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B _
What do we have?
Roman Pot 1 .
. . Possible
A bent crystal deflecting halo particles. 7 Position
- .
el et s
What do we want? . :

A device for quantitative characterization
of the deflected particle beam.

What is the working environment

BLM : : BLM : I BLM I
Circulating machine (SPS & LHC). LI | - B0 ]
What are the requirements for this device?
1. Vacuum compatibility: 10° mbar for SPS and 10"t mbar for LHC. LSS5 zone of the SPS 2016

2. Fast enough detector response for the particle counting during a
single bunch of 1-3 ns duration (it is not necessary to measure each
bunch in a train): revolution frequency of 43 kHz for SPS and 11 kHz
for LHC.

3. Counting range: from 1 up to 102 particles/turn.

4. Radiation hardness: neutron flux of about 10*2/cm? and 10*°/cm? for
SPS and LHC, respectively. Integrated dose up to kGylyear.

Our proposals?
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Basic idea

What do we have?
Roman Pot 1 .
. . Possible
A bent crystal deflecting halo particles. Position
oniometer oniometer
What do we want? - IHE(ESM: . +

A device for quantitative characterization

of the deflected particle beam.

What is the working environment _ I I
Circulating machine (SPS & LHC). [] [ - i -

What are the requirements for this device? | | - - - TS e
1. Vacuum compatibility: 10-° mbar for SPS and 10-1* mbar for LHC. LSS5 zone of the SPS 2016

2. Fast enough detector response for the particle counting during a
single bunch of 1-3 ns duration (it is not necessary to measure each
bunch in a train): revolution frequency of 43 kHz for SPS and 11 kHz
for LHC.

3. Counting range: from 1 up to 103 particles/turn.

4. Radiation hardness: neutron flux of about 10*?/cm? and 10%%/cm? for
SPS and LHC, respectively. Integrated dose up to kGylyear.

Our proposals?

Cherenkov Detector ! 1

()@ L |
N=2maZ’L | ——— | ([1-
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First prototype in 2013

Fibers bundle F'

M @
Ex ) 06

Quartz: 10x5 x5 cm?

Measurements

= Direct coupling

* 40 m of cable
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time, ns

130

40 m long signal cable

effect

e- e-
fibers bundle
— PMT
\ Quartz bar
Wavecatcher module 45°
Simulation Measurements
S0 7 ndf
Entries 22136 - [ X°/n 3.7/3
700 " | pO 4.547
- 1
- Mean 61.02 o 0.4
AMS 1401 . [ + 45°inclination
500 Cherenkov angle & | @ 90°inclination
N 5™t
% -
300 20—
o r
200 "
10
100, B
o l A = = L-‘ .4‘_1 - - - l - - - l - :l.l ' 1 1 L l , L 1 I 1 L 1 l L ' 1 I‘
0 20 60 80 700

Distribution of the polar angle of the
Cherenkov photons emerging from

40
6, deg

the read-out surface of the fused
silica bar, when it intercepts at 90
degrees electrons of 450 MeV.

20 40 60 80
Number of incident electrons

Measurement of the prototype

response as a function of the
incident electron flux

- Bar has to be inclinated or with a cutted readout side
- 40 m long singnal cable doeas not affect measurements
- Configuration (Radiator + Fibers + PMT) works

5

L. Burmistrov et al., 2013 IEEE Nuclear Science Symposium and Medical Imaging Conference (2013 NSS/MIC).

A.NATOCHII

UA9 Workshop 2019



Cherenkov detector

Cherenkov detector for proton Flux Measurement
>> CpFM <<

i

‘/{ Secondary halo ‘ Primary beam ‘
_ : Primary halo

Bent crystal

Deflected beam ‘

‘ Vacuum beam pipe ‘

Fused silica

Fused silica
Bar 1

2015 Configuration

Bar 2

Cherenkov light |

Inserting
bellow

] | Fibers bundle

1
.rf-———x\

Fused silica
viewport

——
y

T
DAQ user PC [ ¢mp

USB
WaveCatcher

‘ Low attenuation coaxial cable ‘

Inserting bellow

Motorized support
of the quartz bars

5 mm / ﬂ

/,17{
7

10 mm

360 mm 6

V. Puill et al. The CpFM, an in-vacuum Cherenkov beam monitor for UA9 at SPS. Journal of Instrumentation, 12:P04029, 2017.

UA9 Workshop 2019

CpFM Results



First detector calibration

CERN SPS extraction line
H8 North Area

449 MeV/c electrons

Quartz fiber bundle
i —— - A good signal linearity with a number of
%00 |- F Charge = pO + p1*(# of incoming e-) incoming electrons.
- |Enties 10000 s
800 [— 2000 |-
IR 600 F - The measured resolution of the detector is 15%
Wl .- for 100 electrons.
600 [~ |Sigma  0.06792 g F
)] E 1400 -
C =0 g 1200 | -  Calibration value of about 0.62-0.63
S wl S 1000 - photoelectrons/particle.
o e E
300 O 8&x F
g 600 | On SPS 40 cm long bars have
- a00 been installed
Ll 200 | (not properly tested before).
R ] ST . £ B [ T il P o T FUUE FURTY FTE FRUT PHTTY FUTTE T
0 02 B:4 0.6 0:3 i 0 100 200 300 400 500 600 700 800 900
Number of p.e. per electron Number of incoming electrons

L. Burmistrov et al. Test of full size Cherenkov detector for proton Flux Measurements. Nuclear Instruments and Methods in Physics Research A, 787: 173 — 175, 2015.
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SPS MD 2016. Self-calibration with ions

270 ZGeV/c Pb ions

10 =
5 SR TS ORI, NS T T NUUUS: SO, O Bunch Intensity | Total Intensity | Interlock Acquisiion T
e [FE] === s - >
: : : : ? 3 ? — £ 1 2 3
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Beam optics at SPS LSS5 Fast BCT measurements CpFM measurements
201 \/
1 8:— [Entries 41257 ”r‘gﬁ;glg}at;“;c
- Vb Excellent beam structure match
16 10°
14— ; . o o
- Separated ions detections E Self-calibration with ions
o - [e]
5 12 D : : .
= C ’ 02% Different detection sensitivity of the bars for the
o 10 = same amount of the produced Cherenkov light.
g o o H
— L
: f :
6 e _':_R7 ! =
- R8RS . ' 8 Amplitude, mV | Charge, a.u.
4— =4 E
" R2 k& T
C o e > CpFM Barl | ( 276.3+£0.2 D | 1.325+0.001
F Ry e R CpFM Barl —
@%”T\él ‘I-: I 1 | 11 1 | { A - | Ipl 11 | 1 L1 | I’ 1 | CpFM Bar2 @].3:&@ 6.247ﬂ:0l002
% 02 04 06 08 1 12 14 ! , —
Amplitude [V] Amplitude and charge per a single ion.
Waveform charge as a function of the maximum signal For 700 V of the CpFM PMTs voltage supply. 8

amplitude. Detection of the different number of ions.
CpFM Results UA9 Workshop 2019
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SPS MD 2016 sefcalbration with e

Pbions (Z = 82) Proton (Z =1)
Amplitude, mV | Charge, a.u. Amplitude, mV | Charge, a.u.
CpFM Barl 276.340.2 1.3254+0.001 CpFM Barl | 0.990£0.001 | 0.005+3.6-107°
CpFM Bar2 990.3+0.2 6.247+0.002 CpFM Bar2 | 2.910£0.001 | 0.018£5.9-107¢

\ Cherenkov photons /‘

number ~ particle Z2

From the Amplitude, p.e./proton
CpFM Barl /0.0470.002
CpFM Bar2 \_0.142+0.003 )
v

\ From H8/BTF ~0.63 p.e./p

What have we done since H8/BTF calibration?

UA9 Workshop 2019



SPS MD 2016. Self-calibration with ions

Pbions (Z = 82)

Proton (Z = 1)

Amplitude, mV | Charge, a.u. Amplitude, mV | Charge, a.u.
CpFM Barl 276.3+0.2 1.325+0.001 CpFM Barl 0.99040.001 0.005+3.6-1076
CpFM Bar2 990.3+£0.2 6.247+0.002 CpFM Bar2 2.91040.001 0.01845.9-107°

Cherenkov photons /‘

number ~ particle Z2

From the Amplitude, p.e./proton

CpFM Barl

/7 0.047£0.002 ™\

CpFM Bar2

\_0.14240.003 )
\/

v
A | From H8/BTF ~0.63 p.e./

©

WHY? ..
L AT
10

L

\¥,

What have we done since H8/BTF calibration?

A.NATOCHII
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Not properly tested new 40 cm long fused silica bars
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SPS MD 2016. Proton beam. CpFM Linear Scan

IIIIITIIII

_IIII|IIIIIIIIIlIlIlllllllllllllllli

__________ e e b b | Primary Beam |
: ‘ : : t 1 ! g +40

CRY4.51797.UA9

Width ~2 mm

: CpFM
N CPFM.51991.UA9

5170 5180 5190 5200 5210 5220

5230

N

I ST R
5240 5250

s [m]

Beam optics at SPS LS

CpFM measurements with 270 GeV/c protons

FWHM = 2.355xStd = 2.355%0.94 = 2.2+0.1 mm

20 210°
B == CpFhl Bard Alignment position ~40
~ || Mean (u) =68.48 + 0.06
15— [[Std () = 0.94+0.05
§ N —+— CpFM Bar2
8 10| {iean (i = 74415006 4
g ~ |iStd(c) = 1.07+0.04: % -
s | a2t il e
2 R
s tH j)
B +ii
R Iyt
- ++ .fﬁt:g %
= - - 4ok . 'l' ko _.‘.-L.,b.f 2
S RS R T R DR
64 66 68 70 72 74/ 78
Absolute Position [mm]
‘ 8.7 mm o
A.NATOCHII

I )

CpFM integrated counts along the linear scan.

Bent Crystal |

‘ Channeled Beam ‘

S

!

‘ Dechanneled Beam ‘

CpFM Counts ‘

‘ Gauss Error Function ‘

.

-

4

‘ CpFM Linear Position ‘

' Derivative of the Distribution ‘

Channeling

‘ Circulating Beam ‘

)

7

-

CpFM Results

>

‘ Dechanneling

11
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SPS MD 2016. Detection limits

500
450 |—
. . = 500
Amplitude per a single protons = wob
400 — E
Amolitud v - 400F % CpFM Barl
mplitude, m = E
_> 350 — %0 7777 7)] CpFM Bar2
CpFM Barl | 0.990-£0.001 g i, BT
CpFM Bar2 | 2.91040.001 300 =
" =
S 250
&) e
200 —
- : 1 = i
150 :_ b Numburﬂu? protons = =
100 Barl mean (u) =39 +1
50 Bar2Z mean (u)=35%1
o =l o S [PY NSO (S RSRRTS [UNNSN PUNT,
0 50 100 150 200 250 300 350 400

Number of protons

@ Measured beam profile and channeled particles flux.
@ Not sensitive to a single proton.

@ Different parameters of the bars.

Characterization of
the bars is needed !

12
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Characterisation of the fused silica surface quality with a 3-source

Electrons beam X
Brass holder —
with

SrY source
 —

N
=<
N

Fused Silica radiator Fused Silica radiator
(Bar;) 5 || l«— (Bary)

"3

Inclined
flange
Fused Silica
Fused Silica radiator (Bar,)
viewport
Fused Silica
Inclined radiator (Bar;)
flange PMT
J T 3D Translation
stage
User PC usB WF: "Black" box 4 J
Electronics -

Geant4 Monte-Carlo simulation:

- realistic electron distribution produced by the source

February 2017

- refractive index and total internal reflection probability behavior of the

fused silica for different photon energies

- quantum efficiency of the PMT Bialkali photocathode

light signal output with a PMT

The model well-describes the experimental data obtained by
scanning the bars with the source and measuring the Cherenkov

Verdict

1~ . —— Simulation
. Vertical scan | 4= Experiment
0.8~ - - - Fit for simulation
(O]
® r — Fit for experiment
E 0.6j
Ei i
5 04
Z -
0.2
0_ sttt PPN EEPUP PR ERR R BRI B e s
-20 -15 -10 -5 0 5 10 15 20
Vertical position, mm
600001~ -4- Bar, experiment
C —— Bar, experiment
50000 2 SXpenin
c —+— Bar, simulation
40000 —4— B:’:ll’2 simulation
=
2 30000
o C
20000} .
| Horizontal scan
10000H along each bar
:I...I..“I‘..‘I.‘.‘\....I‘ |
01 50 200 250 300 350 400 450
Horizontal position, mm
40000
E -1- Bar, experiment
35000 .
= —+— Bar, experiment
30000~ —+— Bar, simulation
25000 —4— Bar, simulation
T
& 20000
n‘:ﬂ F
15000
10000 HoOTrizontal scan
| along each bar
5000H
T S U R PO s e S
%60 370 380 390 400 410 420 430 440

Bad production quality !

Horizontal position, mm
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A. Natochii et al. Characterisation of the fused silica surface quality with a B-source. Nuclear Instruments and Methods in Physics Research A, 910:15 —21, 2018.

Barl Bar2
Probability —of total ' ge 445105 95.9+0.1%
internal reflection
Fraction of ineffective
area at the edges of 2.7+£0.7% 0.0£0.7%
the bars
A.NATOCHII
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CpFM improvements. Direct coupling

10 times reduction of the the detected Cherenkov photons:

1. Numerical aperture of the fiber ~ 8°.
2. Fibers fill factor.

—
=
ol
' '©
| ‘ S
NA= Sin ﬂ=wm’-m’ [ 4(.—5&
Where: e b
n: is cladding inde> L ]
n2 is core index ‘ o
F ' F O
Why did we put the bundle?
1. To reduce the radiation dose on the PMT.
2. PMT EM pick-up, close to the beam-pipe.
Solution
4 PMT direct coupling ‘*‘
%[ Primary haio|
—
=
o
Inserting . b
et Bars swapping =
— m
Fusedsilica|  |[|Jd® / Y\ _—" .=~ i
,,,,,,,,
A.NATOCHII CpFM Results

Counts

SPS MD 2017

New Xe ion calibration at SPS
Beam contamination study

2001
o Xe (Z=54.0):

180~ Mean (p) = 0.6603 + 0.0011
C Std () =0.0057 + 0.0005

160F \ ‘
B 1(Z=535+0.2):

140 7 Mean (u) = 0.6480 + 0.0037

Std (o) =0.0080 + 0.0015

120 [Te (z=5260.1):
[ | Mean (1) = 0.6261 + 0.0013
- [Std(0) =0.0213 +0.0006

Amplitude [V]

Amplitude, mV | Charge,

a. 1.

CpFM Bar2 660.3+1.1 5.372340

0215

No EM pick-up has been observed.

Typical signal
pedestal distribution

P
0.002

(a) Amplitude distribution.

P It P IR R P .
0.004 0.006 0.008 0.01 -1 -0.5 0
Amplitude [V] Charge [a.u.]

O

(b) Charge distribution.

14
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CpFM improvements. Direct coupling

Single proton amplitude Calibration value
—
Amplitude, mV From the Amplitude, p.e./proton
CpFM Bar2 | 18.294+0.0055 CpFM Bar2 1.41840.022
2015-2016 H8/BTF - 0.63 p.e./proton — resolution ~ 150 %/proton
2016-2017 SPS — 0.05 p.e./proton — resolution ~ 300 %/proton
2017 SPS direct coupling - 1.42 p.e./proton — resolution ~ 55 %/proton

@’ Improved amount of the detected Cherenkov light.
@ Improved a single proton resolution.

@ Checked the direct coupling configuration (EM pick-up).

Better Resolution
< 20 %lproton

15
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CpFM improvements. New radiator geometry

What do we want? }
Detection
side f

1. To increase the particle detection efficiency.
2. To be sensitive to a single proton with a good resolution (10+20%).

Cherenkov photon/ ))\ Readout

side

What we have to do?

1. Increase the number of the produced Cherenkov photons.

2. Decrease the number of the photons internal reflections from the
surface of the bar.

3. Improve the quality of the fused silica bar surface.

|Bcn+28s1| | 6cn + 485 |

.

Bt= B¢ch + 2nBsl

do ~10.00 mm
5
—

Solution v
A new radiator geometry. ‘ L ~ 400 mm
I
[GeomiD0|  |[GeomiD1|[GeomiD2|[GeomiD3 ] |GeomD4| | GeomiD5 Pyramid slant angle makes all work!
Impinging
270 GeV/c
proton
S 3 § § :8'?5 §’J n =f(L, asl),do=1.0cm,L i=0.5¢m
g 3 X X X8 xg 100 \ 5 \ T
2 sl 2 Z L e
& & = - ERa) =9 90 - B
L Monte-Carlo
results

4 . A 4 70 L
| A A =
Readout side ' ' ' g eor
Readout side L
. _ s
Analytical and Monte-Carlo approaches have been used to find E .l
the most efficient geometry. =
20 -
GeomlD =4 _ GeomiD = 4 GeomiD = 4
ot o ] e B
oo} - g 0
14000 0 40 80 120 160 200
12000} Length of the bar (L), cm

05700 200 300 400 500 600 700 800 800 1000
Number of photons %20 720 60 80 100 120 140 160 180 200 2 4 60 60 100, 120, 140, 150180 1
Number of reflections . deg

Number of photons Number of reflections Polar Angle
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CpFM improvements. New radiator geometry. H8 measurements —

I-shape bar

Vinyl screws f ® OGS
bars support _ o - Yy NS
and alignment -3 I N

| Pyramid bar |

_—

¥ Particle beam
Detection side Readout side

1200
1 |Y Bananabar ( 5mm thickness)
>1000_‘ A Bananabar (30 mm thickness)
S ] § I-shape bar (10 mm thickness)
% 800 - B Pyramid bar (10 mm thickness)
&
o p
T 600
L ]
[}
© B
2 400
-l {
< 200 E {
4 i ¥
0 ~————F =

e e e e o T T e
880 900 920 940 960 980 1000 1020 1040 1060 1080
PMT voltage, V
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New CpFM. SPS installation

January 2018
Bar holder DN40 Fused silica viewport
side 2 mm thicl
= *
‘ Fused silica bar \ ‘ HEMEMELST PMT ‘
Screw
Fused silica pyramid bar |...{ 3D printed bar T — P ™,y 3
AN 0 phanom ‘ BN T CpFM tank
R Flange DN150 55 - e r | .
. | printed cover M ‘d e JiA2
(stainless steel 316 L) 3 for viewport and ,{: I
| W PMT o, 08
‘ . : ’ f — “‘ ,
W 5o hoider Do
(@ (stainless steel '
-' 316 LN) K
g 4 :
._i - SPS beam pipe
What did we want? What have we done? 2
1. Increase the number of the produced Cherenkov photons. —» 1. Two times bigger thickness (10 mm) %’
o
2. Decrease the number of the photons internal reflections fromthe ——p» 2. Pyramid shape (1 degree of the slant angle) + g
surface of the bar. =
|_
3. Improve the quality of the fused silica bar surface. —— > 3. We have asked the bar producing company for E

the best possible surface polishing quality and the
smallest achievable ineffective area at the edges
of the bar.

—
o
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SPS MD 2018. Self-calibration with protons

Amplitude distribution of the signals. The pedestal indicates
the number of the machine turns without particle extraction
and makes up 24% of the total.

120
i Mean ()  =0.0312 + 0.0003
1400 i Sigma (0) = 0.0059 + 0.0003
B 0 Mean (p) =0.0601 + 0.0007
n - Sigma (g)  =0.0110 + 0.0010
1200 |
[Pedestal 80 J Mean (i)  =0.0925 + 0.0024
? I Sigma (o) = 0.0207 + 0.0050
1000 S 60
B o
o 800/ M
= i
= -
3 i 20}
600~ [ 0\0\
: ) ) 1t | h ' I M N | ) |
i 805 0 0.05 W
400 Amplitude{V) 3 protons
- A \‘FZ protons
Il 1 proton
200} ;
_JIJ|J JL"[LJ-—A—Jl"'A_Illlll
-0.5 0 | 05 1 1.5 2 2.5
Amplitude [V]
CpFM detector signal distributions for the 270 GeVlc
channeled proton beam on SPS. The data are collected
with HV = 800 V, and sampling frequency = 3.2 HGz.
A.NATOCHII

Maximum number of the detected protons

Counting limitation due to the dynamic range of

10*

10°

10°

10

IIIIII|T| IIIHIHl \\Hlllli IIIIII|T| T TTTI

the USB-WaveCatcher ( £1.25V)

i |

— Computed

i i i

107!

N
o
S

CpFM Results

500

600 700

800

900

1000 1100

Absolute value of high voltage on PMT, V

PMT voltage, V Gain Amplitude, mV
700 3.58226 - 10° 11.740.1
750 5.76659 - 10° 19.240.4
800 9.00185 - 10° 31.240.3
900 2.02914 - 108 77.8+1.3

Single proton amplitude

19
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Wiith Bundle:
Gp}:M Bar1
350 —1. . CpFM Bar2
The probability (P) for a single proton to produce a certain r
number of the photoelectrons (N) can be described using a 300/~ i RN Para i bar
Poisson distribution function:
P(N)=exp * = ® 0
NI £
§150§_;& ..... o
i =
100 b re)
— :Xx \’x‘%ﬁ\- C
100 7 T J——— 50 e, e g
r f r,_:“: - : i “"-+—-..___.._; -_-“. -__—_5 __—-. 8 ‘6
. o P e T N B S S— 22
L/ g % 10 20 30 40 50 60 70 80 90 100 mE
7 Number of 2
80 i 1 protons % c
® L ¢ %)
(;;‘ _! ! (a) Linear scale. 558
e L £ 5
© ) = =
§ 60 ‘I Wiih Bundle: 8 o
S H/ - el ¢ 2
. ! — - Lpl I _ .=
- - ! S s T S S c (@)
-% H ! With Bundle: SO = Dircct Coug S £
. ' . T ;. I o
%40 :1 BIEEEEEEE CDFM Bart 102 - i SR ::: CBFM Pyramid bar 8 §
S —1 - - CpFM Bar2 s e e s ok i MR 3]
20 _: - S T ; H“""‘- _‘.\h E
—f— CpFM Bar2 _ s “‘“n““ T~ T 8‘
—|— CpFM Pyramid bar E 10
_IIII IIIIIIIIIIIIIIIIiIIIIiIIIIiIIIIiIIIIiIIII T
00 10 20 30 40 50 60 70 80 90 100
Number of protons
1
CpFM detection efficiency as a function

of the impinging protons number. 1 10 10°

Number of protons

(b) Logarithmic scale in X-axis and Y-axis.
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Double crystal setup at SPS 2018

Beam optics configuration of the setup

10

[ ' : : S R e
Dbt e S —— PnmaryBeam | . e L
: ' 1 +40 : : ] :
B :_—————[ : . er—
- : : CpFM
— ; — ; Timepix : CPFM.51991.UA9
o 1] st B it Tk : XRPH.51937.UA9 |:
- Crystal2 :
_ [ CRY2.51652.UA9 :
E —20f ' 5 2
= L . | Single Channeled Beam ;
2 - : +8c ‘ :
30 B ' I / Double Channeled Beam \ :
B 1o e T Crystal3 RO SRR gy e N e o
— CRY3.51799.UA9 N =
— - : - AN Absorber
— : Collimator NN || TACW.51998.UA9
| : : : TCSMS.51934.UA9 ‘ -
_40_ ....... * * B T . : ”""""""“\l. .........................................
— SPS Crystals from PNPI** ;
[ I ' : A : :
_50 L 1 1 i 1 1 i 1 L 1 1 1 1 L 1 1 I
‘ 5160 5200 5220 5240 5260

Secondary Wide Aperture SPS Crystal TCP78

(upgraded TCP74)
Bending angle: 301 *3urad
Thickness: 4 +0.02mm
With: 1.5 +0.01mm
Torsion: 3 £0.5 urad/mm

Vertical Axis [mm]

Secondary Wide Aperture SPS Crystal TCP75
(upgraded TCP72)

197 + 8 urad

4 +0.5urad/mm
Deflecting width: 4 £0.02mm
Thickness: 6 £0.02mm
Efficiency (Xe ions, 40GeV/nucl): 41 %

Deflection angle:
Torsion:

**UA9 Collaborating meeting, 20-21 February 2018. Yu. GAVRIKOV, Yu. IVANOV

CpFM Results

i

Timepix integrated image

RP1 Internal (normalized)

6 8 1
Horizontal Axis [mm]

"normalized” means that each frame (0.5 sec) is
normalized by the total number of hits.

o Constant = 9.5e-03 +/- 5.5e-07
' Mean =25 +/- 1.2e-04
0.008 Jr' Slgma =8.5e-01 +/- 9.4e-05
0006 ‘f /
/

0.004: /

L/
o,oozf»/

6 8
Horizontal Axis [mm] '

Constant = 2.6e-03 +/- 5.3e-07
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Sigma =3.2e-01 +/- 6.0e-05
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Double crystal setup at SPS 2018. LHC collimator linear scan

—— BLM1 vs LHC COLL == BLMI vs LHC COLL

Scanl —— BLMA4 vs LHC COLL Scan 2 —-- BLM4 vs LHC COLL For the BLM measurements during
600000 _ LHC-type collimator linear scan:
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=
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@ Mean = -16.8 +/- ©0.05 mm
g Sigma = 0.85 +/- 0.07 mm
£ 027 4 Fit 2nd CH:
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Double crystal setup at SPS 2018. CpFM linear scan
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Critical reflection angle effect
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Double crystal setup with a target at SPS 2018

Not optimized for double channeling

Beam optics configuration of the setup Timepix integrated image
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Double crystal setup with a target at SPS 2018. CpFM linear scan

1200 x10° | | X100

I I
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= 1000 Mean =51.72+0.35 Mean =67.35+0.58 § 250
3 Std = 0714023 Std = 1.64+0.34 _I ; B
5 | i Ly 2
& 800 I | | / 200§
= | | R g
o / =
L 600 I I ' g I— I/ *II 150 X
2 | | + _‘. L, B
£ | T TRT B
3 | | | I - O
% 400 I I i}j T JF—/_I.// @ 100 E
3 I S et
£ 200 I SRS i \% 50

I + ++ ++ + +

ot ]
045IHIIIHIIIHIhﬁII 50“,\'\ | I55””I””I””II”Il')‘OIII”INA’R§;5\N | TWS 80 85 0

| Absolute Positipn [mm]

650 600 I550 500 450 400 Crys?g'lg Kick [waéi]OO 250 200 150 100 50
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
300 250 200 150 100 50 ) 0 -50 -100 -150 —200
Crystal3 Kick [urad]
Binning 1.0 mm
Unfortunately, very low statistics have been collected. 26
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Conclusions

1. The final configuration of the CpFM detector has been developed.

2. The device is sensitive to a single proton with a resolution less than 20 %/proton.
3. Depending on the PMT voltage, particles detection range is 1 — 103 protons/turn (23 us).
4. Due to the high amount of the produced Cherenkov light, a self-calibration with protons can be performed “on fly”.

Quartz: 10x 5 x5 cm?

Fibers bundle iv X

K1
LALd

PMT R762

Wavecatcher module

A.NATOCHII

CpFM Results

Cherenkov detector for proton Flux Measurement
Pyramid fused silica radiator with a PMT direct coupling
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Thanks for your attention ! )
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