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= |INTRODUCTION

= * Investigations on low emittance and intense positron sources motivated by future linear colliders

®» * Channeling radiation in crystals is providing more radiation and photon numbers than bremsstrahlung under
specific conditions. A first theoretical study using incident electron beams of 20 GeV and Silicon/Germanium crystals
followed by an amorphous W converter showed significant enhancement in photon and positron production as well. A
proof of principle test carried out at LAL-Orsay confirmed the expectations. A collaboration started with theoreticians
from BINP (Baier-Katkov-Strakhovenko) in order to study, in association with IPNL physicists (X.Artru et al) the
main features of this kind of source. An experiment on the transfer lines of the SPS-CERN was decided and prepared
with an experimental group of BINP (S.Serednyakov et al). The experiment done in 2000-2001 provided useful data
and a precise description of this kind of source in terms of phase-space. The collaboration with BINP extended beyond
the CERN experiment with the continuous collaboration of Vladimir Strakhovenko. The promising results of these
studies led to the choice of this kind of source as the baseline for CLIC collider. Further experiments have been
operated at KEK-Tsukuba.

®»  The development of this e+ source was done in the framework of a continuous collaboration between French and
Russian laboratories, mainly with BINP. This talk is dedicated to the memory of V.N.Baier and V.MStrakhovenko
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= RADIATIONS IN CRYSTALS

» * Bremsstrahlung (individual atoms)

» * Channeling and Coherent Bremssirahlung

/ CHANNELING COHERENT BREMSTRAHLUNG
SR T el W
Fast particles undergo collec- / * - ot >~—eo——o \
tiv = o?t;er;u lta o‘r;, v: pt:lc e: g‘"; bos R?diaxion associated with
To- alh st approximation, a aligned crystals includes also “co-
varticle runni ly paral- % i
G Bl () “‘ © e e,
z-azis-feels only €
a continuous potentiall16) : V V critical angle. In that case, the
) poseaiat s particle crosses planes or chains

Figure 10 : A:u'al channeling on a Si < 111 > of atoms and induced oscillations

crystal. with interference effects appear. ;
‘ Figure 11 : Coherent bremsstrahlung.

V(T‘y) =<< V(w-y.z. ‘) B>y _7(27)
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1- MAIN FEATURES OF CHANNELING RADIATION
PECULIARITIES OF CHANNELING RADIATION W.R.T. BREMSSTRAHLUNG

*Enhancement in photon radiation f - i {
** There is a threshold in energy for which ﬁ
the energy radiated by channeling becomes sl 5
more important than that of E ‘
bremsstrahlung: it depends on crystal and E ‘

1= dN/d

y from channeling

incident energy: for W E,,, ., > 700 MeV. j .
For other crystals (Si, Ge, C(d)) the
threshold is higher.

/ v from Bremss.|

Phvs.Stat.Solidi 133 (1986)583-592 ]
** Softer photons

** With channeling the photons are softer

and, consecutively, the e- e+ pairs )

generated by them. The vertical scale is in m.g;\;/dfn; as
the bremsstrahlung has a law in
1/ it is easier to see the difference.

» - 41
Crystal and alnorphous targets of same thickness

R.Chehab/BINP-Jubilee-2018 Simulations with E-=5 GeV; W
crystal [<111> axis; 1.4 mm thick]]
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e OPTIMIZATION OF THE RADIATION CHARACTERISTICS

e # Choice of crystals with good mosaicity: test with y sources
e # Choice of axis vs plan = stronger potentials

e # Choice of high Z materials (for W, Potential well depth Uo ~ 1kV at room
temperature)

» {# Incident electron beam with weak divergence 6 <y, | Wer =J(2UO/E)

* , Moderate crystal thickness: there is an optimum thickness (Lo) for which the .
radiation is maximum at a given collimation angle (V.N.Baier et al.). For GeV e- :
energies:

g max(y”' , W, ) <0y < <0

* Calculations (BKS) give an optimum length of 0.65 mm for W <111> at normal
temperature and at 1 GeV . For this value, the optimum collimation is ~ some mrad
(0, ~ 6.5 mrad)

e In our simulations for IL.C and CLIC projects we have chosen Lo=1 mm for E=10
GeV and Lo = 1.4 mm for E= 5 Geyv.
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2-CHANNELING RADIATION AND POSITRONS

At the end of the eighties, a group from Orsay proposed to
replace the magnetic undulator’ by a crystal to create an intense
beam of photons; the proposition was presented at PAC 1989

An hybrid source using an atomic undulator (Proc. of PAC, Chicago, 1989)
R. Chehab, A. Artru, F. Couchot, A.R. Nyaiesh, F. Richard

Cofmwer ler
= e ="' accelesrator

ol
- £ = = - T _5 = — v e
- 1 - I e e » { — J =
" acceleratar e =

Crystal Mastcheng
optscs

Figurc 6 : L_avour of a POSIIInOnNn SOWrce wusing channcling

Simulations of an hybrid source made of Ge or Si crystals as radiators and
amorphous W as converters:

For Ge and Si crystals oriented on <110> axis and 1 cm thick, we had e+ accepted
yields of 0.5 to 0.6 e+/e- for 0.5 Xo thick converter and 1.2 to 1.3 e+/e- for 1 Xo thick;
the incident e- energy is 20 GeV

* Use of a magnetic undulator for production of polarized photons was proposed for VLEPP
(Balakin, Mikhailichenko, 1979)
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O PROOF OF PRINCIPLE AT ORSAY (Photons only)

BEAM C

n My

U __/ A

T G A - N  CAL.
T: induction monitor
G: goniometerscrystal
A: bendiog magnet
P: profile monitor (SEM grid)
C: collimator

N: scintillator
CAL: calorimeter
Fig. 10. Lay-out of the channeling experiment at Orsay.

The idea supported by V.N. Baier led to a simplified scheme where only the photons were
measured. Such experiment was done in 1992-93 by French physicists with participation of a BINP
colleague (TI. Baier)
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| = PROOF OF PRINCIPLE
0 THE RESULTS OF ORSAY EXPERIMENT

I | ~ 90000 N
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| Fig. 12 Average pholon energy, in arbitrary uaits, versus till Fig. 11. Photon yield s radistod cacagy from & 1 man- Gnck
' angle between (111) axis and clectron beam for an incident B ms,lal,vms Gt angle between “.“) i wnd d“l,“’"
: \ beam for an incident energy of 2 GeV. Rotation axis is the vertical
o 074 sV, Refation 33 & e Merticsl ane, ¥y cefimain one, the collimation angle is | mrad (from Ref. [14]). Both curves

anglo is | mend (from Ret. [14) are represented in arbitrary units for the vertical scale.

On the W crystal <111> axis, we observed an enhancement in the production of soft photons with respect to the

random regim morphous
andom regime (amaorphous)
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» STUDIES FOR AN INTENSE POSITRON SOURCE USING CHANNELING

®» Photons created in oriented crystals (Channeling, Coherent Bremsstrahlung, Bremsstrahlung)
and materialization of these photons in e+e- pairs could be carried out in the same target or in
two separated targets [radiator and converter]:

» * Thick crystal . E e+, e-,y
e-

» *Hybrid

03 /CERN
[~ 10
® ” . e 4 b ‘ Crystal:5i, Ge, C(d), W
HYBRID SOURCES " b - el /o
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» THE ALL-CRYSTAL SOURCE
» THE WA 103 EXPERIMENT (CERN)

s, Coners X
®B

coincidence and

anticoincindence 7%
trigger counters | @B Y 7
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preco-405950
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-_-—
I6m 10m

Fig. 1. The setup scheme. Drift chamber in two parts. DC1 is outside the magnetic field. DC2 is in the magnetic field of MBPS magnet.
MBPL is the sweeping magnet.

Involvements of young physicists from BINP and TPU (S.Burdin, V.Sharvy, T.V.Baier,
K.Beloborodov, A.Bogdanov) have been essential.
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CRYSTAL POSITRON CONVERTERS: asingle crystal plays the role of radiator
and converter.

* Experiment at CERN: WA 103: a single crystal (4 or 8 mm thick) , oriented on its <111> axis
and submitted to high electron energies from 5 to 40 Ge\. The yield is depending from the
incident energy and on the crystal thickness. We are showing the positron yield obtained with a
8 mm W crystal and an incident energy of 10, 20 and 40 GeV (measurement on side e~ counters)
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Figure 115: Rocking curves. Figure 116: Rocking curves.
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SOMERESULTS OFTHE CERN EXPERIMENT WA 103

Enhancements in photon and positron production were measured for 4 and S mm
crystals oriented on <111> axis. Comparisons with random orientation showed an
enhancement of 4 for the 4 mm crystal w.r.t.amorphous of the same thickness (figure

below) ,whereas it was of 2 for 8 mm crystal.

s
0.3 = 0.5
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- -
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-
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of ~
= o3 $~ nl-—
= - = o
E : ;4 o
= - £ s
g 02 - E 02+
- = < o 4
- o
s L
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-
s
-
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Energy. MeV Angle. degree

Fig. 11. The positrons horizontal momentum g, (left) and angular (oight) distributions for one incident clectron and 4 mm thick target
The cleciron encrgy s 10 GeV. The points with error bars are the experimental data. The histograms are the simulated spectra. The
upper histograms and points on the plots correspond 1o the aligned crystal, the bottom histograms and points to the mndom crystal
orientation, These distributions are corrected by the reconstruction efficiency and the detector acoopance

Ref: R.Chehab et al. Phys.Letters B 525 ( 2002)41-48 and X_Artru et al. NIMB 240 (2005)762-776
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EXPERIMENT WA 103 (CERN)

It is interesting to represent the collected positrons in a dlagram (pL. P1); as the capture
magnetic system is defined by (max[p; ] and max[pg] it is easy to derive the number of collected

positrons. Data has been gathered for 4mm and 8 mm crystals.

12 Xtal 4 mm, 10 GeV

12.1 Two dimensional map
:; 125 "C ::
= 1125 ool =
(o 10 = 0014 = =
875 = 0.012 ;
7.3 - 00! g
6.25 X
0.008 ©
5
0.006 &u.
3.75 -
2.5 3 0.00¢ o
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o ——— — 0
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Figure 119: Experimantal map
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WA103: POSITRONS ACCEPTED IN GIVEN PHASE SPACE [E-=10 GeV: I(cryst)=8mm)

Table |
Positron yield: 8 mm crystal/10 GeV incident energy

S<p, <25 MeV/e 5<pL <30 MeV/e 5 <py <40 MeV/c
Experiment
pr<4MeV/e 1.16 £ 0.04 1.28 £ 0.4 1.43 £ 0.04
Pr<6MeV/c 1.66 % 0.05 1.85 £ 0.05 2,13+ 0.05
Pr <8 MeV/e 211 £0,07 246 £0.08 2.90 % 0.08
pr < 10 MeV/e 231 £0.08 275008 3.3240.08
pr<12MeV/e 240 £0.08 294 0.9 367 +0.10
Simulation
Pr<4MeV/e 1.34 1.49 1.69
pr<6MeV/e 2.06 2.32 2.72
Pr<8MeV/e 2.56 294 3.51
pr <10 MeV/e 283 3.30 4,03
pr<12MeV/e 293 349 4,35

Domains defined in longitudinal p and transverse pr momenti.

It can be seen that such crystal converter satisfies the requisites for a linear collider (1e+/e- at IP)
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e« CRYSTALCONVERTERYvVs HYBRID SOURCE
* Some experiments have been carried out at CERN and KEK with different
configurations:

e * Thick crystal (radiator + converter)

e Exp. CERN (WA103)

or
+
y ¢
i 0
= $
8 mm crvstal &
- 4 mm crystal 4 mmamorph. 2 °
Both kinds of targets have been
tested at CERN.The positron vield
was the same for the 8 mm crvstal as
for the (4 crystal +4 arnorphous) . Fig. 12. The positrons energy spectra for the | kG magnetic
; b . ~ Beld mormalised per | incident electron. The MPOCtES Are ot
X.Artruet a_l_ NIMB 240 (200)) 762 Corrogted "y' the reconstraction efficiency and the detector
b - y sceeptance. The dark points represent 1the § mm orystal ¢ 1
=» It is not needed to have thick crvstals The open points, the 4 mm crystal tarpet + 4 o .m.:\‘:..
- target™. The Metogram s the % sun orysial smalation The

electron encrgy » 10 GeV
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» THICK VS THIN CRYSTALS IN AN HYBRID POSITRON SOURCE
= The choice is determined by the photon yield, the energy deposited and the PEDD:

= Simulations for a W crystal submitted to 5 and 10 GeV e- = thin crystals are preferable

60
55+

10 GeV

50
45
40
35
304
25
20
154
10

Crystal thickness (mm)

Fig. 2. Total photon yield versus erystal thickness for ineid
energies of 5 GeV and 10 GeV, Eqp o — 5 MeV: upper curve
50 MeV: lower curves.
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=
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Fig. 3. Total ene¢rgy deposited in the radiator: rat

E —5and 10 GeV.
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e
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)
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/
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24 e 106GV
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" 5 GeV
L S e S T T N o T I
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X.Artru, R.Chehab, M.Chevallier, V.M.Strakhovenko, A.Variola, A.Vivoli, NIMB 266 (2008) 3868-3875
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= HYBRID SOURCES
= WHY USING AN HYBRID SOURCE:

= * Use of a thin crystal leads to less energy deposition in the crystal = less heating =
preservation of the high available potential well depth=>» more efficient channeling.
Less deposited power on the converter (sweeping magnet)

® In the converter the density of the energy deposition is getting lower because of the
elimination, by the sweeping magnet, of the charged particles coming out from the
crystal and also due to the distance 2-3 meters between the two targets. This is
important to lower the PEDD [Peak Energy Deposition Density] which is harmful {cf.
SLC target}
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« POSITRON SOURCE EXPERIMENTSAT KEK

* Two kinds of positron source tests have been operated at KEK:

° * Experiments with an hybrid source
° * Experiment with a crystal-radiator-converter

* 1- EXPERIMENTS WITH AN HYBRID SOURCE

erystal | 0 i -
¥ . -t dmowphe ’ vecvwm (10 o) :
- . mm

Y * |
COMMI.ONn and Deector |
\ :
. 1200 !
- |
Srgle Cryvts Target Amorphous Converver Target '
W, £ =3 w) (W, 1+ .75 10 18 vn) [

"""""“._"‘""“' [ wrh Thermocoupe

~
\‘- Sweepng Mag

CI ...... coonh SEIEIIN condoed o S ——, - :
B GaV electon | 800 |
|
I 1852 / 113 |
Rt d l

amorphous/ Drawing from Y.Uesugi et al. NIMB
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TEST OF AN HYBRID POSITRON SOURCE AT KEK (2009)

The W crystal is 1 mm thick and the amorphous W is 0.4 mm thick. Impinging electron
energy on the crystal is 8 GeV.The sweeping magnet being on, only yare incident on
the converter. The enhancement due to channeling is clear.
0.4mm Vs
i sweep s e
mag 0.
Graph rot. in vertical plain (Graph] - —rot. in horizontal plain
300 t -
300 =
260 m‘ 2
3 =
240 240" 2
b >
220 220 g
200 200 - ’:‘
100 100" S
100 100
14°£ | 140
. .y - o " 3 | PPN PPN WA PRI TN

10 -5 ° s 10 5

angle of crystal w.r.t. beam (mr)

Communication fromT.Takahashi

e

(Hiroshima University)

B
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TEST AT KEK OF AN HYBRID SOURCE WITH A GRANULAR CONVERTER

Following an idea of P.Sievers for the target of a neutrino factory (protons on target =» w+m- =PU+HU-=> V), we
considered a granular target made of small W spheres (2 mm diameter) instead of the compact W target.
Four granular targets were built at LAL (2, 4. 6 and 8 staggered layers) and sent to KEK. Simulations have
shown the ability of such targets to serve as converters providing equivalent yields and better performances
for the deposited powers and Peak Energy Deposition Density (PEDD). For example the yield for a 8 mm
compact converter is close to that of a 8 layers ghranular.

il
With respect to bulk targets a granular target made of small spheres (¢~ 1 mm) presents better heat dissipation
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THE GRANULAR TARGETS: CONVERTERS USED AT KEK

4 granular targets of 2, 4, 6 and 8 layers
have been realized at LAL-Orsay and
sent to KEK for the tests. The W sphere
radius is 1.1 mm. The incident photons
rom the crystal are impinging on a
layer made of 10x10 spheres. In the
staggered disposition of the layers and
using always an even number of layers,
the exit face of the converter has 9x9
spheres with a central sphere on the
axis. That allows to put a certain
number of thermocouples on the exit
face and especially on the centre of
the exit face which corresponds in
principle to the warmest position of the
target. That helps for the PEDD
determination.
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TEST AT KEK OF HYBRID SOURCE (GRANULAR CONVERTER): october 2016

Translation stage: Granular targets + Reference target (8 mm compact) + photon detector (Diamond)
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TEST OF THE HYBRID/GRANULAR SOURCE AT KEK: EXPERIMENTAL CONDITIONS
* EXPERIMENTAL CONDITIONS:
E-=7 GeV; single bunch (f=1 to 50 Hz); q(bunch) = 1-2 nC;

Emittance (norm)~ 150(H)/63(V) = mm mrad; beam divergence< 0.1 mrad

Crystal W: 1mm thick, <111=> orientation
Granular targets: 4, 6 and 8 layers; Compact target: 8 mm thick

All amorphous targets on a translation stage; also for the y detector

¥y ¥ ¥ ¥ ¥ ¥ ¥ Yy

Temperature rise on the converter : = thermocouples

I.Chaikovska et al. article in preparation
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DETECTION OF PHOTONS AND POSITRONS:
* PHOTON DETECTION

# crystal alignment using photon detector: CVD diamond detector 500 pum thick;
electric field 400 V on electrode of diamond for charge collection; other electrode
connected to Lecroy scope. Weak interaction efficiency (<1 %) but enough y rays
(>10'" ). The diamond detector has 4x4 cm? dimensions.

* POSITRON DETECTION

# after the bending analyzer, Cherenkov Detector (Lucite, 5 mm thick)
=» four values of E+ were chosen: 5, 10, 15 and 20 MeV.

* TEMPERATURE MEASUREMENT

# Thermocouples with area <1 mm? ; glued on W spheres of the exit layer (with
epoxy thermal conductive paste). Dynamical range: 0-100° C.

¥y ¥y vy¥y
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» TEST AT KEK: RESULTS

» * ENHANCEMENT IN PHOTON PRODUCTION : ROCKING CURVE

» Using the photon detector (diamond) TRl R

» a 2D angular scan provided the rocking a" :.’:

» curves, on which the crystal alignment = ';’ "‘

» is based. The enhancement is slightly § o "}l_gl,' "‘-|<‘h_, |

» larger than 2. 3 s gllBR Ty e

Figure 4: Rocking curve measured by the diamond sensor.
Collected charge by the diamond sensor is plotted as a func-
tion of the goniometer rotational angle.

R.Chehab/BINP-Jubilee-2018




USE OF CHANNELING RADIATION IN CRYSTALS
FOR INTENSE POSITRON BEAMS

» TEST AT KEK: 2D SCAN FOR THE PHOTON DETECTION

» A2Dscan (x5.7°in 6, and 6, ) 100 __Diamond Sensor signal normalized by WCM
» associated to the diamond detector 80

» allowed observation of different 50

» channeling directions. g

» The dimensions of the diamond :;: ”

» detector were: f J

» * thickness 500 um 2 e

» * transverse dimensions: 4x4 cm? &0

'

50

Horzontal angle [mrad)

Measurements at KEK by V.Kubitsky, I.Chaikovska et al. October 2016
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» TEST OF THE HYBRID POSITRON SOURCE AT KEK: POSITRON YIELD

Positron yield has been measured
for 4 VCI|U€S of positron energy: 5' ‘IO' 05 Momnn(umnm.OcanQL. targol. SM ON. (AXIS ON/OFF) :
| —Q—Alli?g:‘l
15 and 20 MeV. On the figure we )

present the experimental results for

a é-layers granular converter with the

2 situations: crystal on axis and off axis..

Signal amplituce normaized CH1«CH3
~
-

Enhancement in e+ production can be

observed in channeling conditions. 00|

! . \ )
4] 8 10 12 14 16 8 20 22
Postron momoemam {MeV/c)

Measurements at KEK by I.Chaikovska et al, October 2016
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» TEST AT KEK: TEMPERATURE MEASUREMENTS ‘
»  Temperature rise bunch per bunch(1Hz)
» onsome W spheres and on bulk converter. 2
»  Different colours=Diff. thermocouples. = 8 =
»  PEDD derived from the temperature rise 3 0285
» on the central sphere of §265 =@ =
k) g 28
» the exit face. Yy | s
3 | 38
%
a
§ 5 26.5
285 s (O e
%
120 124 126 126 127 128 18 R 3 U 36 38

Time [sec| Time [sec|
k-
k Bulk converter/8mm Granular 6-layers
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» APPLICATIONS TO e+e- COLLIDERS

Hybrid scheme A baselineé desigmsor fheé CLIC positron source
Requred 4
“urch
Digtanc e (¢rystai-amonohous) st
~.{ = peam i e %
D" edbunch - v 3
y -—M'x/ A
Crystal thickness 14 m AMOnous hickness 1D
Cremedsom BeTTEEE Yield: 8 etfe- (total) => ~ 1 e+/e- @ 200 MeV => CLIC requirements are
Mstorind Tuapsten w
[ Thichuem (rocintes Wegd) | 84 | ;
Thichams (hogtd) LAn —mn
Eeaorgy teposare «1 W
Target Parstseters Amswrgpbous T
\Lsteriai Tusgetess | W
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USE OF CHANNELING RADIATION IN CRYSTALS
FOR INTENSE POSITRON SOURCES

» 2- ILC linear collider: The high e- beam intensity is leading to some modifications :

Considering an application to ILC, we are JES— ' oo at) e
proposing after . Omori to modify the beam
time structure before the target, (see figure)
recuperating the nominal one after the DR. In
that case, macropulses with a duration < 1 Us
are impinging on the W spheres. Considering i :
5 = = D L | maswgrees |l T ats  Mrw)
the small spheres dimensions, there is a stress
"n . g

relaxation during the temperature rise due to

a shock wave propagation shorter than the

heating time (~1 HS) . As an example, for the

ILC conditions, the radial stress due to a S ‘ ‘ l ‘

pulse is about 10 times lower than for a Dirac

T AWEW VL aawten A e

pulse. P. Sievers (CERN) is analvzing such
effects (see POSIPOL series) ‘ Figure 4.1 TLC beam structure. KEK scheme/42]

Studies on thermal shocks have been camied out by Song
Jin (IHEP) and Peter Sievers (CERN).
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ILC Linear collider: results of simulations

Granular target: 6 layers

O b

Total positron vield of

about ~14 e+/e- ——
Deposited energy of ~400 MeV/e- —
Energy deposition density.

of about ~1.4 GeV/cm”3 /e-

¥y ¥ ¥ ®w W W W

¥ Amorphous
Magnet targst

Figure 5.1 Tivhrid schene using crystal suc gramlar targ=t for 100

W crystal <111>, 1 mm thick
Incident energy: 10 GeV
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USE OF CHANNELING RADIATION IN CRYSTALS
FOR INTENSE POSITRON BEAMS

UNPOLARIZED POSITRON SOURCES USING
CHANNELING FOR FUTURE COLLIDERS

FCC-ee POSITRON SOURCE i, .
w o- Drive Linac o 0-'0:'"“_
4 46 GeV . SGoV e+ beam

266 » 10® e/bunch ~ 4.3 nC P> imn
{main e- beam)

53 = 10" e/bunch -~ 85nC
(for e+ production)

2 bunches/pulse spaced by 60 ns Reguerement i DR
2 66 x 107C =~/bunch (4.3 nC) 2
0 & esie- without safety factor

e+ acceleration up to 1.54 GeV

u
G, 9, 0, Q o a o

+ o L
b, By e | I e mnparatos A
‘|}‘\ i — — Matching secbon FODO wmructur
) R
\ T —— -
l\ Sk == Barlin, GenTam
'l
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USE OF CHANNELING RADIATION IN CRYSTALS
FOR INTENSE POSITRON BEAMS

Positron Sources

e ,
—_— @ ~£ 1) bremsstrahlung and pair conversion
) el N S

« Classical e+ source

TARGET « It was smployed o produce e+ baam al the exisling machines (ACO_DCI SLC
LEP, KEKB )
..... dnstance few meters
& 2) Hybrid positron target: Two-stage process fo generata positron
T / beam. Channeling (crystal target) and pair conversion (amorphous
B JENV T \ . a
WAV i
Y., \ v - Use the intense radiation emitted by high energy (some GeV) electrons
c'a, _ Sy T e channeled along a crystal axis => channeiing radiation

- Charged particles are swept off after the crystal target => the deposited power
and PEDD (Peak Energy Deposition Density) are strongly reduced

« Granular target can provide befter heat dissipation associated with the ratio
Surface/Volume of the spheres and the better rasistance to the shocks

Recent ez to replace the
Dulk fargetconvertes by 2
granular one made of small

spheres

Several expenments had been conducted to study the hybrid e+ source (procf-of-principie experiment in Orsay
experiment @ SLAC, experiment WA 103 @ CERN and experiments @ KEK),

12017 Chnradie Agget-c irertis 5 | Chamonsks - FOC week 7 7 (B=1in. Germany)
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» ASOLUTION FOR FCC-ee BASED ON CLIC SOURCE

ljybrid scheme

* Flux Concentrator (FC): peak field is 6 T, DC solenoid field is 05 T, length = 20 cm, aperture 40 mm

« Accelerating structures: L-band 2GHz, 25 MV/m, aperture 30 mm

| @ 200 MeV @ 2.86 GeV
e+ yield, Ne+/Ne- 0.88 0.97
Emittance norm, ym 9 9

rad

w CLIC e+ source design seems compatible with the FCC-ee requirements => optimisation with FCC-ee
beam parameters.
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USE OF CHANNELING RADIATION IN CRYSTALS
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» A COMPARISON BETWEEN THE TWO OPTIONS: CONVENTIONAL/HYBRID : FCC

» General conditions; E-=5 GeV; o =2.5 mm; bunch q = 8.5nC; pulses of
2 bunches at 200 Hz; beam power: 15 kW.
» Kind of source Deposited energy PEDD
» Conventional 4.5 Xo 2.7 kW (17%) 2.1 J/g
» Hybrid-Compact 1.2 kW (8 %) 1J/g
» Hybrid-Granular(6-layers) 0.85 kW 0.6 J/g
» For the sake of comparison the incident electron energy has been taken as 5 GeV

instead of 4.46 GeV, due to available results at 5 GeV.
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USE OF CHANNELING RADIATION IN CRYSTALS
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PRELIMINARY CONCLUSIONS

* The hybrid positron source using channeling to enhance photon
generation and henceforth positron production has been investigated and
experimented successfully at CERN and KEK. Its use in linear colliders,
where the high intensity is a challenge, can be considered, as shown for
CLIC where it has been chosen as the baseline. For ILC, its remains an
interesting solution because the deposited energy in the converter as the
PEDD are lower than the equivalent (same yield) conventional scheme. A
cooling system for both the crystal and the converter are foreseen.
Concerning the circular colliders, as FCC-ee, even if the deposited energy
and the PEDD are much less a problem because of the lower intensity, it
presents still an advantage for these two parameters with respect to the
conventional solution.
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USE OF CHANNELING RADIATION IN CRYSTALS
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This activity has been developing through a large collaboration involving:
LAL, IPN-Lyon, CERN, BINP-Novosibirsk, TPU-Tomsk, KEK,
Hiroshima University, KIPT

e A particular tribute must be given to our colleagues and friends of

| Novosibirsk with the theoretical group (V.N. Baier', V.M.Katkov, V.M.
Strakhovenko™) and the experimental group of SND guided by
S.Serednvakov. Fructuous collaboration with A.P.Potylitsin and his group

was helpful. Interesting exchanges with the theoretical group of KIPT with |

& N.Shulga were appreciated. The effective collaboration with KEK allowed |

the experiments on positron sources based on channeling to go ahead,
thanks to I.Suwada, M.Satoh, IT.Kamitani, K.Furukawa and others.

~* In LAL and IPNL, many people have been involved when these studies

5 started (X.Artru, F. Richard, F.Couchot, R.C.,M.Chevallier, J.Remillieux,
J-C.Poizat, D.Dauvergne, R.Kirsch); later, A.Variola, A.Vivoli, O.Dadoun,
I.Chaikovska, H.Guler and the PhD student from ITHEP: C.Xu. In CERN,
P.Sievers is continuing his very helpful collaboration.

e This activity is requiring very opened and intense collaborations.

T e e e T e

SPECIAL THANKS TO IRYNA CHAIKOVSKAWHO IS LEADING, NOW, THE R&D ACTIVITIES ON POSITRONS AT LAL
AND TO XAVIER ARTRU WHO IS FOLLOWING THE THEORETICAL ASPECTS OF THISACTIVITY
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- BACK UP SLIDES
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RADIATION DAMAGE EXPERIMENT AT SLAC

A 0.3 mm W crystal has been installed upstream of the SLC positron converter. It was irradiated

during a period of 6 months. Incident electron intensity as beam position and dimensions on the
crystal were continuously controlled.

Quadrupoles —

for Focusing Systcm e~

TORO ;!4} I I I I }:SI'()II_IER B!ll T(‘:);lﬂ N

175 184 76 ¢ 10 mm

t =03 mm
| 59.50 mcwers 1

| = |

Figure 3: The SLC experimental set-up

Ref: R.Chehab et al. Proceedings of EPAC 1998 Conference , Stockholm, june 1998
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USE OF CHANNELING RADIATION IN CRYSTALS

FOR INTENSE POSITRON SOURCES

RESULTS OF THE CRYSTAL IRRADIATION AT SLAC

The SLC beam: E=29.5 GeV

average intensity: 2.5x10!° /pulse
Frequency: 10 and 30 Hz
Integrated intensity (6 months): 1.2x10'? e-
Spot area on the crystal: 6.2 mm?
Total fluence: 2x10?° e-/cm?
Analysis:
X-ray and y analysis have been operated by
diffractometry methods at the Max-Planck
Institue of Stuttgart, before and after
irradiation. No modification in the mosaic
spread of the crystal was observed. The result
of the measurement done after irradiation ids
shown. The damage threshold should be
higher (for e-).
That fluence corresponded to the level of
appearance of damages on a Si crystal hitted

B\ S
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Figure 4: Mosaic distribution function of sample C2 ob-
tained by y-diffractometry. The 7 beam is on the irradiated

zone.



USE OF CHANNELING RADIATION IN CRYSTALS
FOR INTENSE POSITRON SOURCES

TEST AT KEK OF A Si CRYSTAL WITH HIGH INCIDENT INTENSITY

Tests have been operated at KEK
with a Si crystal 2.55 mm thick
submitted to a 8 GeV and single — C e
bunch e- beam. o— High gain PMT
Positron yield was measured in i
function of the bunch charge,
growing from 0.09 to 1.9 nC. The
range of bunch density was (0.15-
1.2) x104 A/cm?

The results show that the positron

b
S

I~
r

o
o
P, ~ S

s
k=
—*
—C

Relative position yield [a.u]
>

yield increases linearly with the | __ : b

charge: no abnormal behavior of | @

the crystal. i o i T
The fluence was high enough >10?2 ’ " ChargemC] -
e-/cm?

Fig. 6. Positron yields as a function of the bunch charge at a positron
momentum of 20 MeV/¢. The solid curves drawn through the data are the
Ref: T.Suwada et al. NIMB 252 (2006)142-147 fitted linear functions.

AP IS
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INFLUENCE OF THE CRYSTAL TEMPERATURE ON THE POSITRON YIELD
2.2.2  The Crystal in Warm Regime

Heating the crystal, with the energy deposited by the shower, makes the
thermal vibration amplitude w; larger. As the radiation intensity

U(eV)
spectrum, in channeling conditions, is a decreasing function of w.” this

Q00 —
3 R . T =293
intensity becomes lower when the crystal is heated. ! 12 = 300
We can observe the effects of the temperature on the continuum 732 Va8
> - . “ - ‘ HOO \
potentials of the (111} axis (Figure 9). These potentials have been
estimated using the expression given by Baier ef al "’ L ——
WA I 1) = WK |
800 \ i ——
Uex) = Volin(1+——) —tn( 1+ ' (8) \V
ix) = Vo ; == X } Y
x4 b xo kb W
W "I"\
where SR
| \\\
o Vo= Ze')d=430V, for the tungsten crystal oriented along its {111) " RN
. el e
axis, l'l'.-:cwl;l Ry 3
9 < . ’ , . Lo WL A S
e x=p/al; pbeing the distance to the axis and a., the screening radius, i
e b= 2u}/a’; uy being the thermal vibration amplitude, R T Y ¥ R YT T S T
. v Lt ; ; PR : A
e xg = S/ma’: S being the entire area associated with individual axis,
. . . . ' ’ A FIGURE 9 Continuum potentials for the (111) uxis of the tungsten crysual The
e u; is increasing with the temperature; its values is derived from temperatures ste expressed in K
Gemmel'' and given in Table L.
[ABLE 1 ‘Thermal vibeation amplitude (u,)
Ref: X.Art - . i TIK) 400 Sho 00 700 8O0 10040 1200 1400
el 2A.Artru et al. Particle Accelerators ‘01.59,(1998)19—41 UTHERM (4,) 0038 0065 0071 0077 0082 0091 0100 0109
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