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Crystal collimation of hadron beam
at CERN, the UA9 experiment




UAR 3 Collimation at colliders e

— Passive protection for | ’ {— 150
fast losses e | o
~ Cleaning and abSOrplion for e
slow losses | 5o
— Defense against radiation :;,g’arvl';;;ondary o L 100
. . halo ertia | 150
— Reduction of physics N halo ‘ {
rimary Sec_ondary _ :
background R

High luminosity requires (eventually) high currents

At 7 TeV 1/50.000 proton lost makes a SC magnet quench!
P

Cleaning
Efficiency




UR 3 Traditional concept EN

> How it works ?

= A short scatterer deflects the primary halo
= Along collimator intercepts the secondary halo

= The amplitude of the halo particles increases via
multiple scattering and multi-turn effects.

:Pm:: r r, S_eware_of the

5 iffractive events in
—hale-p)— Secondary halo the primary

> n P

> They are a limiting

- factor for current

2 LHC collimation

L EY system
<x’?>~L |35

S ~

e Tertiary halo

o
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E. Tsyganov & A. Taratin (1991)

channeled

X3
5" L
_ha-l-O—‘L'Pu)—> UA 'mpinging impact parameter : b

, proton . Ay

> impact angle : b

> | Crystal

5

<dx'> # 102 yrad P —
Tertiary halo

L # a few mm

Coherent deviation of the primary halo

\)
Absorber
\ —
N

- Larger collimation efficiency

Very small probability of inelastic interaction in the crystal - Less impedance

Jun 2011 14th

- Reduced tertiary halo
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: Flg 2. The ontmuum potential of the (1 11) silicon channel (a) and the eﬂ'echve planar .

potential for the crystal bent with the average curvature (b) and wn.h the maximum one

(c) a.t. the bending angle ol 8.9 mrad. The crmcal transverse encrg €s of particles E}; *

. E2, for the wide channels in the bent _crystal are shown by the dashed and dot-dashed

lines;’ accordmgly in fig.2b and f‘g 2. The same \alucs of Exc in the straight channel

. potential are shown in ﬁg 2a.

Crystal channeling (I

J. Lindhard, Phys. Lett. 12, 126 (1964)
E. Tsyganov , Fermilab, TM-682 (1976)

Charged particle entering crystal

with angle wrt lattice place smaller than

a critical angle U
v <0c = E

Oscillation within the lattice planes!
Particles trapped!

If the crystal is BENT, additional
centrifugal potential.
Charged particles are deflected!

In silicon (110) 400 GeV protons
0, ~ 10 urad
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Rotation angle [prad]
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Rotation angle [prad]

0 50 100 150 200 250
o) .
£ 200 Chann.ellng
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o
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3 100 W. Scandale et al. PRL 98, 154801 (2007)
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Rotation angle [prad]

0 50 100 150 200 250
T oo Reflection
& = .
2 behavior
2 150
L
> 100 W. Scandale et al. PRL 98, 154801 (2007)
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UR-2 Crystals e

Quasimosaic crystals Chemical etching Strip crystals

o
£
©
c
)]
o
2
E:
© S. Baricordi et al., Appl. Phys.
g Lett. 91, 061908 (2007)
¥ Bending driven solely by anisotropy ¥ Bending driven by 2-D elasticity law
Jun 2011 14th G.Cavoto 11
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CERN Accelerators
(not to scale)

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Seperator OnLine DEvice

PSB: Proton Synchrotron Booster
PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring

CNGS: Cern Neutrinos to Gran Sasso

Jun 2011 14th

UA9 @ SPS NN
(P

An international collaboration
60 people

CERN, ltaly, Russia,UK, US
[INFN FE, LNF,LNL, NA, RM]

AN
UA9 collimation

region

— \;’?*“L}@ Isokde
SN
LlNAC2—-'//4—:F— |
UNAC3 —— R |
»— |
SRR

LER - L
N To Gran Sass:

CITF3
¢

Data-taking during dedicated Machine Development days
with SPS beam in coast mode (~5 in a year, in 2010
4 with protons and 1 with Pb ions
Extracted beam (microbeam at H8) tests.
G.Cavoto 12



Protons BLM Scint Exiemal Side (Wall)
hitting s | o . B
7 Inelastic interaction of protons e | s
the crystal :
BEAM || oy 1; Gonio 2 n the CWStaI D—E
— [t S = = = = = - - - - - - - - - - [ ==
3 Deflected b 1Em
D -
T 1 BLM GEM SISO =L ; a
il i |
;< 3m > 34m =:< 3.5m—>14—
Intercepted by Roman Pot 1
LHC 2 as) Absorbed
collimator EXT = by secondary collimator
-t - (TAL)
:'*_ ' XRP.51937 TACW.51998 - |QF52010| !
=== - > A T
R R || Imaged by Y [ N !BLM Scint
; . Medipix Nen A
— 4 5m—»ie——1.5m >t 15m b 2M—le—2 8M—pe—— TM—»j«35Mse— — >
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BLM Cerenkov

G.Cavoto
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URY  Out of collimation region |

‘I EEEEEE,
' .
. a metaleamwss ¥ TAL2 AI SCatterer
L d : ooac| ° ExternallSide (Wall)
. .
i - : %
BRCZV.52102 BRC@52105 2 TAL.52196 e
D . . sfnnn '/ ">
- H N 2
R | I n | X = L
| QF.52010 '3 @D.52110 Quartz Absorber =l [/ |saF.s2210
________ D ', - (| [= |——- B “ 100mm Alu » M
I »
. | | l ¥ : ] Quartz 3 ) : . :
| || s I I : . !
I ' | I L ] ! | [ ] [ |
| vertea | Horzontg A | 1 | = I
scntliatol  scintillatog = Li ] Ui 2 [ ] [ ]
| I = e a | endpomusiplier inear 1 | inear . ] . i
[ I u T (axis V1 from XRP3)  (ais V2 from XRP2) L) | g |
: . M EREREE A4
28 5m—>|<— 3m —— pe——25 5m————»+——3m —>—3m—>)|
. :
2 [ ]
2 [ ]
| L]
‘. EEEEER I’

New scatterer + BLM (scint, Cerenkov, ionization ch.)

in highly dispersive region to detect

1) off-momentum particles (produced in the crystals)
which are displaced lateraly

2) any not absorbed secondary halo

Observe the spray rate as a function of scatterer lateral position
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UR & SPS UA9 devices INFN

IHEP tank with goniometers Strip crystal in IHEP tank
Angular resolution = 10 urad
— [

"‘/,/ k‘vJ

>

TAL absorber & Quartz Cerenkov detector

x_\\_,‘ \ 1
1 \ ‘,

High quality mechanical devices, accurate motion system
Jun 2011 14th G.Cavoto 15
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ons

1) Search of the closed orbit, 2) redefine

Alignment procedure (I

the beam at how many sigma we want.

||||J||||||II|||I|JII|

Same distance from

/ closed orbit

nnnnn

Collimator jaws positi

-« & & £ & . & %
5—IME|III|HI|III|III|II [

Crystal and all UA9
movable devices
are aligned during
each fill.

Standard and fast
procedure to find
channeling
configuration and
collimation!
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Roman

— Movable device housing

detectors in secondary
vacuum

» Used to acquire images

»

of channeled beam
Relevant to measure

channeled beam
direction (from centroid)
and flux of proton of channeled

beam

Vertical displg:ement

Horizontal displacement

\ 4

Medipix 1 plot

UA9Medipix

0 20 40 60 80 100 120 140 160 180 200 220 240

X

Medipix name : XRP.51937-H1

[[] Auto maximum
Maximum :

100

(=J= ]

Online picture with Medipix

Jun 2011 14th
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UR 2 Angular scans s

* Reduction factor of the inelastic losses due to inelastic
interactions in channeling versus amorphous orientations.
— Measured with LHC-BLM and GEM detectors
— Very reproducible in several scans and fills

Losses in amorphous regime

10

X — -
5 [ : - 53—+ :
IE. - HJL HMUJJWL | ‘ 30'45%117 ’ ] MWIFAHJ_LFL
S 025 h RN 2 TET T BT L ¥ A A I
- i (@)] : b — : :
R 2 jﬂ” HW J | e 04F I > _ ﬂm ﬂ L
@ - - ; : c = : :
@ r ﬂ g 5 @ 0.35— \ﬂ o 8 { 3 5
< — : < = c O
< 027 } (e : E — c ()
m 0.15; Lr[ (@) ‘JJ | Reduction factor 6.1+ 0.2 025; O ; JI Reduction factor 7.3 + 0.3
C Volume ook H . E
- reﬂectionﬂﬂf “E g
01? | mﬂﬁw”ﬁ‘ ar 0.15 — i r
— o : ! [~
- \ # 0.1 o
005~ N B U, - JU— ; ; v
C N T U R SRR 005 . | , . o Lol L b |
0 100 200 300 | 400 500 600 1800 2000 2200 2400 | 2600 2800 3000 3200
Crystal 3 angle [urad] ‘ Crystal 4 angle [urad]

Depending on crystals 5 — 9 reduction factor (protons)
NEW: measurement also with Pb ions: 2-4 factor

Still off with respect to simulation
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UR 3 LHC collimator scans INFN

©
3 Core
LHC Phase 2 c 2 0
Collimator e © = eam
> 04— O
z 3 s
LU LD T o] 3 2 s
|T TCSM.519 1 : [2 TR
. L 2 = Pl e
01— TS PL LA H _ g
2 = qﬁﬁ.!.t.gl--,;-f ------------- -|08 2
¥ — 0.7
- @ 0.08|— c it
5 O {Hf — 06
De_ 0.06 }— “t'.' — 0.5
' . — 0.4
...................... LLu HiL ol No part|0|es s X ;';:— --w=) oa
L N} EEEN L N} [ N} '! | 0‘2
| 0.02 f > ;3:"‘ — 0.1
ng ' jaw: poosasesenes --H--“-'-'-“*-'-”-'-'ff---l- ------------------ T . 0
I R -1|5 -1I4 13 -1I2 -1 10 -9
Amorphous/VR (multi-turn) LHC Collimator position [mm]

L\\ Amorphous/VR

!

Channeling

-Measurement of channeled beam position and width
» Opeam ~0.6mm

- Comparison of plateau with core beam
» Deflection efficiency ~80%,

LHC Close to expectation (92% and 0.33mm)

. TAL
collimator

Dechanneling

Jun 2011 14th G.Cavoto 19
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UA ¥ Collimation leakage e

= i AM=amorphous orientétion . .
% ; 061 CH=channeling orientation ' Paper In preparatlon
& ~ CR3 .
£ o I
2 o TAL l _
g 5 04 I l .‘ A: beam tails (off—momentum and betatronic)
O o Va4
3 o - : . .
g = © e P B: multiple Coulomb scattering area
3 0.2 : C: shadow of the TAL absorber
L . 1| Reduction of TERTIARY HALO
= C e .

ol . sl almost 5 times larger !

60 65 70 75 Better cleaning efficiency
TAL2 position (mm)

Spray of TAL2
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Uk, Collimation leakage with ions  |[¥"_

Paper in preparation
Only one set of scans made by Cherenkov detector mounted on TAL2Z.

/

MD 16" November 2010

TAL2 cherenkov scan
. Crystal4 in channeling position
. Crystal4 in amorphous position

o
—
N

e
-

Scintillator M/Beam flux

Tertiary halo reduction

0.08 4-6 times better!

0.06

0.04

0.02

56 57 58 59 60 61 62 63 64
TAL2 cherenkov position[mm)]
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Summary & Outlook



UAY  Summary of 2010 SPS test |

stitute

Crystal collimation works very well based on channeling process

Optimal crystal alignment easily detected and achieved

Nuclear loss rate (including diffractive) strongly depressed
in channeling versus amorphous orientation.
Observed for both protons and ions!

Estimate of cleaning efficiency of collimation region

Leakage is a factor 5 better in aligned orientation versus amorphous

Next for 2001:

Better goniometer accuracy

Thinner Cerenkov detector to resolve proton pile-up
More accurate analysis of tertiary halo [new Medipix]
disentagling betatron from synchrotron tertiary halo




URY  Crystal test station at SPS H8  |*

Graph 4.
1400 -y
1200-
1000 -§
el
2 oo
sl
e
o-}

o

3

et
e

Si crystal {
for LHC

Si, (110 plane ), miscut: 22 yrad
Deflection angle: 100 yrad

size: 55x5x2 mm3

Torsion : holder can regulate
torsion within 0.2 prad/mm

Silicon strip

telescope and gas

chamber

to characterize new

crystals

Study more exotic crystals
for different collimation scheme

Thin Crystals

Study new particle coherent

interaction effects

PXR

Study ion Pbg, channeling
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UA?  LHC Phase 2 collimation [

Overall ~150 collimator
locations in LHC and transfer
S lines

; TCP.D6L7 H H .
) e WA Two warm insertions dedicated to
foCLA.7R3 _ TCP.B6L7
TCLA.6R3 TCSG.AGLT . . .
TCLABSRS ., P g TCSG.B5LT CO”|mat|On
rerers]  fresonems A # : Te86.ba7
f g i .
Tesemen) |rcscear . IR3 momentum cleaning
IP3 TCSG.4R3 A ol TCSG.AALT
TCSG.4AL3 o .
TCSG.5L3 TCSG.A4R7 TCSG.A4AR7 IR7 b t t I g
Igggggtg TCP.6L3 TCSG.B4R7 TCSG.B5R7 b e a ron c eanln
TCLA ASL3 : TGRGLORE
TCSG.E5R7
T TCinbLs i . Tess TCSG.6RT
Takaiy TCLA.C6R7

» fLTCLAESRT Layout has been optimized for
| phase 1

Phase 1 means
30-40% of nominal beam intensity

Assman. R. et al, “The final collimation
system for the LHC”, EPAC 2006

Letter of Intent for LHCC in preparation
Plan is to install a crystal collimation region on LHC in 2012

& 2

Y r
Bl > B

3 1P1 v 2
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Rotating Crystal in the beam "

(T r~rrrr1rrv] [T rrT rrrrrrrrrrrrrrrrrrrrrore
400 - . 70000 | -
Crystal angle Vt
(around a vertical axis) 60000 | i
= 300 .
5 ¥ 50000 [ -
g 200 | - - BLM rate
& S 40000 | -
- L close to
T 100 | . IS B _
g % 30000 Crystal
(@]
o L | 20000 | -
10000 |- .
100 By oy | PRSP PSRN U PR A NP RN SAr A N T L. [ S SN E [IPEPETEE BETET AT BT ErET AR
22:30 23:20 2410 2500 2550  26:40 22:30  23:20 24110 25:00 2550 26140
Time time

Periphery of circulating beam

250

200

pixel

100

50

20
I 50000
=

—~ 15

Scintillator G [Hz]

10 40000 |- -
5
30000 -
0
50 100 150 200 250 I_....|....|....|....|....|..
pixel 22:30 23:20 24:10 25:00 2550 26:40

time

Appearance of 120 GeV/c proton beam

deflected by crystal channeling
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Road-map for a test in

LHC

INFN

Parameters Obtained Obtained in Required for
in 2009 2010 LHC
Channeling _ * %
efficiency 75 80 90+95
Nuclear loss ,
reduction 5 5-10 20+30 * *
Goniometer:
angular accuracy 30+40 10 12 *
[prad]
Crystal bend . . .
[urad] 140+150 150-170 50+100 * %k
Crystal torsion . : :
[urad] 20+30 0.1:1 (*) 0.1+1 * %k
Amz:\p?:;ss*ﬁyer About zero About zero About zero * ok
Collimation Should be
leakage reduction B 2 analyzed *k

(*) On external beam test
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Backup
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A very energetic beam in a superconducting environment!

Stored beam energy [MJ]

Stored beam energy : 360 MJ

. . )
Collimation at LHC NN

| Equivalentt¢  Robustness
90 Kg of TNT

Quench limit for LHC magnets: 10 mJ over 1 cm?

1000 E L) I LL |
100 b
F | 200 times more than LHC At 7 TeV 1/50.000
10 [ | Tevatron/HERA (inj) m .
SR, HERA proton lost makes a
1 —— & SC magnet quench!
TEVATRON
0.1
SppS
m SNS LEP? m W PP
0.01 Ll T vl SRRt | NI
0.1 1 10 100 1000 10000 m
Beam momentum [GeV/c] Efficiency

Courtesy of R. Assmann
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(a) (c)
Unchanneled particle
<

l d | Channeled particle \

(b)

Volume-reflected particle

Volume-captured
particle

Channeled particle
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UA2  Proton coherent interactions |*_

rrrrrrrrrrrrrrrr

W. Scandale et al. PRL 98, 154801 (2007)
W. Scandale et al. PRST 11, 063501 (2008)

The angular profile is the

change of beam direction

9mm long Si-crystal deflecting 400GeV protons induced by the crystal

Rotation angle [prad]
0 50 100 150 200 250 The rotation angle is the

angle of the crystal respect to

-50

|
= I
B-200 | beam direction
= I
—- I
2 { The particle density
5150 |
£ i decreases from red to blue
& |
%-100 } .
< i (peak efficiency)
?
I
i
I
I

50

|

100

New thinner (2mm) crystal tested : channeling eff up to 80%(theoretical limit!)
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Intensity a few 1070 up to a few =

. . . . 3'°° -
102 circulating particles in a e f
single bunch. T
Initial beam lifetime larger than " e
80 h, determined by the SPS I
vacuum. - E
A halo flux of a few 10 to a few 103 E
particles per turn T eTRe e e e

e

Our SPS beam

bunched

RF Voltage [MV]

Momentum P [GeV/c]

Tune Qx 26.13
Tune Qy 26.18
Tune Qs 0.004

normalized emittance (at 1 o) [mm mrad]

transverse radius (RMS) [mm]

momentum spread (RMS) Ap/p

4x104

Longitudinal emittance [eV-s]

0.4

-----

Impact paramenter up to 0.1 mm ‘ ,
impact angle +10 yrad
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y [mm]

y [mm]

Channeled beam profiles e

X [mm]

X [mm]

total column count
—
- 8,

e
3

Crystal 1

The skew inclination of the
extracted beam is due to the
combined effect of the strip
crystal residual torsion and to
its quasi-axial orientation that

3 X 10
y = A(1) + A(2)/sqrt(2"pi)*exp(-0.5%(XX-A(3))/A(4))*2)
324.83 46890.77 1.42 0.81
25¢ 10.6157 92.6692 0.0018 0.0020
LAR
rsquare=0.999811
2 2 rmse=74.7281
- %
Sasf |
o - f %
o b 1
1| f %
i
os / %
0 e
0 2 4 6 8 10 12 14

x [mm]

inducing channeling by the
skew crystal planes.

Crystal 2

An example of Medipix deté&ctor



LA

5 MD with protons and Pb ions

MD in SPS 2010

2 quasi-mosaic and 2 strip crystals being tested

[E2] Medipix 1 plot T\E?
UA9Medipix
100
240 as
220 »
85
200 P
180 =
70
160 )
65
140 &
- 55
120
N
100 s
80 ¢
35
60 30
25
40
20
20 15
o 10
0 20 40 60 80 100 120 140 160 180 200 220 240 :
X o
Medipix name : XRP.51937-H1
[] Auty maginan
Maximum : 100

Jun 2011 14th

Online
pictures!
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istituto Nazionale
di Fisica Nucleare
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Medipix 1 plot

UA9Medipix

100 150 200
X
Medipix name : XRP.51937-H1
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UA 3 Crystal characterization NN

Proton backscattering yield as INFN LNL
a function of depth.

| ' i

Backscattered protons are proportional to
5 depth (um) O non-channeled particles.

=
.
.
. :
. .
. :
|
5 « |
10° k- S '
; e
. .
3 .

Amorphous” Inefficiency (x) can be measured as a
function of depth.

. F Channeling
10 3
0 E (o) ] ‘_ At low energy, inefficiency is very sensitive
3 , . 1 15 to nuclear scattering and defects.
300 400
channel
Miscut angle measured at 30 urad High Resolution scan around X-Ray

Bragg Diffraction of crystalline planes.

Ch Find lattice defects: plane deformation
on crystal surface
/




URS Collimation efficiency with 5

beam profiles

1e+11

/VO. Of Meg’igil -
9.9e+10 | . CIF; C(//a . |
ALY
9.8e+10 |- A f\\o ) i
No o " Ohg,
‘é 9.7e+10 - ( 807) 4 C//.C(// /7@/ o |
£ B D3,,.
§ No > g7
9.6e+10 |- ‘g,Oa Cla 7
/?(/C/é (¢ COU
e
9.5e+10 ) M//f |
Channeling though normal ~ 7
9.4e+10 | planes —
9:3e+10 0 51)0 1(;00 1;00 2o|oo 25100 3o|oo 35|oo

Seconds since 16:00:00

Multi-pass channeling efficiency very large -> compatible with 100%
Measured efficiency = 86 %
20 % uncertainty due to BCT and MEDIPIX calibration
large ClosedOrbit glitches = 200 mm every a few tenth of seconds during the data taking
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SPS 2009 results

W. Scandale et al. / Physics
Letters B 692 (2010) 78-82)

600

Count (Hz)

400

200

Simulation

1

1

\ =T

|
-1800

-1600
Angle

-1400
(urad)

Inelastic interaction rate close
to crystal (strip, #1)

Depression in channeling
mode not completely described
by MC (x5 vs. x50)

Crystal vertical torsion
not compensated

RD22 goniometer unstable

Deflection efficiency for crys 1 and 2 : (75+4)% and (85+5)%

But large variation in different scan [alignment errors]



UR 3

Inelastic rate in channeling )

mode: H8 beam results

W.Scandale, et al., NIMB 268 (2010) 2655-2659

Interaction probability (%)

o
o

e
>

O
N

Experimental
set-up

Volume rgrlectlon

amorphous1

Channeling
3

MC

Cutting angle (urad)

S1
Si1 Si2 H Si3 Si4

i
S2

Select event with incident
angle smaller than a given
cutting angle.

Count events
with hiton S1 & S2

Probability of inelastic interaction
in channeling vs amorphous is
3-4 times smaller!



» Bragg diffraction of
virtual photon of
charged particles on
lattice planes

' 5 5 SN S

.;@g{.}?é&.‘j}%&%-":4'.'9‘3

A R R

? 3’.' .e’.t‘. S g X
-

]

1 * Observed at H8
(paper sub to PLB)

100 % « Can be used to
monitor

the curvature of the
WA LA b crystal

5 10 15 20 E

Photon energy (keV)




UR 3 Thin crystals
oesn - - E. Tsyganov , A. Taratin,
NIMA 363, (1995)
beam hale. Thin crystal 511-519

M4

— Special 10-30um thin crystal (A/2 or A/4):

they act as scatterer or mirror
e improve problem of imperfect surface layer of

bent crystal (BC) E

INFN




UAR 3 Torsion removal

2

front

defection angle (urad)

screw

P '3
|

Feed back by the laser
alignment system

Critical to reach good uniformity along the crystal height
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Uk Amodel for the leakage -

Ex“acted ° 0.2 %) 10
?the AL travet
. leakage
BC Spray of TAL2
N
1
TAL &

Need a more detailed simulation to compare with data

Need more data with larger range scan
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200

1

pixel number-y

50

fo1olV)

300
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200

counting
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pixel number-x

0 e
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0 50 100 150 200 250

pixel number-x

d Deflected beam profile with medipix /¥~ _

250

350

300

250

200

150

100

50

Medipix sensor of the type inserted
in the UA9 roman pot,
provided by L. Tlustos (PH/ESE)

& 256x256 square pixels
¢ 1 pixel size = 55 um
¢ 1 frame integration time 1 s

¢ Pick/valley density ratio = 10

¢ We observed a ratio of 30
(recording lost for a computer crash)
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URQ crystal collimation efficiency using  [inen

. (G
the LHC-collimator

= | I
LHC-collimator i BLM {

e el0DE S5 s i
UPE —
‘ A
36) ‘ £
¥ »)
; o
1600 . . . — 1200 — — 700
blm2.int.clean.dat’ u 1:2 ‘ L smoqthed fqnctjon—‘—
1400 , 1100 fomieees FTL :nume:rlcal dsrlvatlye 1 600
1200 § 200
= E = 400
3 1000 : = 2
S 800 : 5 3
g ; o 200 ¢
S 600 ; = 5
@ E @ 100
400 :
; 0
200 -100
O i i i i i I i i B
-1 -10 -9 -8 -7 -6 -5 -4 -3 -2 200
collimator position [mm] collimator position [mm]
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nuclear rate in H8

¢ Nuclear loss rate (including diffractive) strongly depressed
In channeling versus amorphous mode : x 5 in multi-turn (SPS) and x 3 in single-pass (NA)
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UR 2

Profilo orizzontale del
fascio osservato a
circa 70m dal
goniometro variando
I’orientazione del
cristallo rispetto al
fascio in step di durad
N
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INFN
Channeling || Amorfo Reflection
x>/ ndf 256.5 /100
v F2 2527
cm
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UR 3

INTENSE PRODUCTION OF et+e- PAIRS
WITH RADIATION FROM CRYSTALS

o SUMMARY & CONCLUSIONS

© * The hybrid source using the intense radiation from an
axially oriented crystal to create a large number of e+e- pairs
in an amorphous converter placed at some distance is very
promising for the yield, the phase space and above all for the
reduced PEDD.

O * Such a system has been chosen as the baseline for CLIC

O * Further studies of the hybrid source may concern the
thermal behavior, particularly for the fast energy deposition

O * Systematic tests are being operated at KEK; results on the
e+ yield and enhancement are already available. Thermal
observations are under development.
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