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Realization of an RIB electron collider setup

The ELISe experiment

H. Simon ® EMMI - Eisenach

Haik Simon ¢ GSI/ Darms-téﬂ

* 125-500 MeV electrons
» 200-740 MeV/u RIBs

= up to 1.5 GeV CM energy

- spectrometer setup at the
interaction zone & detector
system in ring arcs

- Part of the core facility
http://www.gsi.de/fair/reports/btr.ntml

AIC option:
« 30 MeV antiprotons
- detector system in ring arcs

- schottky probes
FAIR



With our best regards
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We address the future... e e’ bl

Chairman FAIR ISC Chairman FAIR AFI Chairman FAIR STI b
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& 09 % ®® @ ® ©

. Handing in of preplanning documents to hbm
’ Clarification of user requirements Modularized Start Version (MSV)

’ Start revised preplanning for MSV

’ Expected approval of revised planning for MSV _ . F _\ | R
Facility for Antiproton and lon Research
’ Preparation of documents for building permit

Dr. Jacek T. Gierlinski

‘ EKPEC!E{] apprﬂva| for {Panial} bLlIldIl'Ig FI'EITI"IIt Chairman of the FAIR International Steering Committee
T Start site preparation (clearing trees)

\/> Warsaw, April 7, 2010
.. Award contracts on civil constructionwork lot 1 ... 4

\'&) To the Delegates to the FAIR International Steering Committee

@ Completion of civil construction work lot 1 . To the Delegates to the STl and AFI Working Groups

\1\;} Start installation of accelerators and detectors

The picture above shows the envisaged road map to obtain the FAIR Site & Buildings permit,
focussing on the appropriate steps in the upcoming two years.”

E=I H. Simon ® EMMI - Eisenach FAIR
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We'’re PHASE B

still

G5! - Plancksiralle 1 - 54257 Darstad - Dewtschiand

GSIl Helmholtzzentrum fir
Schwerionen GmbH

Dr. Haik Simon
Kemreaktionen
Planckstralte 1

64291 Darmstadt

Dear Dr. Simon,

FAIR

FAIR
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and lon Research
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Scientific Director FAIR (des.)
Prof. Boris Sharkowv

FAIR Project Offica
Dr. Simone Richter
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February 26, 2010

We hereby reconfirm your designation as Machine Coordinator for the following
FalR-Accelerator/Accelerator-related Experiment- nfrastructurs:

ER

In spite of the fact that the accelerator’accelerator-related experiment-infrastructure
ER is not part of the FAIR Modularized Start Version, the FAIR Management would
like to keep all machine coordinators in charge.

We want to keep you fully informed akbout the next planning steps, so when any of
the modules 4 — 6 can be realized, the planning can continue.

Kind regards,
Al sipee
Prof. Boris Sharkov Dr. Simone Richter Dr. Dieter Krémer

<

Prof. Zbigniew Majka cc: Dr. Thomas Aumann, Prof. Dr. Karlheinz Langanke
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The Ring Branch (schematic)

Collector Ring t | hot fragments from
bunch rotation Super-FRS
adiabatic debunching
fast stochastic cooling
experiments

NESR
electron cooling
experiments

RESR
deceleration (1T/s) to 100 - 400 MeV/u

P.Bellert, A. Dolinskii, B. Franzke, M. Steck FAIR
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Why electron scattering ?

Pointlike, pure e.m. probe =

» Formfactors F(q)
- elastic scattering

* F,(q) transition formfactors
- excitation energy E*
- high selectivity to certain
multipolarities
- access to interior
- inelastic scattering

Large recoil velocities
- full identification (Z,A)
complete kinematics

Physics goals

Charge distribution of exotic nuclei
(radius, diffuseness, higher moments...)
req. luminosity: about 1024 cm-2 s-1

Selective electromagnetic excitation
Full identification of electric & magnetic
multipolarities and of the final state

( new collective soft modes)

req. luminosity: about 1028 cm-2 s

Quasi-free scattering
(single-particle structure)
req. luminosity: about 102° cm-2 s

H. Simon ® EMMI - Eisenach F A | R
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Expected Luminosities

= Full simulation of production, transport and storage

N—> pEaEECOEEN

102%cm—2s-1 Quasielastic (spectroscopic factors)

1028cm—2s-1 Inelastic ( e.g. GR studies ) 32 :
ISnemrs~ charge distributions
1026cm—2s-1
10cm—2s-1
10##cm—2s-!
1023cm—2s-! 50 4=

1022¢cm—2s-1

For too unstable nuclei (T,,,< 1d)

890 Isotopes

Q N o accessible for the first time !



Competing project: SCRIT for RARF
Test setup @ KSR Kyoto Univ. 100 MeV/100mA
Installation: AURORA 200-300 MeV/300mA |
ISOL facility planned ~10%6-2cm-?s(stable) [ ¥

Courtesy:
RIKEN/R
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Elastic Scattering

-> reference measurements for e.g. laser spectroscopy or DR

Accepted Manuscript

30 O M ev e- fixed ta rg et Detecting bubbles in exotic nuclei

E. Khan, M. Grasso, J. Margueron, N. Van Giai

5 —— no bubble
1 O ...... PII: S0375-9474(07)00802-0
DOL: 10.1016/j.nuclphysa.2007.11.012
Reference: NUPHA 17421

To appear in:  Nuclear Physics A

1 E Lo Received date: 3 July 2007
" f 8 Revised date: 20 November 2007
Accepted date: 24 November 2007

:N‘la‘m:; ;E(hy:gtiiwmmmya-?mmmg bubbles in exotic
10 Phys. Rev. C79(2009)034318
4 | 46 Ar

10 _ i
g .20 40 60 B0 H

0 (deg.)

L=2.7 x 1028 cm2 s1

Ar: inversion (2s,,, 1d,,,)

H. Simon ® EMMI - Eisenach FA I R



TN

Why should one try to collide beams ’?
- trying to get through the eye of the needle

» 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)
= 100pum x 100pum interaction area
vs e.g. dilute ions ina trap

H. Simon ® EMMI - Eisenach FA I R
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Inelastic Scattering

—>compared to conventional (fixed target) experiments
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3 S. Strauch et al., PRL 85 (2000) 2913
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e

L=1031 - 1032

H. Simon ® EMMI - Eisenach

100

cm-2 s-1

Collider 1.5GeV

48Ca(e,e‘A)

L ~10%7

FAIR
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Where’s the challenge ?

Monte Carlo Simulation: AE* =1 MeV

Cola++, Simul++ (H. Merkel, Univ. Mainz)
- ’ |
Pure kinematics calculus: -, R
E. = 500 MeV E. = 500 MeV
. . . ang. res. 1 mrad ang. res. 1 mrad
e colliding beam kinematics Aplp 107 Aplp 107
« angular and energy resolution -
cou pled JLLLJJ 2 mrad @ 300 MeV/u

 achievable resolution can be
improved by getting the “target”
to “rest”
=> reduced luminosity

o, _

normalized event number

@ 100 MeV/u

I | i . . J L. At -
0 2 4 0 2 4
Mamiss (MeV) Maiss (MeV)

H. Simon ® EMMI - Eisenach F A I R
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High Resolution =\ Focal Plane Det.
Large Acceptance

Spectrometer

Butterfly Magnet
(Pre-deflecto

Vertical
Dipole
Magnet (VM)

2.2 Tm

Maximum rigidity Bp
i R - Hexapole Quadrupole -
Tinimum rigidity Bp .3 Tm
Magnet (MH) Magnet (MQ)
Angle acceptance, azimuthal +150 mrad

Angle acceptance, polar at 11.4° | 424 mrad K

Angle acceptance, polar at 22.7° | £70 mrad

/

VA
Energy acceptance + 5%
Resolving Power E/AE ~ 10% y
KVI/BINP/GSI
Angle resolution 1 mrad

Kinematic compression factor 0.3-0.6 |/mone EMMI - Eisenach F A I R
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CAD model & Beam optics calculations
-> Technical feasibility

®,.,: 10-60°
q:  20-600 MeV/c

for electron energies:
125-500 MeV

G. Berg i
20080808 H. Simon = Eivii..i - cisenach




1‘ E A Novel Spectrometer for Studying Exotic

Related NIM paper Nuclei with the Electron/Ion Collider ELISe
- TDR Q4/2010

G. P. A. Berg!

Department of Physics and the Joint Institute for Nuclear Astrophysics,
University of Notre Dame, Notre Dame, IN {6556, U5 A, and
Kernfysisch Versneller Instituut, University of Groningen, Zernikeloan 25,
NL-9747 AA Groningen, The Netherlands

T. Adachi, M. N. Harakeh?, N. Kalantar-Nayestanaki,
H. J. Wortche

Kernfysisch Versneller Instituut, University of Groningen, Zernikelnan 25,
NL-9747 AA Groningen, The Netherlands

H. Simon

ST Helmholtzzentrum filr Sehwerionenforschung GmbH, Planckstrafe 1, D-64291

Darmstadt, Germany

e U bE 0§ WFE o1m

I. A. Koop

Budker Institute for Nuelear Physics, 11 Prosp. Akademika Lavrentieva,
Novogibireh 630000, Russion Fedemation

M. Couder

Department of Physics and the Joint Institute for Nuclear Astrophysics,
University of Notre Dame, Notre Dame, IN 46556, U.5.A.

M. Fujiwara

tesearch Center for Nuclear Physies, Osaka University, Mihogaoka 10-1, Iharaki
S6T-0047, Osaka, Japan
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Design of the associated interaction zone _
D. Shwartz, P. Shatunov, |. Koop BINP INTAS open call 2005/ FRRC

* Overlap of the two beams ‘,.z«"% " .
150pm x 60um .f‘ EAR *\‘
» Emittances 50 ym-mrad i ;
* +-1.5% momentum v, e
acceptance and dynamic wf O trmsiy
apperture
» Accepted cone f
+- 20 mrad for fission i«
fragments ...

~06 ~04 ~02
X,cm

. | 06
H. Simon ® EMMI - Eisenach F A I R
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In-Ring spectrometer in the Bypass
CEA-DAM Bruyeres-le-Chatel, JINR Dubna, GSI

. energy loss
Ongoing: detector (MUSIC)
Detector Neutron time of flight

prototype Detector Jlf detectors

developments

interaction zane
I'-II . I'| i |
| (el ‘ =

.« actinides
= from MESR

position detectors Hquadmpnle

1/ dipale

Most demanding physics case: Electrofission studies
-coincident identification of both fission fragments
-excitation energy directly measured (multipole decomposition)

H. Simon ® EMMI - Eisenach F A I R
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Example:ToF set-up 4?%
= prototype SOFIA@R*B-CaveC J. Taieb et al., CEA Bruyéres-le-Chatel

 Most demanding part : 35ps FWHM needed

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

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

—T,:30x150 x0.5 mm?3 (2 x 5 paddles)
— T,:30x300x0.5mm3 (2 x 10 paddles)

 Fast PMT (H6533) I
* No light guide/grease va%
aﬁﬁ?\b
I=5 i H. Simon ¢ EMMII RO O OO OO U U DO OO oot




resolution (FWHM) - ps

10
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e

0 20

30

e-beam intensity (au)

H. Simon ® EMMI - Eisenach

Compatible

Readout electronics:

TACQUILA

+ BuTiS/White Rabbit
TDS
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Premsmn tlmlng (<50ps)
vs. Campus Clock

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

| A S T I s A B |
&
NG | — <— several 100 m .|
© chidetA ch.jdetB
« synchronized precision - 3& Tacquila system
oscillators 17ps R.M.S T B (ASIC FhG/GSI)
bs.100ps/km, <1ps jitt { oo
(abs psikm, <1ps jitter) 2“"“ New systems
o (ASIC dev. GSI

PR R R R R FPGAbaSGdTDC)

fiming difference of two channels on one card / ps

.. you can measure ToF over long distances !

. Simon ® EMMI - Eisenach F A I R
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General NIM paper

. The Electron-Ton Scattering experiment ELISe at the
. International Facility for Antiproton and lon Research

; (FAIR)]- a conceptual design study 11
. AN. Antonov, M.K. Gaidarov, M.V. Ivanov, D.N. Kadrev

. INRNE-BAS Sofia - Bulgaria L E]
. M. Aiche, G. Barreau, S. Czajkowski, B. Jurado LINAC
- Centre d’'Etudes Nucléaires Bordeauz-Gradingnan (CENEBG) - France

. G. Belier, A. Chatillon, T. Granier, J. Taieb

a CEA Bruyeres-le-Chdtel - France Close to be accepted
(theory issue !)

0.08

" _ 7 & _, D006 4
b L]
— E
’ ! —rj-l' - = -j Z ; 0.04 i
- —— g':? i- - w ¥
+— fragment cone + RIE | ! +— RIB & ooz 4

angular acceptance | |
+ 20 mrad kS 1.91m

a
a
Figure 6: Interaction zone with the interaction point IP in the bypass section of the NESHE.
— —
. Figure 1: Charge form factors (panel (a)) calculated in 'WBA and HF+BCS proton densi-
- . ties (pansl (b)) for the unstable doubly-magic 6N {dashed line), stable SN (full line) and
5N H. Simon ® EMMI - E

unstable N {datted line) isatapes [7].
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Other ideas ...

Pulse
energy

1)

1m

1mj

1)

« Laser systems

= Compton
backscattering

=4 y2 E aser

E

cw
power

1 kw
1w

1 mw

1w

max

F, excimer 157 nm

X-RAYS

100 nm

Ti:sapphirer

(tripled)

235-330 nm Ne-Cu” 28

- ArF excimer 193 nm

ELSEVIER  Muclear Instruments and Methods in Physics Research A 516 {2004) 228-236 L —

i e.g. New SUBARU/Spring-8

High-energy photon beam production with
laser-Compton backscattering

K. Aoki®, K. Hosono™*, T. Hadame®, H. Munenaga®, K. Kinoshita®, M. Toda®.
S. Amano®, S. Mivamoto®, T. Mochizuki®, M. Aoki®, D. Li®

! Graduare Sehool of Englneering Himefi Istiuie of Technodogy, 2187 Skosha Himejl Himel, Hyogo 671-2201, Japan
B ASTI, Himafi Instisge of Technology, Kamigor Koo, Hyogo 678-12035, Japan
* Dugtiiuie for Laser Technolgy, Honmack] Oeaka 550-0004, Japan

Reosived 25 June 2008; received in revised form 12 Avgust 2003; acoepted 26 August 2003
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He _ £ Tisap :
Sie Ganl
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co,
9.2-11.4 pm

248-270 nm Alexandrite
{doubled) DF chemical

Dyes (doubled) 360-400 nm 3.6-4.0 pm

0.2-0.4 pm
nean GaAlas ) - 1.43-1.57 pm ;
- Ti:sapphire Fosterite HF chemical
370-493 hm . . 750-850 nm o "PPS0T e S i a0
H. Simon ® EMMI - Eisenach AlGaIn/ASSE
" 1.87-2.2 pm

Dyes (Raman shifted)
MO 5 1y
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Direct comparison
=>» looks promising

* beam current (425 mA @ 500MeV)

* laser intensity (~1Wcw/1-6eV)

* overlap/angular spread straight sec. ?
* shown: 10mA/1GeV on 0.5 W/1.168eV

1o il Tl (1 eEmrad) Nd :YVO4

= ': MEASURED 1.2 L = Lorentz line

§ w | Mlhh.‘:“ 54 L . I » - Cross section

g 1l

! ] 10 15 n a"‘s :
Fhoton Energy (MeV)

#
c
=

Photon Energy (MeV)

=N P IR P— 'L}
] 10 12 14 16

newSUBARU

1.0 ~ 1.5 Ge¥

BEm -
1.2
i
1
1%
- H
- +
L3 l:«u .
E 3 H
= H
Elu % 06 3 : A
F § i
= 0.4 b el 2
g s 1 ]
ol \
% 05 1 2

0.5 1 1. 1
Scattering Angle (mrad) Scattering Angle (mrad)

Photo-nuclear reaction
E1 (GDR) 97Au

I zisenach F A I R



AN\ D,

So the camel part works. —<M

» colliding (unstable) beams @ FAIR
=>» technically challenging but feasible.

* electron/antiproton ring is to be used for QQ&
ELISe and AIC, and also o

Q
S
@)
<@

H. Simon ® EMMI - Eisenach F A I R
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Summary

» Electron(Antiproton)-RIB Collider is feasible

* Design of a Challenging spectrometer and
demanding interaction zone close to final

=» TDRs for the experiment/facility

» Detector developments
(prototypes for experiments/tests in the existing facility)

* Unique experiment for FAIR

=>» Not only for nuclear physics studies ?
http://www.gsi.de/fair/experiments/elise/

®
=P H. Simon ® EMMI - Eisenach FAIR
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The ELISe collaboration

BINP Novosibirsk - Russia Koop, I.A., Skrinsky, A.N., Korostelev, M.S., Parkhomchuk, V.V., Shatilov, D.N., Shiyankov, S.V., Valishev, A.A., Shatunov, Y.M., Pavlov, V.M., Otboev, A.V.,
Nesterenko, I.N., Logatchov, P.V.

CEA Bruyeres le Chatel - France Chatillon, A., Belier, B., Granier, T., Taieb, J.

CEA Saclay/ IRFU - France Doré, D., Letourneau, A., Ridikas, D., Dupont, E. , Berthoumieux, E., Panebianco, S.

CEN Bordeaux-Gradingnan - France Czajkowski, S., Jurado, B., Aiche, M., Barreau, G.

CSIC Madrid - Spain Sarriguren, P., Ramirez, C. F. , Borge, M.J.G., Garrido, E., Alvarez, R., Moya de Guera, E.

Chalmers University of Technology — Sweden Nyman, G., Johansson, H., Jonson, B., Nilsson, T.

Complutense University of Madrid - Spain Udias-Moinelo, J., Fraile Prieto, L.M., Herraiz, J.L., Vignote, J.R.

DAEES Kyushu University - Japan Kadrev, D.N.

Daresbury Laboratory - United Kingdom Lemmon, R.

FZ Rossendorf - Germany Junghans, A.

GSI Darmstadt - Germany Miinzenberg, G., Nolden, F., Schmidt, K.-H., Simon, H., Weick, H., Steck, M. , Beller, P.t, Kelic, A., Geissel, H., Emling, H., Egelhof, P., Boretzky, K., Becker, F.,
Aumann, T., Kester, Litvinov, Y., O., Franzke, B., Kurz, N., Dolinskii, A.

Granada University — Spain Amaro Soriano, J.E. : Lallena Rojo, A.M.

INR Moscow - Russia Nedorezov, V., Mushkarenkov, A.N., Lisin, V.P., Polonski, A.L., Rudnev, N.V., Turinge, A.A.
INRNE-BAS Sofia - Bulgaria Antonov, A.N., Gaidarov, M., K. Ivanov, M.V.

IPN Lyon - France Schmitt, C.

IPPE Obninsk - Russia Kamerdzhiev, S.P.

JINR Dubna - Russia Sereda, Y., Klygin, S., Grigorenko, L., Sidorchuk, S.I., Krupko, S.A., Gorshkov, A.V., Rodin, A.M., Fomichev, A.S., Golovkov, M., Artukh, A., Seleznev, l.A., Meshkov,
I.N., Syresin, E.M., Ershov, S.N., Vorontsov, A.N., Teterev, Y.

Johannes Gutenberg University Mainz - Germany Merkel, H., Miiller, U., Distler, M.O.
Justus-Liebig University Giessen - Germany Lenske, H.
KVI Groningen - The Netherlands Wértche, H., Kalantar, N., Berg, G.
Lund University — Sweden Avdeichikov, Vladimir
RIKEN - Japan Suda, T.
RRC Kurchatov Institute Moscow — Russia Volkov, V.A., Chulkov, L.V., Korsheninikov, A.A., Danilin, B., Kuzmin, E.
Rohde University — South Africa Karatakaglidis, S.
SSC RF Obninsk - Russia Litvinova, E.V.
Seville University - Spain Caballero, J.A.
TU Darmstadt - Germany Richter, A., Schrieder, G., Enders, J., Pietralla, N.
University of Arizona — USA Bertulani, C.
University of Basel - Switzerland Krusche, B., Hencken, K., Jourdan, J., Rohe, D., Trautmann, D., Rauscher, T.
Universitat Kéln — Germany - Zilges, A.
Universities of Liverpool/ Manchester/Surrey/York - United Kingdom
Chartier, M., Cullen, Stevenson, P., Johnson, R., Catford, W., Al-Khalili, J., Barton, C., Jenkins, D.
Yale University — USA Heinz, A.
Yamagata University — Japan Kato, S.

135 Collaborators / 36 Institutes / 12 countries

-1
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Inelastic scattering in the eA collider

* Excitation energy is
measured directly
(below and above particle tresh.)

* momentum transfer =
multipolarity of transition can
be determined

Giant Resonance

o 1 MeV/u
A * final state identification with
F’Z_(q) nuclei decay unprecendented efficiency
(E,q) | (e,eX) > (e,e' A) >
light — p,n, 0 : . .
el _ suppression of elastic radiative
medum —  n,p,0 tail (no background)
heavy — fission,n
- => Full measurement with purely
— electromagnetic probe

—

Strength | - Eisenach F A I R



The FAIR facility

\ Primary Beams \

5 x10"/s; 1.5 GeV/u; 23828+
«2(4)x10"3/s 30 GeV protons
«1019/s 23873+ yp to 25 (- 35) GeV/u

N
A LSecondary Beams

*Broad range of radioactive beams up to
1.5 - 2 GeV/u; up to factor 10 000 in
intensity over present

*Antiprotons 3 - 30 GeV

Storage and Cooler Rings \

*Radioactive beams (ca. 2016)
e — A collider (ca. 2019)

«10"" stored and cooled 0.8 - 14.5
GeV antiprotons

H. Simon ® EMMI - Eisenach FA I R




G. Berg
20080420

8251

(7))
P
®
=
- N = = 8
k= 9 E E
i SRS
S + + ®©

Co

X

7

Main Coil (4 coils): 70 kA

Cross Section

Current density: <8 A/mm?

Ht coils: 18, 27,20.5,15.5,24 kKA
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Kinematic Range

Momentum Transfer: / / p_e inGeV/c

g: 20 to 600 MeV/c ——0.05
-B-0.1

0.2
== 0.3
= 0.4
~§-0.5

e (). 6

Scattering Angle Theta in deg

H. Simon ® EMMI - Eisenach |— A I R
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Quasielastic scattering

—> 2" generation experiment

I
~

* Not hampered by nuclear
reaction mechanism; _
like (d,2He) or (p,2p) |

LY
]

=>»spectroscopic factors / |
spectral functions

[s ]

» Spectrometer resolution
requirements moderate

) [(MeVic) MeV |

—
Q |
[1e]

« cross sections small (Yb)

S (ExPrm

« Rates: 0.1-10/s (10%*??cm-2s)
3 days 25-2500 KEv.

=
|
-l-
a
2

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

|[I

[ I8
| i q
N LT e
TR LIl
I IR |
stk ] | HEITEA R

- 72 i
% Cleep) B
ag.S 105<p,,<135MeV/c

y 3

) | 11.9
E'Hi i
W
E, [MeV

[ It

|
0 2

Phys. Rev. C32 (1985) 1787
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Reaction kinematics
(as seen from the moving target)

reaction plane

pm - p — Q=
Em = Ji= Tp -
T stop detector

scattering plane

H. Simon ® EMMI - Eisenach F A I R
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Quasifree scattering

Chosen example:

12C @ 740 MeV/u

e @ 500 MeV 3
[ =135MeV b
X =1+15%

—>electron angular
range 56+-3°

0.29

0.28

0.27 r

0.26

0.25

0.24

0.23

0.22

x = Q2Mw, = 1 *“@

'“Cle.e’p)
,’}'h/
.//
;F//)
////
//;"
A /‘.‘-/ /.
53 54 55 56 57 58 59
0, (degrees)
J. Vignote

H. Simon ® EMMI - Eisenach

FAIR



aF -

Cross section

“Cleep) (15" ¢ o/ dE, 0, dE, d2, (oMeVPlse) | 26(e,6p) (1p3,2)“|d5s/dEedszedEpdnp (nbMeV2/sr)

40 L

B (degrees 9, (degress)

J. Vignote

=> proton detection [160,164]°

H. Simon ® EMMI - Eisenach F A I R
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Reaction kinematics
(as seen from the moving target)

reaction plane

pm - p — Q=
Em = Ji= Tp -
T stop detector

scattering plane

H. Simon ® EMMI - Eisenach F A I R



Proton & Fragment emission pattern

* proton angles
[160,164]°

—>proton energies
[300,1000] MeV

—>fragment angles
<25 mrad

T, (MeV)

12C(e,e’p) '2C(e,e’p)

1250 +

1000 ¥

750

500 -

250 |

160 165 170 175 178.5 179 179.5 180
Bp (degrees) B(a-1) (degrees)

J. Vignote

FAIR

H. Simon ® EMMI - Eisenach



Proton beam:
|« E, =460 MeV — 451 MeV @ Nal

i

hghig by |

e
-

il

.
i W =
i SIFEETE e
- B i
e s, P

:

—

o e B i | o 0 B e
= /

iy

)t

N

dydy

* length = 20cm
» absorbs up to 274 MeV protons

—

3 e
s

'\ W . additional readout; bypassing the

il
v Pl

last amplifying stage of the PMT
— gain factor reduced by = 100

. EE— Eeli Wamers
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Raw spectra of protons in Nal crystal

Str1_1e |

10°

107 @
H

10°

102

10

hprotoni

Entries 22583

protons penetrating
2GE = 142 MeV

Mh”.."

1000 1500 2000

500

2500

Mean
RMS

1550 ch
71 ch

mean:
sigma:

4.5 % resolution

3000 3500 4000

protons stopped
g4E = 237 MeV

*II”I N ‘IH“ |Ih||| II|.IHI Iill [l J I

0 500 1000 1500 2000

2500

hproton3
Entries 24369
Mean 705.9
RMS 939.8

mean: 2400 ch
sigma:

34 ch

1.4 % resolution

3000 3500 4000

Strite] -
Mean 872
protons penetrating RMS 874.2
10°| &F =178 MeV mean: 1875 ch
C sigma: 90 ch
102

10

'l [ ]
1500 2000

4.8 % resolution

1000 ’ 2500 3000 3500 4000
h 4
Erirics 22557
Mean 481.5
protons stopped RIS 758
10°| &E = 185 MeV mean: 2006 ch
sigma: 26 ch
10?2 o .
1.5 % resolution
10
1
N P
0 500 1000 1500 2000 2500 3000 3500 4000

Felix \Wamers
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Resolution concerns ...

* negative p,,:
1:1 correlation
T, resolution
corresponds to
achievable E |
resolution.

* positive p,,:
T, resolution
can be about
twice worse

T, (MeV)

700

650 r

600
550
500
450
400
350
300
250

T, (MeV)

-500 -400 -300-200-100 O

Py (MeV/c)

H. Simon ® EMMI - Eisenach

1300

1200

1100

1000

900

800

700

600 1 | 1 1
0 100 200 300 400 500

Pm (MeV/c)

FAIR
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Bremstrahlung: 4%
spectrum and angular distribution '
rest gas / ions in the NESR

25
= 10§/~ 2
%h T
3 3 |
N N |
-— \,_
W bhF
ol T e
2 4 6 8 10 100 200 300 400 500
0, (mrad) S

H. Simon ® EMMI - Eisenach F A I R
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Luminosity Monitor via photons:
Concept

position sensitive (I) (||) il Luminosity| Effect, |Background
l-detector [cm—2s1] [kHZz] [kHZz]
23892+ 1.0%x1028 6800 0.13
S6Njj28+ 3.3%x1028 2100 0.13
6INj28+ 2.4%1028 1500 0.13
TINj28+ 4.5%1026 29 0.13
104G 50+ 9.9%1026 200 0.13
Sprome [DArN] 01 67 097 132850+ 1.8%x1028 3800 0.13
(100-500 MeV) 133gn50+ | 4.5%1026 90 0.13

(iii)

Absolute calibration via small angle scattering:
q>0:F(q)=1 =2 Pure Mott cross section

H. Simon ® EMMI - Eisenach F A I R
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Luminosity monitor:
technical realisation/prototypes/simulations

Kl Moscow ~
. V. Volkov (GEANT 4 simulations)
e H « [ e =M Showers created in
- L] by 300 MeV gammas

leco | 9@MMa imaging:
— INR-RAS Moscow

H. Simon ® EMMI - Eisenach F A I R




’ nr .. i : rl
TN B ey
Full 3D simulation calculation

- Generator vs. Analysis

1 mrad angular resolution

10 dp/p

—_— —_

o) f o)

L L
2 60 Z w0

) - )

Kun) D
35 b

580 600 620 640 660

E.. (MeV) B (MeV)

Sufficient resolution can be obtained !
Detection and analysis scheme ok.

07/2007 L.V. Chulkov, RRC Moscow F—\IR
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Optional: Large angle spectrometer 4@
with very high acceptance k.

D Q Q Ya Panofsky
N
s.c. Quadrupole

\|/

R beam pipe

e very large 1.2 rad vertical
* large 200 mrad horizontal
: acceptance

AN N S S SR « 50-100° scattering angle

H. Simon ® EMMI - Eisenach F A I R
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Bp-AE-TOF method: Requirements 4@
(SuperFRS / ELISe, EXL, HI/IDESPEC, R°B)
4 N
Bp=A/ZBYy 7 AIZ, P Pos res. c <1 mm
TOF=L/B N Timing res. c :90 ps
AE ~ Z2/B2 4 AE resolution o : 1-2 %
\_ /
* Position: Wirechambers/Si-strip/Diamond
« AE: MUSIC/TEGIC

rad hard Si/SC Diamond
« TOF: Plastic/Diamond

H. Simon ® EMMI - Eisenach F A I R



P.Moritz/GSI

« Campus wide time distribution via fibre optics / local TDS(s)

* Synchronized local oscillators (10kHz, 10Mhz, and e.g. 200, 155 or 76 Mhz)
with +/-100ps/km absolute uncertainty and << 10ps oscillator jitter

H. Simon ® EMMI - Eisenach
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BuTiS at work (20071015) o
P.Moritz/GSI :

TIMEBASE
T/div 18 ns * 10, 200 MHz sine
050 vemee) | i sa el \\vaves (adj. phase)

........................................ Cr Yl TO pulse for sync.

e every 100us
RIBLE RS URE N IRliiiniiE ', : - very good phase
L | stability
5 ) » BuUTiS oscillator

can run standalone
eque —‘  about 10k€/system

IIIIIIIIII Bl 7ot of BuTis

mammm— Jcnerators BNC

2 G54

™ 4 caary ] coupled

1
2
3
4
=P H. Simon ® EMMI - Eisenach F A I R
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BuTiS fibre distribution test bench 4@
(09/2009 succesful test of 4th channel < 100ps/km) P. Morit

BuTiS Master

ﬁ 0.01, 10, e.g. 200 MHz copper

LASER +
AM modulator

IL opt. fibre (4 * 200GHz bands)

passive splitter
distribution 1..2 km
1§

Demodulator + reflector (4th ch)

ﬁ 0.01, 10 MHz copper
BuTiS Slave osc.

% 0.01, 10, e.g. 200 MHz copper = (local TDS) ?

H. Simon ® EMMI - Eisenach FA I R
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Detailed view on the LASER distribution system*@

clock 1 |

clock 2

I1

Tx M _ ) A, Az, A e At de- M Rx : clock 1
I e T > AddIDrop Q0 «— FBG M, 2 mualti- :
E_mi’ plexer — plexer L.Im_..: clock 2
| \ Y, 0 circulator \ g
, Y y 2 e :
! fransmission unit it <_'j phase | Ty reCeiver unit :
i IZI‘T. measurement FEI :
| L fua - :
I "‘Vﬂ' i
measurement unit 12
Dense wavelength division multiplex
Standard single mode fibres
Optical Optical
Channel frequency wavelength
e Passive splitter (ITU norm) v [THz] A [nm]
: . e A 32 193.2 1551.721
» Erbium-doped fiber amplifier I, ” 1034 1550116
Ay 36 193.6 1548.515

H. Simon ® EMMI - Eisenach

FAIR
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As seen in the laboratory

PR Spec. Top. Acc. Beams 12, 042801 (2009
I ¥

s

multiplexer
splitter
Add/Drop-multiplexer
FBG
demultiplexer
circulator
reflector

DWDM lasers

aptical receiver

—

network analyzer optical switch

H. Simon ® EMMI - Eisenach |- A I R



ield test: Precision timing system
acquila (R°B: FE prototype) - FOPI/GSI

GTB interface

12 Bit ADCs
10 Bit read ...




Precision timing (<50ps) vs. Campus Clock
FOPI collaboration/Tacquila— K. Koch

| [ e e e A O
f@sq .. & several 100 m
? ch. i det A ch. jdet B
e Timing FEEs:
g ]AX Tacquila system
% . (ASIC FhG/GSI)
E s all existing chips
. In house

New systems
H. Simon ® EMMI - Eisenach (AS|C dev GSl
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FPGA TDC

The 10-ps Wave Union TDC:
Improving FPGA TDC Resolution beyond Its Cell Delay
Jinyuan Wu and Zonghan Shi
IEEE Nuclear Science Symposium Conference Record, 2008. NSS '08.

180

width (ps)

i

0

(a)

160 |
140 |
120 |
100 |
80 }|
60 |
40 |
20 |

il

PARAMETERS OF SEVE

Project at GSI:

M. Traxler / N. Kurz

TABIEI

FAL

C SCHEMES

Device: EP2C8T144C6, Price: $28 (Apnil

o

(Operating Frequency: 400MHz. Total Logic Elenfents: 8236

0

16

32
bin

H. Simone E

48

Max bin [Av bin ' AT Fcad Delay [Logic
width  pwidth | RMS imme  [Chain [Element
lerror LengthlUsage
[Un-calibrated TDC 165ps 60p4 58ps |2.5ns 1621
[Plain TDC 165ps Gps 40ps |)2.5ns Q Il};»’{:)
Wave Union TDC A 65ps 30ps 25ps | Sns 64
6851
(Wave Union TDC B 10ps ) 45ns (83%)
8 CH
M.... =
Altera Cyclone Il device (EP2C8T144C6)




Test Bench 20091208 (schematic) 4‘{%

* Demonstration of BuTiS capabilities
« Two Tacquila systems at two coupled BuTiS generators
« Schematic View:

BuTiS Diskr CLOSY ok lacquila  #
10 MHz
TO/10ps
. #2
BuTiS Diskr CLOSY ok Tacquila

10 MHz Function generator
,Events’

H. Simon ® EMMI - Eisenach



AR B B[N

Less schematic

2 * CLOSY and Tacquila 1

master & slave

H. Simon ® EMMI - Eisenach F A I R



* PLL based clock
divider

* input range limited

= CPLD stage

* Butis: division/5
= 200 MHz to 40 MHz
for Tacquila

Discriminator:

NB4N316M

3.3 V AnyLevel™ Receiver
to CML Driver/Translator
with Input Hysteresis

2.0 GHz Clock/ 2.5 Gh/s Data

O

ON Semiconductor” [

http://onsemi.com

\ \(3 ] 3 .

2
2\
)
o)
=y
N
)
S
©
—
O i
S
—
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Result: Test Bench 20091208 4‘%

Karsten
Koch

Very good
Stability !
Drift few ps/
few seconds

- ‘
= 'Y

H. Simon ® EMMI - Eisenach F A I R
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Does it fit into the hall ...

... and even work with the accelerator ?

. . EAR Elements
Beam injection system Y gﬁ'ﬁ'?"ﬁé’sn
Quadrupoles

Bypass Elements

UHV !

NESR Elements

l.LA. Koop, Yu.M. Shatunov, P.Yu. Shatunov, D.B. Shwartz
BINP report 07/2008

275

16.5
11.0
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