mrad)

Photo-nuclear reaction
E1l (GDR) ¥¥’Au

FAIR
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Saclay WS, France

First Physics Data from the SCRIT facility  , //,: 57 50/

Yields

—e— Exp., Ee=150MeV

drepha, Ee=150MeV
assuming L=8.5e+26 [cm?s]

Ee =150 MeV

132X e(e,e’)

102

10

First electron scattering data
for (stable) Xenon nuclei. o

do 21 21
L a0 [(em™ s ) (em“sr-1)]

m“'\a
praV ™

Yields

'I.Ifl'jZ

~107 ions on the electron beam —
"':v.‘ — e Exp., Ee=200MeV
BURSMAEEARICEARR CNIESHAREYS g drepha, Ee=200MeV =~
7 P F— i = ‘g
5470 RBERNBES+— ; 10 assuming L=1.2e+27 [em®s’]
s s S |7 Ee = 200 MeV
=
First result of the SCRIT electron scattering facility =)[®
"U_]-u 10-1

Prof. Kyo Tsukada
(Research Center For Electron Photon Science,
Tohoku University) 1 0—2

We constructed the SCRIT electron scattering facility at RIBF in order to realize electron scattering off
unstable nuclel. Electron scattering provides the most powerful and reliable information about the structure of
atomic nuclel as demonstrated for stable nuclel in the latter half of the 20th century. Mearwhile electron
scattering with unstable nuclei has not been realized yet since it is difficult to prepare these nuclei as the target
material due to rare and short-lived features. We have inventad new target forming techniaue named Self-
Confining Radio-lsotope lon Target (SCRIT), in which nuclei of interest are three-dimensionally trapped as a
target along the electron beam axis. The luminosity reauired for elastic electron scattering (10727 [1/cm™2/s])

was achieved with only 1078 target ions,
In this seminar, | will report the first result of electron scattering from

132Xe at the SCRIT electron scattering facility and some future prospects.

|
Yields
—e— Exp., Ee=300MeV
~———— drepha, Ee=300MeV
assuming L=1.3e+27 [cm s

Ee = 300 MeV

g

* The talk will be given in English language..

do 2.1 2 -1
LdQ [(em™s ) (emsr-1)]
o

Jul.1 ‘l‘uv]{Tue_ }201 T 13.30~ Contact. foef;b!tﬁcs :S‘emar Organizing Committee
RIBF Hall (rm.201), RIBF bidg. RIKEN Joooclbihonl 102

Kyo Tsukada SN
25 30 35 40 45 50 55 60

scattering angle [deg]
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Further Systems

A R —

ETIC (Electron-Trap ollider)
'. * Working group started at CEA/IRFU within [GANIL2025]discussions on a
possible electron-ion collider started )

» SCRIT concept matches well GANIL settings (continuous injection / low energy)
* ETIC goal: gain a factor > 100 in luminosity w.rt. SCRIT
3 Greatly expand accessible types of reactions and reach in N/Z

( - N \ N Open up exciting areas of potential physics research
Seminaires du SPh

_ _ s
| o . L~ 103%cm~?s-1
Etectronfradioaktiveiion collisions
Atelier ESNT
du 25/04/2016 au 27/04/2016 ER_L I NAC
Bat 703, p 135 salle visio-conférence, CEA Saclay, Orme des Merisiers 9 15)(15 umz
g?tiijlsg?lf of the "Espace de Structure et de réactions Nucléaires Théorique" (ESNT), the workshop E|€Ctl’0n beam SpOt

"Electron-radioactive ion collisions: theoretical and experimental challenges”
will be held in April 25-27th at CEA-Saclay, Orme-les-Merisiers site.
The goals of the project are:
1. To review the past achievements with electron scattering on stable nuclei
2. To discuss observables, and state-of-the-art theoretical methods to estimate them
3. To stimulate reflections on new ohservables that can be measured using electrons as a prohe
4. To present the SCRIT machine and its recent results, and the ELISe project
5. To discuss challenges for the ETIC project.

For details about the updated program, see the ESNT Webh site http://esnt.cea.fr >> Ateliers 2016
For further information, please contact the local organizer of the project: V. Soma (SPhN).

http://esnt.cea.fr/Phocea/Page/index.php?id=58
Contact : Valerie LAPOUX
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System design: Collider
-TDR prepared

. The Electron-lon Scattering experiment ELISe at the
. International Facilitv for Antiproton and lon Research ,
(FAIR)|- a conceptual design study : 7 s 95

s A N. Antonov, M.K. Gaidarov, M.V. Ivanov, D.N. Kadrev
5 INRNE-BAS Sofia - Bulgaria éﬂ
. M. Aiche, G. Barreau, S. Czajkowski, B. Jurado LINAC
7 Centre d’Etudes Nucléaires Bordeaur-Gradingnan (CENBG) - France
G. Belier, A. Chatillon, T. Granier, J. Taieb ELIS -
8
e collaboration
0 CEA Bruyéres-le-Chatel - France !
0.08 i
‘fl,;.,”‘f‘ - — 5.0 1:,1“" — 20 i
Sl L= "= E
# — Tagy . -t g = 004 7
— — =g «<moilly ° S
— fragment cone 4+ RIBE | ! — RIB 2 po2 4
! =pt
e scepnee
0

8
Figure 6: Interaction zone with the interaction point [P in the bypass section of the NESH.
Lo L —
& Figure 1: Charge form factors (pansl (a)) caleulated in DWEBA and HF+BCS praoton densi-
ties (pansl (b)) for the unstable doubly-magic 56N (dashed line), stable B2 (full line) and
E 5 . unstable "™Ni {dotted line) isatopes [7).
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GPA Berg et al.

Vertical
Dipole
Magnet (VM)

Maximum rigidity Bp
Minimum rigidity Bp

Angle acceptance, azimuthal
Angle acceptance, polar at 11.4°
Angle acceptance, polar at 22.7°
Energy acceptance

Resolving Power E/AE

Angle resolution

Kinematic compression factor

2.2 Tm
0.3 Tm
+150 mrad
+24 mrad
+70 mrad

igh' resolution

Butterfly Magnet
(Pre-deflector

Hexapole Quadrupole
Magnet (MH) Magnet (MQ)
K
z
GPA Berg et al.,
NIM A640 (2011) 123

FAIR
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GPA Berg et al. = T. Adachi et al. e energies: 125-500 MéV
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Current status with respect to the MSV

- NESR IS delaxed

Fn gL "~ | Gebaude G018/ LO5016A |
: L pa g [ Gebaude 7104/ k0410 |
Rlng faCIIIty * | Gebaude GoogA / 10321A |
HESR/CR/ESR/ Gebaude GOO6 / KO308A |

Cryring complex
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The ELISe collaboration
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High-energy photon beam production with

Ot h er | d eas ... laser-Compton backscattering

e Laser systems

=> Compton
backscatter

Emax: 4 y2 ELASER
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Ti:sapphire '
(triplad)

235-330 nm
248-270 nm
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0.2-0.4 pm
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INFRARED 3 3 MID-INFRARED

904-1065 nm

Dyes 550
0.38-1.0 pm

INnGaAlP

iclol_.t‘b‘h‘a}j} : :
Alexandrite 350-460 nm 630-685 nm InGans —— 5-7 pm
nGaAs ;
DF chamical

(doubled)
1.27-1.33 pum 5.6-2.0 um

360-400 nm
InGaMN 1.43-1.57 pm
270-493 nm Saalhs Ti:sapphire Fostearite HF chemical
750-850 nm g305.1130 nm 1.13-1.36 pm 2.6-3.0 um
AlGainfAsSb
1.87-2.2 pm
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Direct comparison
=» looks promising

e beam current (425 mA @ 500MeV)

o laser intensity (~1Wcw/1-6eV)
 overlap/angular spread straight sec. ?
* shown: 10mA/1GeV on 0.5 W/1.168eV
Nd:YVO,

newSUBARU

~ 1.5 Ge¥

| Cabeulation with EGS4] |

i —— Lorentz line
= {Cross section

Phaton Energy (MeV)

Cross secti 2

Photon Energy (MeV)
=

8 & - B

de/df2 (x10° bisr)

g =

Sl P |
8 10
Photon Energy (MeV)

1 L.
Scattering Angle (mrad)

Scattering Angle (mrad)

Photo-nuclear reaction
E1l (GDR) ¥¥’Au

FAIR



Electron scattering off RIBs
-a few good reasons

1.

Clean pointlike electromagnetic probe
- no nuclear background
(as in conventional scattering experiments)

Sensitivity to charge distributions
- higher moments of charge distributions (density <>wf.)
- absolute charge radii (ab initio calculations)
- Deformation vs. Clustering for (very) proton-neutron
asymmetric nuclei
(facilitated access compared to conventional methods)

Transition form factors
- additional information to plain spectroscopy

ﬁm




Elastic Scattering

change in interior...

300 MeV e fixed target

# — no bubble
1 el e S bubble
10
S 1 : i
& 5
g
10 -
33 |

10 -4i46AI'

0 (deg.)
Ar: inversion (2sy,, 1ds,)

i
920 40060 80 N0
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E. Khan, M. Grasso, J. Margueron, N. Van Giai

PII: S0375-9474(07)00802-0
DOI: 10.1016/j.nuclphysa.2007.11.012
Reference: NUPHA 17421

To appear in:  Nuclear Physics A

Received date: 3 July 2007
Revised date: 20 November 2007
Accepted date: 24 November 2007

Please cite this article as: E. Khan, M. Grasso, J. Margueron, N. Van Giai, Detecting bubbles in exotic
nuclei, Nuclear Physics A (2007), doi: 10.1016/j.nuclphysa.2007.11.012

Nucl. Phys. A800(2008)37
Phys. Rev. C79(2009)034318
[nucl-th] 1311.4412 (2013)

L=2.7 x 108cm=2 s

=» Absolute measurement
=» Charge distributions
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... VS. valence or surface structure.

“I’Ne is a proton-dripline nucleus,
with strong indications of having a 2p — halo”

Zhukov & Thompson, PRC 52 (1995) 3505

W. Geithner, T.Neff et al, PRL 101 252502 (2008)

— matter
— - proton

--- heutron

* Syp = 943 keV, S, = 1479 keV Rl T -
* Ty, =109.2 ms (B* to *'F) S [y //\\ _

» Groundstate J*=1/2-; no bound exc. States

~50% Probability . T im . . .
outside classical forbidden region 0 2 4 6 8 10
« Indirect measurements not always conclusive r(fm)

] 36



Novel Opportunities @ FAIR, RIKEN, FRIB,TRIUMF, GANIL, ...

Ground breaking 20170704

o

Intensity increase 3-4 orders of magnitude !
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Further improvements ...
T. Adachi, GPA Berg, et al.

E Distance from the center, x [m]
f o2 )

{00 L 1 11 150 .
0.0 0.2 0.4 Ok([im] 0.8 1.0 1.2 g - neW design
T. Adachi et al., £ e |
Nucl. Inst. Meth. A659 (2011) 198 27 Mo |
doi:10.1016/j .nima.2011.06.081 %im' ’ . f
=>»Nno correction coils needed E B s A
2 / IID EICI E‘:D 4ID SICI 6ID 70

IE5S N Clamp She” Electron Scattering Angle, © [deg] R



E.g. =5
R3B Time-of-flight detector prototyping -

Performance goals:

i i Detector
* Time resolution o/t = 2E-4 |
(< 0,=20 ps for 20 m flight path at 1 AGeV) ayout

» Energy resolution o /E = 1%

» High-counting rate capabilities (~1 MHz)
» Large dynamic range (up to Pb-U).

* FPGA based TDC readout (AE via ToT Techniques)

N | |

Afomic number Excellent time -
O e o and energy |
resolution at
high rates

Counts

F | x*inar 6874017
[ | Constant 1.5792+14 + 354332+

| Mean 2761+ 0.00

Skgma 0.2309 £ 0.0005

10°E

Prototype
Rate / kH / det i studies
ate L Oy s t'?'t ’ Ps
b 5 1 14 @ Cave-C
some 59 41 14 08/2014
375 45 16 10/2014
1000 64 23

GSI Helmholtzzentrum fur Schwerionenforschung GmbH
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Inelastic Scattering @ forward angles 4@

—>compared to conventional (fixed target) experiments

z S. Strauch etal., PRL 85 (2000) 2913 Fixed target Collider 1.5GeV
10 I S B R —
S B 48 . 48Ca(e,e'n) 48Ca(e,e'A")
2 Cale,e")
> b E =88Mev Q, =100msr 100 Q, ~4m
J O =40°
o 10° | ¢ i
E “\R\W‘ neff :20 % 5 neff -~ 100 %
— i | ]
% ----------- — ®,.=40° 50 ®,.=5°
%m - [ 48@@(
AN ?«ggyl >10¢
S T [
© 10_4 \ \ “lnll
0 5 10 15 20 25 L=1031-10%2 cm?2sl L ~10%

£ (MeV)

=» Large gain through kinematics
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Associated LINAC and injection scheme | 4@

P. V. Logachev, D. Shwartz, P. Shatunov, |I. Koop BINP/Novosibirsk
INTAS open call 2005 -2007/ FRRC 2009-

n O Of Of O¢ 0% 40

Electron Linac L %5 ‘ll{@ tingrbears
[ 5 - __._-.l ——
) 15 ].1 = 1 s %0 i A Sepfym T icke:
‘T’“— e el it ok N | Lt ol 15 |— Inj] _\r‘
g [T |_| |
{ r 4 LY _
. ! EAR \ £
' ) <
AN i <
Y e ’
g T Specometer g
e o=y
A

00000

Injection
scheme

LINAC:

10 Hz repetition

<5*1010e-

135-525 MeV LIL I
Paper in

& Interaction region design oreparation FAIR
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Design of the associated interaction zone

D. Shwartz, P. Shatunov, |. Koop BINP/Novosibirsk
INTAS open call 2005 -2007/ FRRC 2009-

Overlap of the two beams /{ EAR R
150pum x 60um e

Emittances 50 ym-mrad

+- 1.5% momentum L
acceptance and dynamic i

03} dp/p=4200;

apperture dplp=-200;

Accepted cone &
+- 20 mrad for fission
fragments ... ST

01r
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Design of the associated interaction zone !
D. Shwartz, P. Shatunov, |. Koop BINP INTAS open call 2005/ FRRC

e Overlap of the two beams (e«'ﬂ“ ”H"»\
150pm x 60um J EAR \
« Emittances 50 pym-mrad ; ;
e +-1.5% momentum A
acceptance and dynamic =~ ®=T= " femsEm
apperture
. Accepted cone of s
+- 20 mrad for fission f«
fragments ...

~08 ~04 ~02 00 02 04
X, em
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Example: ToF set-up 4@
= prototype SOFIA@R3B-CaveC J. Taieb et al., CEA Bruyeres-le-Chatel

 Most demanding part : 35ps FWHM needed

S. Nishimura et al., Nucl. Inst. Meth. A510 (2003)377

o Very fast plastic stripes
(Eljen Technology: EJ-323 0.25% quenched 43ps rise time)

—T,:30x150x 0.5 mm?3 (2 x 5 paddles)
— T,:30x 300 x 0.5 mm3 (2x 10 paddles)

 Fast PMT (H6533)

* No light guide/grease

[




resolution (FWHM) - ps

10

,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,

— ]

20

30

e-beam intensity (au)

Compatible

Readout electronics:
TACQUILA

+ BuTiS/White Rabbit

TDS



-GN
Precision timing (<50ps)
vs. Campus Clock

J. Hoffmann, K. Koch, N. Kurz, W. Ott
P. Moritz, C. Caesar, H.S.

0 1 2 3 4 5 6 7 8 9
J- e,
£e | |
N ., ~— several 100 m ] ;
© o chidetA ch.jdetB
 synchronized precision - XX Tacquila system
oscillators 17ps R.M.S gl oon (ASIC FhG/GSI)
(abs.100ps/km, <1ps jitter) { oo
] New systems
- (ASIC dev. GSI

a3 FPGAbased TDC)

timing difference of two channels on one card / ps

... you can measure ToF over long distances !

FAIR
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Kinematic Range

Momentum Transfer: / / p_e inGeV/c

g: 20 to 600 MeV/c ——-0.05
==0.1

-x=0.2
==0.3

-¥-04
~§-0.5
e 0.6

Scattering Angle Theta in deg
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s :
Quasielastic scattering 4%

- 2"d generation experiment

15mg/cm= C target/ res. 300keV

« Not hampered by nuclear w_—} 3 “C (e,e )ﬂ
reaction mechanism; _— " 9 105==pm-:135 Mevic ‘
like (d,3He) or (p,2p) '~ N} 3 -

%’ 'If 178 5x 35.02 MeV L

=» spectroscopic factors / T s ' -2'12¢Mev % ﬁr i

spectral functions = 10 = A sa s 3
2 30 Y :
» Spectrometer resolution N \ ++ * | I
requirements moderate — | | b
'%10-9_: \ ]l’ ‘i M 3
e cross sections small (Yb) wi ] | ﬂ ﬁl“ 'U ‘| Hl . E
w ] |"' ‘1 "; II\ | |'I |\‘ B
e Rates: 0.1-10/s (10?%2°cm-2s-1) 1 N ||-! i '” il ‘ 1
3 days 25-2500 KEv. - E, [MeV] |

Phys. Rev. C32 (1985) 1787 FAI R
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Cross section

a2V [

P0leep) (1sy,)" | o 0/dE, 00, dE d2, (MeVsr)

6, (degress) J. Vignote

=> proton detection [160,164]°

GS FAIR
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Kinematics

f=pa/Es, 6=/ (1=F)/(1+f), =0.3 @ 740 AMeV/500MeV
=» Electron scatt. @1.64 GeV

Fixed target Collider

08 | | | | | |
Conventional kinematics (f=0) Counter-propagating beams (f =0) 07 Egﬁf:nl I
Scattered electron momentum 77 momentum A
—F 5E" § [GeVic]
Pe=—"—7 P 7 g "] o '
il _ < n
1+270sin"S 1+2— 55“12 S 05{ — 05 =l
Momentum transfer E — 04 .
()] B X 2| D
4p§sin2§ ) 4p§sinzg é 04 zz % e
 =—"7T"———F q = T | ‘ 2 o
1420 sin2! ]+2r‘:r—'r"E PA Gin2! E 037 —m o1 = 4
M 2 M 2 9 —8— 005 ) e
Resolution (momentum dependence) g 02+ N e Sl
N Pe . 20 (1 Pe—Pa {J) _ NP
&E‘w—(]+2Msm z)ape Mw—(& 2 M sm2 Ape 011 i o o l—
Resolution (angular dependence) 0o é-gz__ —1
AE* = Lﬁsmﬂm} AE* =~ %mgm} 0 0 20 30 40 50 60 70

Scattering Angle © [deg]

GS FAIR




roton beam measured with a Nal crystal

Proton beam:
| « E, = 460 MeV — 451 MeV @ Nal
& « E, =350 MeV — 339 MeV @ Nal
B . E, = 250 MeV — 237 MeV @ Nal §
@ Nal |

I
i

* length = 20cm

» absorbs up to 274 MeV protons
= « additional readout: bypassing the
last amplifying stage of the PMT
— gain factor reduced by = 100

-

| ";'
e
Ls

L

el etiel

14

L BLAR
\ \ »

1 4 ’/ﬁj.

P A N

ks s o

Felix Wamers

p.__.'f:!:_




Entr?:smtm;gsaii M
Mean 882.3
protons penetrating RMS 2339 protons penetrating
19 &GE = 142 MeV mean: 1550 ch 10| GE = 178 MeV
. sigma: 71ch -
10% 102

10

Hlmn '

500 1000 1500

2000

4.5 9% resolution

2500

3000

3500

4000

protons stopped
10°| @&E = 237 MeV

10?

10

VIRA N

1000 1500 2000

hproton3

Entries 24369

Mean 705.9

RMS 939.8
mean: 2400 ch
sigma: 34ch

1.4 % resolution

2500

3000

3500

4000

10

Ay -~ 3

Raw spectra of protons in Nal crystal

hproton2

Entries 24888

Mean 872
RMS 874.2

mean:
sigma:

1875 ch
90 ch

4.8 % resolution

0 500 1000 I 1|5OlIJ I IZIDOO 2500 3000 3500 4000
_m hproton4
Entri::) 0"22367
Mean 481.5
protons stopped RMS 766
10°| g4E = 185 MeV mean: 2006 ch
C sigma: 26 ch
102

10

0 500

1000

1500

2000

2500

1.5 % resolution

3000

3500

4000

Felix Wamers
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Resolution concerns ...

* negative p,,:

1:1 correlation 700 1300
T, resolution 650 1200 |
corresponds to 600 T 1100 |
achievable E,, 0y _
. = 500 | = 1000 -
resolution. 2 2
Lo 450 r o 900 |
. 400
* positive p,,: 800 -
. 350
T, resolution 700 |
300
can be about
. 250 1 1 1 1 600 1 1 1 1
fwice worse -500 -400 -300-200-100 O 0 100 200 300 400 500
Pm (MeV/c) Py (MeV/c)

FAIR



Courtesy T. Suda / Sendali

RTM : Race Track Microtron
Electron energy © 150 - 700 MeV injector + ISOL driver
stored current © 300 mA (as of today) |50MeV/0.5 mA peak/2 ps pulse ||
beam life time * 2 hours o o "

Rls from an external

Self Confining _tonsouree
RI Target / SCRIT

/
g V4

== _
Racetrack Microtron’

rd

/

Ap/p~10-3
dQ~100msr b

1026 | 1027 (1028 [102° [103° [1037 | 1032
) o (/cm2/s)
e o +
€7, g 8 o2
' L8 s & 2. 8%
Electron 2ESSE £S5 wl 5
S30038 83 SE =8
Spectrometer oo 250 O TL E£Eo
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Inelastic scattering in the eA collider

|

1 MeV/u

FQ(Q) nuclei
E,
(E,9) light —
10— medium —
heavy —

Giant Resonance

decay

P, N, O
n,p, ot
fission,n

—

Strength

* Excitation energy is

measured directly

(below and above particle tresh.)

e momentum transfer =»
multipolarity of transition can
be determined

* final state identification with
very high efficiency
(e,e’X) > (e,e’'A) =>
suppression of elastic radiative
tail (no background)

=>» Full measurement with purely
electromagnetic probe
(no nuclear background as in

Coulomb excitation)
FAIR
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