Channeling 2016
Desenzano del Garda, September 27, 2016

P P
Observation of independence of the nuclear de-
channeling length on the particle charge sign

=

Fj Qsd | N/l? Vincenzo Guidi
b ol Semiconductor . .

abortory (- weee University of Ferrara and INFN

Horizon 2020
European Union funding
for Research & Innovation

“ European
Commission

Supported by the H2020 project AIDA-2020, GA no. 654168




e

Motivations

Manipulation of particle beams is a hot
topic in accelerator physics

Channeling efficieny is strictly
correlated to the dechanneling length.

Study of dechanneling helps design suitable crystals /%J /

for high performance channeling deflection.

g W e undertook research plan aimed to a comparative

study of dechanneling length for positive and
negative particles
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Channeling & Dechanneling

Channeling: particle transverse energy
remains lower than the potential well depth

Dechanneling: particle transverse energy
grows up and exceed potential well depth
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- Dechanneling of positive particles

Two mechanisms of dechanneling
for positive particles:

» Electronic dechanneling
» Nuclear dechanneling

Exponential approximation for the
dechanneling processes:

Nop(2) N, e */n 4 Nye=#/Le
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Nuclear dechanneling

Nuclear
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Positive
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Unstable channeling state

Nuclear dechanneling length

. . ) ,
Particles impinging close to the for a proton channeled in the
atomic planes are are dechanneled Si (110) at 273 K [1] is

by interaction with nuclei traversing

stance i +
a short distance in the crystal. _
\ / | =1.5mm

[1] ‘W. Scandale, et al., Physics Letters B 680, 129 (2009). n 7
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Electronic dechanneling

( Interaction with electrons

increase their transverse Nuclear
energy until they reach -
nuclear corridor. corridor
® Positive
particle
In the nuclear corridor Transverse
particles interact with nuclei
N Lo [ hannel ener
0 02 04 0.6 08 1/ Ej&mnlﬁm and are dechanneled m increga);e
{Stable channeling state. Electronic dechanneling length
I for a proton channeled in the
Nse—z/ e Si (110) at 273 K [1] is

+
Le_ 220 mm

[1] V. Biryukov, Y. Chesnekov, and V. Kotov, Crystal Channeling and
Its Applications at High-Energy Accelerators (Springer, 1996).
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Channeling efficiency

Oscillation amplitude of atomic planes due to thermal Maximum predicted channeling
vibration = 0.075 A for Si (110) at 273 K efficiency protons channeled in
the Si (110) at 273 K [1] was

A

_— Particle in unstable 7 7 %

channeling state ~
] ey 4

S

| [

: Particles in stable Using crystal shorter than the
. channeling state ~ nuclear dechanneling length it
TONE N R e T e A 0.77 was possible to reach [2]

[1] V. Biryukov, Y. Chesnekov, and V. Kotov, Crystal Channeling and 8 1 %

Its Applications at High-Energy Accelerators (Springer, 1996). 7

[2] W. Scandale, et al., Physics Letters B 680, 129 (2009).
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B Negative Particles
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Positive particles oscillate between
atomic planes; negative particles
repeatedly cross them.

ositive vs negative particles
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One mechanism of dechanneling for
negative particles:

» Nuclear dechanneling

Exponential approximation for the
dechanneling processes:

Nch(Z)% ue_z/L”
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Dechanneling of negative particles
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Both particles which impinge far and near the nuclear
corridor interact with nuclei and suffer nuclear
dechanneling.

Nep(2)= e/ En

Nuclear
corridor

Negative
particle

Transverse
energy
InCrease



@ Method of measure

nuclear dechanneling

Channeled particle =
Full bending angle deflection
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Dehanneled particle =
Partial bending angle deflection

&Ie/ction angle ]

Z=Ra

Crossed crystal ‘\ )
length [ Crystal radlus]

4 N
Incoming
\_particle Crystal )

Liner correlation
between outgoing
deflection angle and
exiting point from the
channeling state

ment of
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8 Method of measurement of
nuclear dechanneling

Transverse energy for particle channeled in bent crystal |

Er :%—{— Ueﬁ'(ilf)._H Ui (z) = U(z) +

If particle parallel to atomic
planes (|6|<1 urad)

< &

R >> Rc (0.63 m)

—

~ 2

p_U 92 N 150GeV

5 1urad® <leV

pv_ 150GeV

. 1A<leV
R 20m

We can use
bent crystal to
measure
dechanneling
length




Anticlastic
bending

High-quality
crystalline

//ow-defect silicon wafer
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Torsion correction
mechanism

SCrew

Length 1.91 mm
Radius ~20m
Width 0.9 mm

Height 70 mm
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Crystal production method

LPCVD deposition of
silicon nitride thin layer

Sy sl

Silicon nitride patterning
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Anisotropic etching:
Etching rate on different silicon planes
for KOH 20% at 40 °C

S/
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H4 — - 150 GeVie UA?

Incommg_ Horizontal 30.9+ 0.2 prad
Beam Divergence

Incoming Vertical Beam

+
Divergence 25.4+ 0.2 prad
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Experimental setup UR 3

Si2

Sit Si3 Si4 Sci1 Sci2
—H— 1 —H—
Silicon strip Crystal goniometer

detectors

Spatialresolution

~5 um

Angular Resolution Goniometer resolution
~0.5 prad ~1 prad
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(arbitrary units)

D
Measurement of the

dechanneling length

Outgoing angular distribution

| Incoming angle | < 1 pyrad
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Measurement of the

dechanneling length

Fit functions:
two gaussians and an exponential

Outgoing angular distribution

| Incoming angle | < 1 pyrad

Eﬁ%mﬁ“f“

Counts
(arbitrary units)

\100
eflectlon Anglt urad)
Volurme Channeling

reflection

Dechanneling
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Measurement of the
dechanneling length

Outgoing angular distribution

| Incoming angle | < 1 pyrad

Dechanneling length for a 11- channeled
in the Si (110) at 273 K [1] is

|_': (0.93 + 0.05) mm
N

- Ty

Simulation J

Dechanneling | " = (0.95+0.03) mm

n
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Measurement of the

dechanneling length

Outgoing angular distribution

| Incoming angle | < 1 pyrad

Dechanneling efficiency for a -
channeledin the Si (110) at 273 K [1] is

Counts
(arbitrary units)

E =125+1) %
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(arbitrary units)
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Measurement of the
dechanneling length

Outgoing angular distribution

| Incoming angle | < 1 pyrad

Dechanneling efficiency for a -
channeledin the Si (110) at 273 K [1] is

E =125+1) %

.

Using only dechanneling length

I !
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Simulation
E=(143:03)%

e~e 7 = e 0% =13.704
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Experimental setup of

Chanel experiment

Double sided silicon detectors SDi

(300pum thick) .
[5-um spatial resolution] 2.01 mm long strip crystal

Bent at R=11.5m
channeling along (110)

y-beam and e-beam

planes calorimeters to measure
the emitted photons and
Crystal mounted on Bending magnet (BM) to separate to discriminate e+ from
a high-precision charged and neutral beams impurities (p, )
goniometer (gc)
iﬁli ] IE fr————+ | — :_ N - v-calorimeter
/,,|vp—r|gc rvplj L=TETn S
- sD2 sp3 !
e-calorimeter
0 0,346 6.116 E 7.606 9.387 19.027 24.052
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| | | ! } I I I 1 f.. :l
1 T I I 1 I 1
23 787

External line H4 at CERN SPS
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Deflection of positrons and electrons

Pt Tl

o " Pasitrons 120 GeV/c
£— Electrons 120 GeV/c

1 L 1 1 1 1
-100 =50 0 50 100 150 200
Deflection Angle (urad)

L'n = (0.7 £ 0.1) mm

& Deflection patterns of 120
GeV/c electrons and
positrons under same
experimental conditions

& Channeling efficiency of
(53 = 2)% for positrons and
(4 £ 2)% for electrons

% Nuclear dechanneling
lengths were comparable as
a sign of similar dynamics

LJr’] — (0.85 % 0.15) mm
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Simulation
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Simulation of electron and positron dynamics in
the crystal via DYNECHARM++



Normalized angle
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Positrons Electrons

0.80 mm =
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Simulation

Phase-space evolution for
positrons (left)
electrons (right)

Snapshots taken at some
distances from the surface
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Thank you for your attention
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