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Status of UA9 @

W. Scandale on behalf of the UA9 Collaboration Imperial College
London

g Outline of the measurements and tests in 2017
. in the SPS North Area
. in the SPS
. in LHC (in collaboration with the LHC Collimation Team)

-  Beam requests for 2018
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SPS North Area: key Issues
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FIG. 1:

Experimental layout in the H8 beam line.

G

- Procurement and test of crystals for
« the crystal-assisted collimation in LHC

« the double crystal experiment in LHC (bending
angle > 10 mrad = see SPSC-EOI-012)

« the double crystal experiment in the SPS

- Cross-section of inelastic nuclear
interactions (INI) in LHC-type crystals

« Special orientations (amorphous — planar
channeling — axial channeling)

« Close to the planar channeling orientation
- Detectors

« Medipix

« in-vacuum Cherenkov (CpFM)
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SPS-North Area: Oct 2016 - Oct 2017

NA-H8 Test beam

53 days assigned in 5 runs : 46d main user, 7d parasitic
Effective time: ~ 50 % (~50 % lost for machine problems)

2017

Secondary Pion beam
(180 GeV)
Main user
- July 12th — 19t
- August 231 — 30th

Energy too low for - September 15t — 21t _
reasonable Parasitic to TOTEM No protons delivered
measurements - May 15t — 24t for micro-collimator

problem
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SPS North Area: upgrade of the tracker

- Optimization of Tracker, to test
crystals with large deflection angle
« Use only 4 sensor (drop plane 5)
« New DAQ and reconstruction software
« Angular resolution 5 = 15 urad
« Relative resolution not worsened

- Tracker commissioning with Xe lons
beam (October 2017)
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FIG. 1: Experimental layout in the H8 beam line.
UR 2

Correlation of the bending angle values
measured with beam and X-ray delayed
to 2018 (x-ray source unavailable in 2017)
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SPS North Area: LHC quasi-mosaic crystals

4 QM crystals prepared by PNPI:

Crystal Angle Efficiency Efficiency
urad % %
QMP46v2 56 + 3 71+3 68 + 3
QMP52 55+ 3 69 + 3 66 + 3
QMP53 55+ 2 71+2 65+ 3
QMP54 56 + 2 70+ 3 66 + 3
Protons Pions
+ 5 prad + 5 prad
Holder size
Dimentions HXWxL, mm 40 x 30 x 25
Weight, g 96 +1

Holder material Titanium alloy grade V

\\‘3\ g 1:3 S 158
\ i kY B~ P R
1101 hum |

QMP46v2 |, QMP52 QMP53 1

QMP54

2016-2017 YETS
Installed in ring 2 of LHC

— o o e o o o o= o

|
|
|
/

December 2016

» Crystal QMP46 has crushed against metal
mechanism during goniometer test

May 2017
+ QMP46v2 successfully recovered and re-bent

UA 3

additional QM crystals required in 2018 in view of LS2 5




SPS North Area: LHC strip crystals

- = Tests of the new series of crystals with titanium holder

STF 105 - Deflection angle vs time STF 107 - Deflection angle vs time
56 @® High resolution x-ray 60 —-
diffraction High resolution x-ray ~ © !
+ CERN-Protons diffraction
54 ) ) ® CERN-Protons
—_ B CERN-Pions E 58
¥ 3
352 p
] To56 o
® c
® 50 :
§ O 54 :
7] :
a % 52 Heating
" Heating : Q \
\ 50 U
44 . -5.00 45.00 95.00 145.00 195.00 245.00 295.00 345.00 395.00
5.00 9500 19500 295.00 395.00 495.00 595.00 695.00 795.00 895.00 D
Days ays

STF 110 measured only once in May 2017: bending angle 54 prad, efficiency 70 %

STF crystals in stand-by for additional thermal cycles and tests in 2018
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SPS North Area: QMP63 for SPS

Large bending angle and length for a more realistic Length: 10 mm
test of the double crystal experiment in the SPS Deflection angle 340+5 prad
Efficiency 54 %
Torsion 2 urad/mm
F? Defl ﬂang\ef‘OMpﬁll\."PW Ophnmllmlp-“nqﬂzm*it‘ﬂ rut*»":'twiad e
|
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SPS North Area: focusing crystals

7%, .

~~~ __ Crystal b)

Focal point

* Focusing crystals could be placed in the first
position for the double crystal experiment at the
SPS

* matching the deflected beam to the size of the
second crystal is the very challenging goal

UA 3

Large efficiency crystal | Very low focusing length
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SPS North Area: wide aperture crystals

4 mm — Length along the beam
(111) — Deflecting crystal plane

angle X, urad

Deflection

Fig. Defl Ang X (imp.Pos X), with Imp Ang X cuts: [-1 - 1] urad

o,

05 0 05 1 15 2
Impact position X, mm

87 urad deflection

Wide aperture crystal SCP62

Wide aperture crystals are required for large size beam

deflection, i.e.:

» for the double crystal tests

» for the extraction of resonant beam by multi-volume-reflection

UA 3

Length: 4mm

Deflection angle: 85 *3 urad S Ssss i i

Efficiency: 55%

Torsion: <0.5 urad/mm J

Results are the same as in 2016 JI:

Which is good sign for the long term stability A - ‘ S 9
" IR I




SPS North Area:
Inelastlc Nuclear Interactions (INI) studies

055: PCH/AM
: 1.4
0.5¢ 1 1 i I i i i 1 ;
r L 1 L L 1 1 1 1
0.451
— r 1.2
X L
< O [ A 2
= 035+ | = PCH s 4
% r — AM o
8 03] %
[a L = 0.8
S 0'25? § E STF107Exp4 (Pions 180 GeV/c) :
g 0.2E § 0.6 E STFLHCSim (Pions 180 GeV/g) |7 """
2 0.15F S EI i
- L © reference :
0.1f § 0.4 R
0.05F < F ; :
0E Il Il Il Il Il Il Il Il 0.2 i_.““.““““““““““j ............................. ,’.““.“““““““““““é““““““.““““““““g ............................. g.
0 25 5 75 10 125 15 175 20 225 H ; ; ; ; ;
Cuttlng Angle (prad) 0 T | | | | | | | | | | | | | | | | | | | | | | | | |
Absolute INI probability for ~100 ~%0 0 %0 10 0,0
planar channeling, and axial channellng INI probability in an angular range close to the
orientation of a bent silicon crystal optimal planar channeling orientation (0,,=0)
UA 0 experimental data versus simulation

New data with proton beam expected in 2018




SPS North Area: MEDIPIX

Goal: a realistic evaluation of the particle flux
Improvement of the Cluster Analysis

0 Real Frame

2 e _ Goal: a large increase of the duty
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Full use of Timepix3 in UA9 expected in 2018




SPS North Area: MEDIPIX

YvsX without BKG (norm. on 1 sec)

Y vs X (norm. on 1 sec)

Average BKG value: !
0.62e-4 (sec?) , R

Y [pixols]

—
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Goal: a realistic evaluation of the signal versus background '
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SPS North Area: MEDIPIX and CpFM

Timepix & CpFM (COBRA electronics). August 2017

Trigger plastic
4 scintillator

»

Timepix

Beam

=

CpFM
Quartz bar

PMT

| ot

External trigger:

>> Signal from trg. plast. scintillator
&

>> Signal from Spill

COBRA electr.:
>>1GS/s

>> 4 ms DAQ
>> external trig.

Timepix:

>> 12 MHz (83 ns)
>> 1 ms DAQ

>> external trig.

DAQ:
20 Frames

Beam:
~1e5 p/s

Counts
g 8

s & & 8 8 8 8 & & §

Timepix & CpFM. Synchronization and lineati

— CpFM
Timepix

% 100 120 140 160 180 200

20

w0 30 S0 50 30 0
UnixTime of the Frames [ns]

1]
& x2/ndf  2531/18
g, 4: p0 178 +28.19
Beso p1 2.32+ 0.23
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450

=
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8

CpF
g
! "

BB B BB EE s s 8 EE R
Y

| CpFM = po + p1*TMPX

50 100 150 200 250 300 350 40‘; 450 500 550 600 650 7
Timepix number of clusters per 1 ms

Goal: cross-calibration of the CpFM and the Medipix
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SPS: key Issues from Oct 2016 to Sept 2017

~45m, Ay =60° ~67m, Ay=90° ~60m, Ay =90° ~60m, Ay =90°

(Empty)O
Collimator]
5 CrystaIsD
+ 1 spare

Deflected beam
Absorberl(] I I I I I I
= W oocm) | L= =
+ graph|te l m Scraper

@
ScraperD Cheren v CpFMO  cheFenkov
scraperd (\N 10 cm)O
(W, 10 cm)d (thin)J a x GEMUO (fixed)O Cherenkovl

Roman Pot

~45m, Ay =60° Roman Pot (2 Medlplx)D

BL

(graphite, 1 m)O

* Optics of double crystal process
* First successful test of double crystal process
« Effect of crystal miscut: performance of crystal 1 versus crystal 4
« Calibration of the CpFM and the Medipix
UA 9 « Source of beam instabilities
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SPS availability for UA9

Date

Total@imel
[h]

Nofbeamdh]

optimizationdh]

Beam[

Measurementsih]

Instabilitiesdh]

Measurements

Notes 55%
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6 25%

0%

17

71%

4%

13Btudy®DfEnachineBtability®@atalR
normalization®th
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0%

10.5
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2320356
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235
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4.5
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Beam
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5%
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SPS: optics for the two-crystal setup (april 2017)

« Minimal addition of components
« Back-compatibility with collimation and extraction tests

« Correct phase advance of Crystall, Crystal2 and absorber TACW at the tune value of Q, =20.xx

« Existing instrumentation sufficient to assess if the double-channeled beam can be produced

Improvements for 2018

* Upgrade of instrumentation
for advanced measurements

 Install another TACW-type
absorber to operate at the
nominal tune value of Q,=26.xx

—_
E
x
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SPS: double-crystal layout completed on July 5th

DuringfIrS2@2017
TECS.51652 TECS.51797 TECS.51799
IHEP2 IHEP1 IHEP2
beam Crystal A (QM)} Crystal B (ST) Crystal A (QM) Crystal B (ST)
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Crystal A {QM] Crystal B (ST}

Cri cro | ~BOEn Cr3 Cra
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—_—

Crl Ccr2
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i [

!

. N Drive A Drive B Drive A Drive B
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x [m]

SPS: first test of double-channeled beam
17-18 Sept 2017

UA9 SPS run on Sep 18th 2017

UA9- Minimum Double Crystal - Qx= 20.13, Qy= 20.18 - Emittance = 5E-9 m rad Second crystal alianed Beam deflected by crystall
0.037 y 9 ) (crystal2 not in channeling)
Beam@bstaclesd o Vedini —— Second crystal not aligned i - '.L
0.028 Detectors@ Collimatorfl f "?‘
oot Medipix@ TALD 105 7 '.C_U' ~
Circula@gbeamp 0 —
— (Circbegbeors 0V 0000000
0.008 . . . . . . } } } [Vp] ..cg 'a‘
51200 51807 402 52 07 (@] [Vp] <
W ° 93
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0018 — E (@) (.r)
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002 Crystalz=T76uradE [j1c 10°7T m += crystall AND cfystal2
Collimator] CpFM \ )
003 b BLMSsE ¢ ™ ,—A—\
stml Residual beam
deflected by
crystall and
NOT by crystal2
103 4
T T T T T
—20 -15 =10 -5 0
UA 9 LHC collimator position [mm]
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SPS: double-channeled beam 17-18 sept 2017

RP3 EXT rp3 INT Preliminary data collected with the Medipix detectors
Position 1": e Positions : 1 2 3 4
7:31:00 ~ 7:31:30 E !g_ CRY T oA SN SV T 507 A IR N ......................

= 1] TV

A % _5 ,E_ CRY4_‘\‘RP3EXT\_\ \

w $ E RPIINTT \/ VA ,,SF?CQLL
Position 2’ — N 7 N 73&‘““““/?{ mmmﬂnm}s'
7:31:50 ~ 7:32:20 T s i i

©

e

5 Beam D o

' ® 5

<
Position 3’

7:32:30 ~ 7:33:00 Position 4’:
7:34:00 ~ 7:34:30

Beam

02

Beam

02

(995 1 U0 "Whou) X SA A

UA (] * improve the efficiency of the process by a better crystal positioning
J + avoid multi-turn spots in the sensors by a better absorber positioning




SPS: crystals with different pollshlng

The angle between the lattice and the surface of the crystal (mis-cut)
can affect collimation performance

Test with two strip crystals (INFN-FE) with identical geometry

Crystal Bending angle Length (2) Width (x) Mis-cut angle Torsion 5 5
j
1 165 prad 1.87 mm 0.5 mm 6 yrad < 1 yrad/mm 2 g
E £
g g
4 176 prad 2.00 mm 0.5 mm 200 prad < 1 yrad/mm
3 16
Crystall Crystal4 % 14— II‘
s C
ACRY-TACW [mm] 0.96 1.93 i?j 1.2 " 5
£ | |l |
5 | !
Emittance [p rad] 6.00E-9 6.00E-9 = 1 f{f \ II W[l
0.8 Mh ‘ 11 \ )
Crystal position [o] 9.19 4.23 \ N \
0.6/— ifid
Date 2016/10/18 2016/10/18 -
04— f
Time GMT 09:00:27 17:30:00 e il Crystal 1
- i — Crystal 4
b |0| e |

i e s s
-50 100 150

—1 00
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Calibration of the CpFM with PD-10NS - pec 2016

Pb-ions produce about 6724 times more light than protons
— separate contribution of 1, 2, 3 ions individually
— Compute the no. of photoelectrons per proton

Photoelectron yield efficiency
0.066 = 0.043 (p.e. / proton) for CpFM1
0.218 + 0.111 (p.e. / proton) for CpFM2

10

Maximum Amplitude of WF CH1

One ion

0.2

max_ampl[1]
Entries 39036
Mean 0.01658
RMS 0.06744
%2/ ndf 44,67 / 36
Constant 1025 + 3.4

Mean 0.2866 + 0.0005

Two ions

Sigma 0.01913 + 0.00041

0.4

0.6

Three ions

Illﬂll“. L.
08 1 2

Max. Amplitude , V

Expected from simulations : 0.6 p.e./proton !

Maximum Amplitude of WF CH2

max_ampl[2]
Entries 39036
10° Mean 0.04554
AMS 0.2036
x*/ ndt 9024 (18
10° Constant 166.2 + 6.1
Mean 0.9968 + 0.0004
Sigma 0.01275 + 0.00031

0_ 0.2 0.4 0.6 0.8 1 1.2

Max. Amplitude , V
Actions during YETS 17 to improve the detector sensitivity:
Replace the two radiators with a single one
Remove the fiber bundle



LHC: crystal installation in R

20F
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| | [ ur o
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Semi-analytical studies has been provided to find the 0

] r ¥.
Fystal|--absoroer : ]

/

best location to install the crystal on beam 2 line. s
The possible available location where evaluated wrt —
the clearance obtained at the absorber collimator a0 —— N
- R H‘s‘eclé‘ 6650 | 6700 6750 ‘LﬁsoL‘ ‘éssé‘s‘[én?]oo
The grey line represent the envelope channeled beam extract from a 50 prad % 20;
bent crystal. oF .
The lighter line represent the kick plus (and minus) a critical angle, hence the g ERsoTRer AN ||
channeled beam size envelope is represented 10F
The red lines represent the beam envelope g erystal 1
,E_,/' /\;///’\\__ L
OE“\\—/ T T
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L H C = Local LOSS REd u Ctl O n Crystal angular scans give information

about crystal channeling efficiency
Horizontal Crystal Angular Scan @ 6.5 TeV

E
. . . 8
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Requests for 2018 |GoALNHs

1. ldentifications of crystals for LHC and SPS runs

2. Correlation of the bending angle values
obtained with beam and X-ray source

3. New technology crystals (large bending angle)

- Requestin H8

7 days with ions

s

Focusing crystals for SPS

18 days with 400 GeV protons 5. Calibration of Medipix and CpFM detectors for

the double crystal test in SPS

Request in the SPS
3 days with 270 GeV protons
1 day with ions

G

GOAL IN the SPS

1. Complete the studies started in 2017 on the double crystal test

2. Evaluate the efficiency and the background of the double crystal
process

3. Extend the double crystal test by inserting the target in front of
the second crystal in view of detecting the change of efficiency
and background and of optimizing the performance

W. Scandale — SPSC 17/10/2017 24




Acknowledgments

Several CERN groups supported the UA9 activity, helping in the procurement, the installation and the operation:
EN/STI, EN/HE, EN/EA, BE/ABP, BE/OP, BE/RF,TE/ABT, TE/VSC, TE/IMPE

Publications and thesis

1) “The CpFM, an in-vacuum Cherenkov beam monitor for UA9 at SPS”, V. Puill et al., JINST 12 P04029 (2017);

2) “Possibility of high efficient beam extraction from the CERN SPS with a bent crystal. Simulation results”, W. Scandale et al, Nuclear
Instruments and Methods in Physics Research A 848 (2017) 166-169;

3) “Measurement of multiple scattering of high energy protons in bent silicon crystals”, W. Scandale et al, Nuclear Instruments and
Methods in Physics Research B 402 (2017) 291-295.

One master thesis concluded
Two PhD thesis to be completed by 2017

The Department of Nuclear Physics and High Energy Physics

Thank you for your attention!

W. Scandale — SPSC 17/10/2017

of Taras Shevchenko National University of Kyiv (TSNUK) requested to join UA9 in 2018

25



