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A characteristic feature of the Compton effect on
relativistic electrons is the appearance of photons
with energies exceeding those of the primary photons.
As a result, even when light photons are scattered
on extremely relativistic electrons, the energies of
the scattered photons will be of the same order of
magnllude n those of the electrons. This feature
may p y be exploited for g high encrgy
y-ray bcaml in elnclron accelenwrl‘ An important
point to be mentioned is that the characteristics of
such y-beams will significantly differ from those ob-
tained by bremsstahlung.

In the Compton effect involving moving electrons
the energy of the scattered quantum w2 is related to
the encrgy of the primary photon wy by the well
known equation (/= ¢ = 1}

1-vycos 6,
“27 M1 Ty cos 6y % (@y/ ) (1 - cos ©) ! 2

where v and ¢ are respectively the electron veloc-
ity and energy, 6 and 8; are the angles between the
direction of motion of the electrons and incident and
scattered quanta and @ is the angle between the inci-
dent and scattered quanta. The energy of the scat-
tered y-quanta is maximal («2 max,) when the pri-
mary electron and photon move in opposite direc~
tions (81 = ) and the scattered photon moves in the
direction of the electron. Then (g = 1)
2wy @
2 maxT s « 21/

where m is the electron rest encrgy.
The highest energy to attain possibly in electron
accelerators in the near future should be ~6 GeV.
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Of course in order to obtain y-beams by the method
considered here high photon fluxes will be required.
A high intensity photon source that should be feasi-
ble is the laser. At present ruby lasers seem to be
the most reliable.

For ruby laser photons (A= 6943 A) scattered on
6 GeV electrons one gets w2 max, = 848 MeV. This
elfect rapidly grows with increase of the electron
energy. Thus for the same ruby lasers and ¢; = 40
and 500 GeV the energy is corresp gl
«2 max, ~ 21 and 497 GeV.

Of course if lasers emitting shorter wave lengths

or other sources of high energy photons be employed,

the energies of the scattered photons may closely
approach those of the electrons.

The differential cross section lor Compton scat-
tering on mmng electrons is 1)

Al Gy
xz xl)lwg%' (”

where rg is the classical electron radius and

dc-r

Z‘cl(‘ Py
) Cdoes 5 5 afa ! '

2uwg
xp = Pl (¢ - Py cos 63) ,

where Py is the electron momentum.

The cnergy energy spectrum of the scatlered
photons can be derived from expressions (3) and (1).
Negleeting small terms in (3) we oldain
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Compton scattering by starlight quanta has been
postulated by Feenberg and Primakoff to be a
mechanism for the energy degradation of high-
energy electrons in interstellar space.' We shall
discuss hore the possibility of observing this
phenomenon directly in the laboratory by scatter-
ing a multi-GeV electron beam against the intense
flux of vigible photons produced by a typical laser,
Tt will be shown that using existing laser systems
and electron accelerators, one may expect to ob-
tain of the order of several thousand collimated
high-energy scattered photons during each ac-
celerator pulse, and that these quanta retain to
4 high degree the polarization of the original beam
of optical photons.

The kinematic formulas for Compton scattering
on moving electrons are given by Feenberg and
Primakoff.? We shall consider the special case
of an extreme-relativistic electron of energy £
wyme?, y=1/(1-3)¥ 51, incident head-on upon
a beam of photons of energy k; ~(1-3) eV propa-
gating in the opposite direction. An observer
moving with the incident electron will see a pho-
ton of energy &, =2yk;. In Table I are listed for
various laboratory electron energies, £, the
corr g values of k,, tabulated in terms
of A =k,/mc?, for incident 6943A ruby-laser pho-
tons (k;=1.79 eV). If we let 6, equal the photon
scattering angle in the electron rest frame, and
X =cosb,, then the laboratory energy of the scat-
tered photon will be given approximately by

ﬁlss(\(l-:r)/llu(l-x)]}. )
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The approximation fails only near x =1, for which
ke=ky is required. However, for large y =E/mc?
e bulk of the scattered photons is folded back
and emerges in the laboratory In the direction
of motion of the incident electron, making angles
with that direction given by 6 =2tan(}8) =(1/y)
xcot(i6,). Thus for 1-GeV electrons, all pho-
tons having 23" < 6,< 180" will end up within 0,0025
radian of the electron direction. We shall confine
our discussion to these high-energy quanta, The

Table 1, Encrgy, A, polarization, and cross section
for highest energy photons produced by ruby-laser pho-
tons scattered on electrons of energy £. The quantity
7y 18 the cross section for higher half of kg apectrum,

E &) max n
(GeV) A (MeV) Pmax (mb)
1.0z 0.m4 28 1.00 120
2.02 0,040 06 1.00 310
4.16 0,087 426 0.99 300
4.60 0,083 515 0,89 290
5.11  0.070 628 0,99 200
5.48 0,075 s 0.99 290
5.84 0,080 806 0.99 280
6.21 0.085 903 0.99 280
6,57  0.080 1.00%10° 0,99 280
BT 0.120 1.69x 107 0.98 260
11,60 0.60  2.83x10'  0.96 250
20.8 0.285  7.55x10° 0,91 220
4.6 0.570 221 *10° 0.7 180
58,4 0.800 35.9 x10 0.67 160

%



History 2/4

1963 F.R. Arutyunyan and V.A. Tumanian, Phys. Lett. 4 (1963), 176; Sov. Phys. Usp. 83
(1964), 339;

R. H. Milburn, Phys. Rev. Lett. 10 (1963) 75.

Have shown that backward scattering of Laser light against high energy electrons can
produce high-energy y-rays.

1964-1969  O.F. Kulikov et al.,, Phys. Lett. 13 (1964), 344;

C. Bemporad et al., Phys. Rev. 138B (1965),1546;

J. Ballam et al., Phys. Rev. Lett. 23 (1969), 498.

Have employed this technique in several laboratories (Lebedev Institute, CEA, SLAC)
obtaining low flux of y-rays (10-100 y/s).

1967 R. Malvano, C. Mancini and C. Schaerf, LNF - 67/48 (1967)

Pointed out that, by exploiting the power inside laser cavities and the intense electron beams
that circulate in storage rings, one could produce intense polarized gamma-ray beams for
photonuclear-reaction experiments.

1978 L. Casano et al.,, Laser and Unconventional Optics Journal 55, 3 (1975);

G. Matone et al., Lecture Notes in Physics 62 (1977),149;

L. Federici et al., Nuovo Cimento 59B (1980), 247.

Have produced the first Compton Backscattering g-ray beam by the interaction of the electrons
circulating in a storage ring with the high intensity photons available inside a Laser cauvity.
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History 3/4

plasma tube output
I N—"" N \ laser power
plane mirror concave mirror

Laser Optics
The concave output mirror has a transparency around 10%.
The output power is 10% of the power inside the cauvity.

electron trajectory

plasma tube k. ﬁtorage ring dipolef ___/ /\
| ]

! ' interaction region

lp fl A fm

plane mirror lens Ladon Optics concave mirror

A

The interaction region is inside the Laser cavity. The extended

cavity has one lens and two fully reflective mirrors.
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History 4/4

The first backscattered beam was built on Adone, Frascati's successor to the original ADA, the
first e*e” storage ring. The generic name “Ladon beams” now used for such gamma sources not
only honours the Adone ring; it also recalls the River Ladon of Greek mythology [11.

Following the early successes at Adone, Ladon beams were built at several other storage rings.
Three Ladon beams were built in the Novosibirsk laboratory in Russia. They were good beams
but their use was spoiled, first by an accidental fire that destroyed much of the laboratory and
then by the demise of the Soviet Union. Table | lists ROKK-1M, the third of the Novosibirsk
Ladon beams, and others around the world.

Four of them — , Graal Bl in France, LEPS in Japan,
— have been in operation for many years. Collectively, they have covered the gamma-ray
spectrum from a few MeV all the way up to 2.4 GeV.

and Graal have been decommissioned in 2007 and 2008 respectively and now the only
remaining in operation are LEPS and

1. Aadwv "riviere de Grece, au Péloponnése dans I'Arcadie. ... les Mythologistes firent le Ladon pere de la nymphe Daphné

& de la nymphe Syrinx. Il étoit couvert de magnifiques roseaux, dont Pan se servit pour sa flite a sept tuyaux.” (M. Diderot
and M. D'Alembert, Encyclopédie, a Paris MDCCLUVII).

2. A.M. Sandorfi, M.J. Le Vine, C.E. Thorn, G. Giordano, G. Matone and C. Schaerf:
HIGH ENERGY GAMMA RAY BEAMS FROM COMPTON BACKSCATTERED LASER LIGHT
-IEEE Trans. on Nucl. Science, NS-30/4, 3083 (1983).

3. R. Caloi, L. Casano, M.P. DePascale, L. Federici, S. Frullani, B. Girolami, G. Giordano, G. Matone, M. Mattioli, G.
Pasquariello, P. Pelfer, P. Picozza, E. Poldi, D. Prosperi and C. Schaerf: THE LADON PHOTON BEAM WITH THE ESRF-5
GEV MACHINE. Lettere al Nuovo Cimento, 27, 339 (1980).
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Ladon Beams Table

TABLE I
Project name Ladon® Taladont | ROKKA-IMi LEGS* LEGS-2 Graal** LEPS? HIGS™
Location Frascati (LNF-INFN) Novosibirsk Brookhaven (BNL) Grenoble Harima Durham
Storage ring Adone Adone VEPP-4M NSLS NSLS ESRF SPring-8 { TUNL-FELL
Energy defining method collimation internal tagging external external internal internal ¢ collimation
tagging tagging tagging tagging tagging
Electron energy GeV 15 1.5 14-53 25 28 6.04 8 1.0
Photon energy eV 245 245 1.17-3.51 3.53 4.71 3.53 3:33 8.2
Gamma-ray energy  MeV 5-80 35-80 100-1200 180-320 285-470 550-1470 1500-2400 5-95
variable simultaneous variable
Energy resolution Yo - 1.4-10 5 -- 1.6 ] 1 1.25 I
(FWHM) MeV 0.07-8 4-2 - 3 5 16 30
Electron current A 0.1 0.1 0.1 02 0.2 02 0.1 100
Gamma intensity sl 105 5105 2106 4106 210° 2100 210° 10%-10°
Years of operation 1978-1989 i 1989-1993 1993 1987-1999 § 1999-2007 1996-2008 1999 1999

“ Laser ADONe, *TAgsed LADON, AROKK is a russian abbreviation for Backscattered Compton Gamma, * Laser Electron Gamma Source,

*#* GRenoble Anneau Accelerateur Laser, =~ High Intensity Gamma-ray Source, 7 Laser-Electron Photons at SPring-8

Aadwv "riviere de Grece, au Péloponnése dans I'Arcadie. ... les Mythologistes firent le Ladon pere de la
nymphe Daphné & de la nymphe Syrinx. Il étoit couvert de magnifiques roseaux, dont Pan se servit pour sa
flite & sept tuyaux.” (M. Diderot and M. D'Alembert, Encyclopédie, a Paris MDCCLVII).
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Ladon Beams in the World

GRAAL/ESRF
LEGS/BNL LEPS/SPRINGS
1.0 5 20 S (GeV)
e Wy — *Graal:
coo I El | "E,=.6-1.5GeV / W=1.4-19 GeV
N : :
| Fj | ¥yp—hadrons * Region of the second and third
— 300 PN e baryon resonances
o) | ;Eﬂ ‘
= ]
D oo |1
200 |- ::\?\L!i . '
| §§ n. K, o, n' thresholds
0o §§ « Complementary of HIGS, LEGS,
§§ Graal and LEPS

o 0s

HIGS/FEL/Duke

n threshold
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Carlo Schaerf Yerevan 1/06/09 6



Traffico

The ESRF at Grenoble from Satelite
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ESRF 2004
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Gratianopolis
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1572, Groble and the ESRF

Traffico Mapa

(>

6/26/09 Carlo Schaerf Yerevan 1/06/09 9



The ESRF Beamlines
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The ESRF Electron Beam

Energy | GeV | 6.03
IMaximum Current | mA | 200
Horizontal Emittance nm (@ Ex= 4
Vertical Emittance (*minimum achieved) nm 0.025 (0.010%)
Coupling (*minimum achieved) % 0.6 (0.25%)
|Revolution frequency | kHz | 355
INumber of bunches | | 1to 992
[Time between bunches | ns || 2816 to 2.82
IFilling pattern bunch | Uniform | 16-bunch | Single
|Maximum current (mA) | 200 ’ 90 | 20
|Lifetime (hours) | 75 | 9 | 6
IRms energy spread (%) @ ©po11 | 0.12 | 0.22
|Rms bunch length (ps) | 20 | 48 | 73

64 bending magnets, 320 quadrupoles, 224 sextupoles.

RF 352.2 MHz, T=2.839 ns.
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Kinematics of Electron-photon In-flight Scattering

_ Scattered electron E',p’
Incident electron E,p

e ———_ — ¥ Electron
— Electron spin Ay Laserk, spins'
Scattered photon k°
2
K =M% B 1800, k= Ak, v <<l
1+ 4)/k0 me (ESRF) 1+ 4}/k0 +()/8)2
me me
109
AO=AO, =0, =0, = &51/4 197 _115.10°
% B, 30 _
yAB, =11800-1.15-10° =0.14 A6 PR ol
\\{T)/
S p_s-p ABy= Oy= O <<AD,
0 p ¢ o X ¢ | collimator

At these very high energies the electron helicity is conserved and there is no transfer of spin

angular momentum from the electron to the photon, therefore the polarization of the highest
energy gamma-rays (scattered at 180°) is the same as that of the laser photons.
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Kinematics of Electron-photon In-flight Scattering
Tagging: k=E+k,-E'=<E-E', o =0f+0Z (Fcorrelations)
Gamma- ray energy resolution in the linear theory (with correlations):

Eo
o, =—* =6.9MeV for Graa (FWHM =16 MeV)
2 = +nio? at the position of the Tagger
O = &Py T 170, P 99
E Electron beam energy (MeV) (6.03 GeV)
o Gamma-ray energy resolution (MeV)
o Energy spread of the stored electron beam = E 5, (=6030 « 0.0011= 6.6 MeV)
Op Energy resolution of the electron tagging system (MeV)
O, 1 Horizontal dispersion of the electron beam at the tagger (m)
d Dispersion of the ring magnets from the interaction point to the tagger
position (m)
€, Horizontal emittance of the electron beam (=4 nm)
Byt Horizontal betatron wave length at the tagger (m)
Nt Spatial energy dispersion of the electron beam at the tagger (m)
o, Fractional energy dispersion of the electron beam (0.11%)

6/26/09 Carlo Schaerf Yerevan 1/06/09 14



Lattice optical functions [m]

The ESRF Magnetic Lattice Structure: NOW
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The ESRF Magnetic Lattice Structure: ORIGINAL
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The ESRF Magnetic Lattice Structure: ORIGINAL

1 5 1 1 1 l L 1 1 J 1 1 1 l 1 1 1 [ 1  S— | 1 1 1 1

i i : i i I
Interaction Region 1 (A dopxio? I
;: { /’/ / | =

Clone  onoCYirss[Mong  ono[leons CInke S oneCJenmalTom ™ anofleens (lons |

= — - = OV b

Ok = d 05t 0% I
A13 -1.0- -

~ A13 ] s(m) [

Oy

Ot

T T I
0 20

| T
40

1
60

|
80

T

LI
100

T

Figure 14 — Dispersion and energy resolution at the ESRF as a function of the position of the
tagger, calculated from the centre of a short straight section.
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Cross-section (mb/TvleV')

Graal Beam Polarization

P

Photon Energy Spectrum and Polarization - Electron Energy 6 GeY
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The shape of the cross section produces a flat spectrum
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Graal Beam Polarization: Green vs UV

th
PY

Theoretical linear polarization of

the vy-ray beam for two laser
lines: A =514 nm (green line)
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Small Nal crystal ball (7,4 x 16,) of the
University of Rome "La Sapienza"

Carlo Schaerf Yerevan 1/06/09 20



v Beam Polarization Measurements 4He xt°
LEGS - BNL 2003

v4He — m° 4He (coherent)

= i _.Lmsr,"-z:umv. } '0:3 B SLEGS £} = 210 MaV .
# Ey = 200-322 MeV M1
L 1 il 14 ! 1 I 1 . . .
I o e = Since the n° is a pseudoscalar (spin=0),
po and also 4He has spin 0, the only
= @ LECS £ = 232 Mev -0 OLECS £, = 245 Mev .
1 by i pseudoscalar that can be formed with the
1 - available kinematical vectors (k,, €., 4, )
1 I ! 4 I L 1 ! . .
o m wom owmow om o = = » ow wow IS the triple vector product A.
= OLEGS £ = 259 MoV 08 oLEGSE™ oV A : k [ ] g X A 2 j—— 1
a ‘Y ’Y qJ'lj
| » < kY is the photon momentum,
rEpr e ™ " g isthe photon linear polarization vector
S o8 e | g, is the momentum of the =°
e -1 | -y l
| i <P>=0.98 £ 0.02
25 50 75 100 125 150 i 0 50 75 100 125 150
.~ A
w06
08 |ouos £ = 322 MeV]
PI + * 1
14 - L - @(TEO)
0 25 0 75 100 125 150
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The Graal Apparatus

Cross section
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Graal Tagging Detector

- 1 : Shielding 4 mm

| - 2 : 128 Si Microstrips

— Pitch = 300 pm

' Length= 38,4 mm

- 3-4 : Scintillators

©)
A
e~ beam scattered|e-
" Visible 35.6 mm_
) U.V.52,3 mm -
NOT IN SCALE
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The Graal Tagging Detector
ﬁ 0:9m0 tip ub:aton Micgsmp

' Scintillator 9
N\

\

L2 mm!

Elettfoni diffusi

<—]—

leel | 6,8 mm electron
— beam

: : U
4,8 mm I—I!—'ﬁ
|_1_L__.l i

|
Scindllator 0 I e / Scintillatori
; Guide di luc

E, =15 GeV 0,55 GeV

\l ﬁh

GRAAL TAGGING
DETECTOR

Scaflered

128 pstrip silicon detector + 10 fast plastic scintillators , located inside the storage ring behind the first
dipole after the interaction region
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The Tagging Detectors

Carlo Schaerf Yerevan 1/06/09
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The detector fits in here
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Graal Tagging Microstrips

Schematic description of the tagging detector in more details.
Vertical cut: the electrons fly out of the screen.

&
N

A4

Stainless Steel vacuum box

Tungsten shield

silicon semiconductor

10 mm
7

: electron beam
air inside | guard ring| [ microstrips

profile: the
electrons fly out of
the screen

m from the external
MN"“FM surface of the SS box to

vacuum Outs|de ,v“l’ypical counting rate of the microstrips the center of the

<— Compton Edge electron beam = 10 mm
;‘
/' from Compton Edge to the end frgm the end of the
NOT IN SCALE of the Silicon wafer = 38 mm Silicon wafer to the
external surface of the
SS box =5 mm
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Temperature in the Tagging Box

mA 180
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Energy and timing resolution 1 UV line

The energy resolution provided by the internal tagging technique:
p-strip silicon detector ——— energy resolution of 16 MeV (FWHM) (1.1%)
plastic scintillators ———— > time resolution better than 500 ps (FWHM)

1ch =50 ps
0=147 ps

Ey =1478 MeV

e R = strip
r— true events peak
..... Sigma 1200 ,\\
| peaks due to accidental
coincidences
w1 16 MeV —>
EWHM 2.8 ns
0 “ ® s @ _strip
Tagged spectrum
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Time Of Flight resolution

§ 1 Typical experimental Time
3 TS 0ans Of Flight spectrum for the
19°F thin monitor versus the
: tagging  counters. The
104k distance  between  two
: adjacent peaks is 2.8 ns
103k 2808 corresponding to the
1 r] 1 | |- distance between
. successive electron
1% bunches.  The  timing
resolution is =0.3ns
10 (FWHM). The level of
accidental coincidences in
- the main peak is less than

! [,Ll,,u, I R 0.15%.

-1D -5 D ) 1D

Thin moniter ToF (ns)
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EVENTS PER TAGGING CHANNEL

Gamma-ray Energy Spectrum - 3 UV lines

30 000

20 000

10 000

] e e S E— —
0.8 0.9 1 1.1 1.2 1.3 14 1.5
GAMMA-RAY ENERGY (GeV)
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Compton Scattering Kinematics 1/3

2. The maximum energy lost by the electrons after an elastic scattering with a
laser photon is given by the maximum energy acquired by the photon:

2
Eg _ E:fatt - Eymax — 4)/ Elaser ~ 4)/2E

This energy loss is measured by the displacement d of the scattered electrons
from the primary electron beam after the first magnetic dipole. For the ESRF
electron energy of 6.03 GeV and a UV laser line of 3.53 eV, the energy loss is
1.487 GeV and corresponds to an electron displacement at the position of the

Graal tagging detector: d =52.3mm.

The microstrips of the Graal tagging detector measure the displacement d of the

scattered electrons from the main orbit and therefore the energy lost by the
electrons (and acquired by the gamma-rays):

EYOCd
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Compton Scattering Kinematics 2/3

3. From the relativistic kinematics of Compton scattering:

2 dE dE
EVmax = 4);]- EE = 4}/2Elaser and L= 2dy or dy = 1 :
14 7 Staser E, Y v 2

m,

and in general from relativistic kinematics:

dE AE
pdp= %~1 — or A/g’zliz -
)/ y 2\y°) E 2\y" ) E

14 4

since at the ESRF:

Y= E, _ 0030 =11800; 2y°~2.8-10°
0.511

m
we have: e

AE AE AE
Aﬁzé ]; Y~ 1 8, )4 z0.4.10—8 Y A- O_gA_d
2\y°) E 2,8-10° E E d

¥ Y Y
The error in B is reduced by eight orders of magnitude with respect to the relative
error in d (the displacement of the scattered electrons from the main orbit).
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Compton Scattering Kinematics 3/3

20 [~ 1 Green laser line

2500 —
2000 ¢

1500

1000

soo — 3 UV laser lines

70 80 100 110

Mlcrostrlp channels
1 channel = 0.3 mm = 6.6 MeV

6/26/09

4}’2E 2
E = ~4y°E
y max 1+4)/E Y laser
m,
dE
297 pap= ( )dy
Ey %
—52—6030 =11 800; y2~14 10°
m, 0511

A typical accuracy of 0.03 microstrip (= 9 M) is obtained for
the position of a given line, corresponding to 0.2 MeV.

AEY ~2.10% Ay zlAEy 10
Y E,
AB= iz A7 1010 ~10%
v

Published: < 3 - 1012
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Graal Beam Orientation on the Earth

R R S e e —— ——

_ ITALIAN — GRAAL

The Graal beam
points
approximately
to the S-W 3 5
zS'W :;;: gg
(225°) -
230.6° =
v::g‘
» 2 N 081
i cc3 ccz AR
CH3 CH2 \ S »
Earth rotation around its axis: w=7.3 - 10°rad s
Earth rotation around the sun: ®w=2 - 107 rad s
6/26/09
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Graal Rotations and the CMB

Earth rotation around its axis:
w=7.3-10%rad s

Earth rotation around the sun:
w=2-10"rad s?

CMB (97° / NS Axis)

GRAAL beam line
50.625° /NS Axis
approximately

to the S-W

mappamondo estense 1450
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The Graal Experimental Program

y + Qeno+p )7+ney-po+n
y+p—=n+p y+n—mn+n
y+p—a+n y+n—ma +p

y+p—2x°+p

y+p—=a’+n+p

v+ p—K*+ A | Including double polarization
v+ p—K* +2°j beam - recoil observables
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CERN Courier 1999

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

VOLUME 39 | NUMBER 6 |

Photon beams
The Graal of particle

physics

A new particle physics experiment
uses a very different setting : the
28 Jun 1999 European Synchrotron Radiation
Facility electron ring in Grenoble.
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Physics Today 2005
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Features

Pyroelectricity: From Ancient Curiosity to Modern Imaging Tool
Changes in the net dipole moment of certain materials form the basis for a
broad range of IR detectors — Sidney B. Lang

Einstein’s Unknown Insight and the Problem of Quantizing Chaos
Chaotic systems were beyond the reach of an ingenious coordinate-
invariant quantization scheme developed by Albert Einstein, and to this
day, their quantization remains a challenge — A. Douglas Stone

Polarized Gamma-Ray Beams

Polarized high-energy photons are excellent probes of protons, neutrons,
and nuclei. Nowadays they are readily made by shining laser light at a
high-energy electron beam. — Carlo Schaerf

()

Polarized Gamma-Ray Beams

Polarized high-energy photons are excellent probes of
protons, neutrons, and nuclei. Nowadays they are readily
made by shining laser light at a high-energy electron beam.
— Carlo Schaerf
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Vertical yield (o.u.)

Sum {a.u.)

The azimuthal distribution in ¢

~ 0.7 —
T ® yHp—m+p
T 05 L Va
R 04 M Yields as a function of ¢
‘g .3 * for one value of O and EY:
5§ % a) Vertical polarization;

. T °‘; | | b) Horizontal polarization;

0 100 200 300 0 160 200 X0 c) Sum of a and b;
¥ 1 l d) The ratio (a-b)/(a+Db)

'% o8 [ d)
14

The solid line in d presents
a fit of the type:

Ny —Ny —
N, R/ 2 COS(Z(;O)
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T

v Quasi-free proton (uv data)
T+p +(n) -> w°+ p +(n)
Ao Quasi-free proton (green)
T+ p +(n) ->a°+ p +(n)
® Free proton
T+p-> J|;°+p

— Said WIOO (free proton)
GRAAL data are not included

——Said FAO1 (free proton)
GRAAL data up to 1100 MeV
are included

> for free and quasi-free proton
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The Virtex Fast Acquisition System 1/7
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The Virtex Fast Acquisition System 2/7

General Set-up

GRAAL Tagger +

128 bits ECL DATA
| |
|

| 2x64 bits LVTTL DATA
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The Virtex Fast Acquisition System 3/7

Acquisition System

+—> MEMORY

+—) TIMER

Graal Custom

PPC405 |¢—>|e—>»| RS232 «—r

Acquisition
Computer

Peripheral <

PLB Bus

FPGA Vitrex2Pro

............................................................................................................................................................................
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PLB Bus

1

The Virtex Fast Acquisition System 4/7
Graal Custom Peripheral

9 Channel 0 strip counter
’g .....
PLB Bus SH I 64 strip
U <+» | ... channels
Interface
—
Channel 63 strip counter
Strip and plastic
> combinatorial logic
-
Graal controller channels
i o from
— Triggers (TrO, Trl, Tr2) T ammasRay
counters T2 monitors
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The Virtex Fast Acquisition System 5/7

Coincidences and timing

/»l TRx counter [
TRO GRAAL > PL :

choice n counter [~
TR1 GRAAL > _|_> JCh_O counter |—>

/

micro
blaze

>

Serial interf. To PC

Coinc.

PLn [ >
GRAAL S

Ch_i Sistrips »GATE with select PL_n
TRX u
PL n
Ch_i
Hit to counter Ch_i u
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The Virtex Fast Acquisition System 6/7
Key Features

Virtex-11 Pro XC2VP30 FPGA with 30,816 Logic Cells, 136 18-bit multipliers, 2,448 Kb of block RAM, and two
PowerPC Processors

RS-232 ports

User GPIO (4 DIP switches, 5 push buttons, 4 LEDS)

High and low speed expansion connectors with a large collection of available expansion boards

Press

oL Acquisition
= i > Computer
(Trg,r I?’?fr?'rz 8 plastic channels (Trg,r i‘?’?fr‘sl'rZ)
64 strip channels 64 strip channels |
SO | I—
S1g Graal Tagger
Sg
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The Virtex Fast Acquisition System 7/7

Three high current power supplies
with continuous monitoring

Platiorm
Power Flash for
connector storing
and switch FPGA
config-
urations
xsca W
Video >I USB2 port
Port for FPGA
config-
urations
A o | Compact
SATA { o o e Y flash card
connectors . : =4 | port for
for Gigabit FPGA
serial VO config and
R removable
for Compact { storage
Flash O -
10/100 |
Ethermnet —p»

MACPHY PS2
mouse and
kayboard
port

Stareo P
audio via f s
* RS-232
ACoT
codac \ senal port

High-speed expansion connector  Buttons, switches, Low-spead expansion connector
compatible with Digdent boards and LEDs compatible with Digilent boards
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Counting Rate

The new electronics can work at an acquisition rate of 3 MHz. It has been
installed in parallel with the old one allowing the simultaneous operation of
the standard Graal acquisition system for the study of photonuclear reaction
at the old rate of approximately 1 kHz and simultaneously the acquisition of
the data from the tagging detector at the full intensity of the scattered
electrons: up to 800 kHz. In this way it has been possible to acquire one
spectrum of the tagged gamma rays in approximately 30 seconds while the
old system needed approximately two hours to collect a spectrum with lower
statistics.

As a result we have evidenced several characteristics of our detector that
were averaged out before. In particular we have evidenced a very regular
displacement of the detector due to the thermal oscillations of our apparatus
due to the regular variations of the intensity of the electrons stored in the
ring. This variations have been shown in a previous slide. A variation of the
electron current from 210 to 160 mA did produce a variation of the
temperature inside the tagging box of approximately 0.8 degree Centigrade
which produced a displacement of the Compton edge by approximately 25
microns. Fortunately these variations were very regular and reproducible and
could be corrected with a semi-empirical formula.
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Collected Data

In conclusion with the new electronics we have collected:

July 2008 with the UV lines 14765 Spectra
November 2008 with the Green line 18621 Spectra

TOTAL 33386 Spectra

Under very stable conditions.
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