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What To Expect Next Year
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« Operational instruments
« DOROS
« Diamond BLMs
« Head-Tall
« Schottky
« BSRT, WS, BGV - Covered by Georges
« ADT + ObsBox - Covered by Helga & Xavier

* Developments

« Coronagraph
* BSRS
« Emittance from Quadrupolar PU & Schottky
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DOROS - status in 2017 e — ottt

14/12/2017

-=-=. FESA (timber corr.).

 Large position errors have been - Y
reduced through better handling of the ¢
variable apertures of the collimator
BPMs.

» Since TS2, DOROS coll. BPMs have been T oeemreeasimn
included in SIS — a lot of work has been T T T T T
done to make the system reliable. :

» For standard BPMs, real-time linearity
correction operational since fill #6371.

« Reduces systematic position errors due to
beam intensity changes at locations with

Position change [pm]
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bunches * TCO TC1 TC2

sl DOROS - operational considerations 1 o e e
= 10 ... 30 © ® @
» The detector time constant (TC) is the only setting D S
that must be changed during the operation. The 300 ... 1000 © ©
optimal value depends on the number bunches 1000.... 3000 ©
and the filling pattern. The bunch intensity does not " EVENLY distributed
mOTTer. © = optimal measurement

= correct measurement
® = wrong measurement

* In 2017 the TC had to be changed manually by an
exper’r. n Single bunch

TCO

« Sometimes the wrong TC for the filing scheme has A

been used, resulting in bad quality measurements. T
) VA Full machine
« An automatic procedure for TC setup has been TCO .
developed and will be implemented in FESA for AT G

TC2

2018.
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DOROS - changes for 2018

* For 2018 it is planned to make the interlocked DORQOS
front-ends fully redundant:
« Two front-ends operating in parallel with shared BPM signails

« With redundancy a faulty front-end will not block operation
and can be replaced during the next access.

* The front-ends installed on four Q7 and two AFP BPMs in
P1 will publish data via DIP.

« Two additional front-ends will be installed for dedicated
observation and logging of the low frequency beam
spectra.

« The exact locations are being discussed.

« New OP GUI for system monitoring.

A

D 3 emr

4 3 21
channels

DOROS FE

(2 planes)

FEI

4 3 2 1
channels

DOROS FE

(2 planes)

FE2



Diamond BLMs - installation for 2018
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Point 6 .

7= Beam Extraction

rom 7055 POINE 7 ._.

‘ Primary Collimators

Prevessin. Moéns
FerneygNVoltolr
"""‘;-. Point 8
2 ns P
.I
Point 8

S~ &7 E —
Scemn Beam 2 Injection

Operational systems

« P2,8 (inj) + P6 (extr) + P7 (TCPs + crystal coll.)
» Total 10 detectors
* Including temporary installation for 16L2

« Using either oscilloscopes or ROSY boxes .

« All systems remain asis for 2018 to avoid
disruption in the last part of the run

Beam 1 Injection ™
n2

Development systems
« P2,8 (inj) + P7 (crystal coll.)

« Total of 4 detectors connected in parallel
to 3 new (VFC) acquisition systems

« Note: also 3 more in SPS

* More to be added as the electronics arrive (mid-2018)
« Analogue signals split before input to allow:

« Benchmarking with current systems - - 2

« Uninterrupted development and deployment -wumd coce \_Rosy
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Diamond BLMs - elecironic development

« Electronics are based on:
« Commercial FMC with 2x 1GSPS 14bit ADCs
« Bl standard VFC-HD carrier
« Standard VME crate and FEC

« Firmware and FESA server already available with
main functionality implemented

« More features for data reduction and synchronisation to
become available throughout 2018

« Advantages

« Standard electronics that integrate better in our controls
and timing environments

« Histograms and waveform acquisitions of both channels in
parallel with separate settings and finer control

« Code maintained by B
« Synergy with FBCT developments

Will be the operational acquisition system after LS2

Future electronics for the
operational systems
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Head-Tail Monitor - status in 2017

« During 2017, Head-Tail Monitor has been used regularly for MDs and
during operation.

« Added a low latency beam-dump trigger with a direct connection to BIS
“beam info” signal.

* Provided valuable input for 16L2 diagnostics allowing verification of
simulation models:

B1V b1381 - Dump on 2017-08-31 at 07:14:03

0.0006 . DELPHI pickup time signal 01; 5 turns, Q' = 19.0, d = 50.0

D. Amorim, et al

004 b

0.0004

0.00 F—== 0.0000

002 F —0.0002

—0.0004
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Head-Tail Monitor - status in 2017

« During 2017, Head-Tail Monitor has been used regularly for MDs and
during operation.

« Added a low latency beam-dump trigger with a direct connection to BIS
“beam info” signal.

* Provided valuable input for 16L2 diagnostics allowing verification of
simulation models:

0.015

0.0006

B1V b474 - Dump on 2017-09-03 at 22:25:48 DELPHI pickup time signal of 15 turns, Q'=20.0, d = 50.0

D. Amorim, et al

» 0.0000

—0.0002 LN
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Head-Tail Monitor — upgrades for 2018

For 2018, new digitizers will be installed: >
* 1Tturns - 450 turns  © Sl oo j
. 8bit > 10-bit ® e el o
« 40MB - 3.2GB ® - m

Keysight DSOS404A

Already tested in SPS, showing greatly improved signal to noise ratio:

Horizontal Delta

0.02
0.00
-0.02 -
9dB lower
noise floor Horizontal Delta
0.02 4
v
0.00

-0.02 ~
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Head-Tail Monitor — calibration

Calibration of LHC Head-Tail Monitor for B2 done as a “parasitic’” MD

# during MD2408/2733:

:Q LHC Head-Tail B2 2017-12-01

: B R s E
s Scaling ~0.042/mm A .
5 0.2 e
g .

£ ~ -0 '

: = I

g -0.1 ' '

- o

_% —-0.2 A '

-:% - = Bumpo(mm) ‘ ’

3 |t is proposed fto repeat this calibrafion during commissioning after YETS.

—_
—_



Head-Tail Monitor — calibration
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File System User Help

2 -
% LHC Head-Tail Beam 1
q>) .
| Options: v/ Load Horizontal Delta
= v Scale Y 0.01 A Fa——_—— ‘—\______
_ Show F5
o} 0.00
e) v| Repeat
Z 4] Baseli
aseline
< -0.01 -
) 2D Plot ' ! : ' '
% Fixed Colours Horizontal Sigma
.0 1
>
LIJ -
< Offset: |0.0 0
~

Repeat: |88924.4935

—
Start: |1 .
8 Vertical Delta
> Num: |11
-
x
0} Inc: [1
Z
—-—
§ From: |201
Iil< To: 201 T T T T T
|9 All Vertical Sigma
- . 14
o Bunch: |# 201 /_,’—\
-
= 0 -
C
.0
=
9 _1 L T T T T T
C 201.38 201.40 20142 201 44 201.46
£
S a - zoom rect
£ Jir) (%)= A € > $Q =~ QB
(@

LHC.BQHT.B1_20171201_050134.h5 | 38 MB | 10.0 MS | 11 turns




14/12/2017

(%)
C
)
>
(0]
—
—
o
©)
<
0
V4
=
(©)
2
[
9
>
LU
-
—
N
5
)
>_
-+
x
(0)
Z
-+
O
)
o
>
L
©)
'_
-
O
e
=z
c
0
=
O
+—
()
)
£
D
=
%)
£

w

Schottky Monitor

» Calculation of tune/chromaticity is
performed online:
« CCC fixed display is available
« Datais logged to TIMBER

« Bunch gating selection is configured
automatically based on filing scheme

- Now available for operatfional use at
injection for confinuous, non-invasive,
chromaticity measurement

 Integration info Accelerator Cockpite

» Discrepancy w.r.t. RF modulatfion
measured in MD2408 as < 2 units

LHC.BQSH.B1.Analysis

el || [~ W 6 EEE L G E E s am m =
Schottky spectrum [dB] - Dec 2, 2017 12:19:55 AM [32768] <7
<10xlog10(PSD)>
70

|QE =10.1+0.3| Q&% =10.62 | qB = 0.2791 + 0.00047 | Qs = 0.00441
60
504 lq = 0.2878 = 0.00025  [q = 0.2795 = 0.00092] + 0.00023]  [q = 0.2869 + 0.00125]

4 A

A

T
-1 -0.8 -0.6 -0.4 -0.2

Use hump:| | 1|v/| 2|v| 3| |4  Start/Endtune: 0.27 | 0.35¢| Get | Set View:

0.4 0.6 0.8

f/Frev
<10xlogl0(PSD)> ~ []]

201 T.Tydecks I
; i -'*Wm'
) /t g |
15 = "' Oct. off |
| "-\ Oct. on ‘[Oct. on
; . %? N ,f'ﬁ' A ’ 4l
S 10l b TR V) AR S RS \ g
g 10 i:‘ '
5 ik fid —— EBILHfit
S s . i £ B1V fit
—— EB2Hfit
i —— EB2Vit
W £ B1H thr.
01 £ BV thr.
v £ B2H thr.
; ------ £ B2V thr.
-5 | | L | | T |
2 2 2 2 ) 2 2 2
rl,?)'i\ w» e %l o e o 00':\ QO b QU'D" 00.'6
oY oY oY o> Qb Qb Qb Qb

Time Dec 2017 / dd HH:MM
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Coronagraph

2016

« Coronagraph installed on Beam 2

« Working principle demonstrated at 450 GeV

 Interpretation difficult at 6.5 TeV as halo dominated by
a parasitic light source

2017

« Coronagraph dismounted during EYETS, layout slightly
changed to better control the SR entrance

 Installation of observation cameras in the system and
gated intensified camera (bunch by bunch)

« Shaving edge radiation reduces the parasitic light

« Measurements are now possible




J. Barros, E. Bravin, G. Trad

Coronagraph — 2017 MDs at 6.5 TeV
Halo Control

14/12/2017

Conirast Reach

e

0}

3 / H Blow Up H Scraping \

i 400 150 400 100

8‘ 350 100

<

& 20 o 300 Core Integrahqn 15 ms
= Halo Integration 1 s
.g 250 0

= (09‘00 oo w0 0 D gy g -1ou

5

%: V scraping \ Hlorizo;;tal Ver}i\xzal

2 400 s

s _ 0

S 350 - 10t <

uE -100 S

S 300 . S

5 ™ 200 102} /i < \ £y

2 250 i —

: a00 o g SRR
2 200 , e 5 i
£ 400 500 600 / 10%7. L S -,
& L 55

= Ty b D =
£ Halo Variation Sensitivity: e o ao0 oo

H = 2x10? protons
V = 2x108 protons
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BSRS - Slit Scanner G. Trad

Potential to overcome the profile distortion due to intensifier ageing
Ageing reduces the total sensitivity but does not distort the profile

Full machine profiles acquisition in few hundreds of msec

R&D instrument, will be Installed in parallel to the B2 imaging line in 2018

Scanning Slit i Scan A Profies
Optics W
Beam Beam Image I
- . SR Light 1000

rrrrr I Beam I
Slit IIII I"I

SENCODER POSITIONN

-------------- 2
AN 000 e R R i R R e e e T e T
N 7\ il gmetesnny Cy
Bunch by Bunch 1 7\ | ;
Profile N 0
J PMT CURRENT
Calibration 1 ‘ ‘
: [
Bunch by Bunch .. ‘} A & Sha e
Profile i b aa s b i
e S e e e T e L A e T  E e T s e
R J 20 - -
SR Slit Scanner 0 20 w 500 80 1000 1200
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Quadrupolar PU

Abs.
Measurement
(aperture scans)

Diff.
Measurement
(const. aperture)

A. Sounas

Principle: beam size information in button’s signal

Quadrupolar Diff (mm?)

V = ib[C0+C1x+C2(x2_y2 +O—J?_O-}%)+]
|—'—,

Beam size

2.0

— BPTDH.A4L5.B1, BPTUV.A4L5.B1

--- BPTDH.A4L5.B1, BPTDV.A4L5.B1 ,\_)p
—— BPTUH.A4L5.B1, BPTDV.A4L5.81
— BPTUH.A4L5.B1, BPTUV.A4L5.B1

15+

1.0+

_1.5 -

T T T T T
1612:10 16 12:11 1612:12 16 12:13 16 12:14
Time

Preliminary Results 05/2017*

*Differential Measurement using 4 different Hor-Ver
pairs of collimator BPMs. Single bunch at Injection.
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Quadrupolar PU - MD2733

A. Sounas

Differential measurements at 1Hz with DOROS at Q7L/R1 during the ramp:

0.8 -
0.6 -
E 04
E
£ 0.2
(]
T
E 0.0 b
[
=
5 -0.2]
10}
=
 _0.4-
~0.6 1

e optics
X Wire Scanner

— 2 2
— BPMR.7L1.B1 . _ 1.0 { — BPMR.7L1.B1
—— BPM.7L1.B2 e T —— BPM.7L1.B2
—— BPMRA.7R1.B2 potle . e 00 000 e o ° = —— BPMRA.7R1.B2
S e @ O E 0.8
=X e £
. il
. =
. 2 06-
o
©
o
__________________________________________________________ S
T 0.4 1
e optics 3
o X Wire Scanner* £
N 5 0.2 -
% Ll o
~. ® 9 0 ° =
Yo L] e o o0 e ®
Sy =X
= 0.0 1 .
0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 20.0 0.0 2.5 5.0
Time (min)

A=0Q —0Qo

*Aligned with the BPM measurements in the Flat Top

75 100 125 150 175  20.0

Time (min)
A
Aporm =
QFT




Schoitky — MD2408 emittance measurement T. Tydecks
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B1H blown up from 1 um to 3.5 um. Change of Schottky emittance

H  Change in Schottky spectrum clear  GUring energy ramp:

W butrafio smaller than expected. Final ratio in right ballpark:

5 0.04 vs 450/6500 = 0.07

<

,§ 0.50

§ 0.45- /’_"v 0.4- 16000
5 . 15000
= 5 040 /—\/“'m‘ﬂf:’\—w 5 0.3

% g -g — e B1H 4000~
S B ‘/W//Jv‘ Q — eBIV 8
5 c = 0.2 — & B2H -~
o 3 —— £B2V [3000.7
% 'S 0.30 =

O s =

';c' 0.25 0.1 2000
= ‘ — &BIH

% —— eB1V 1000
g o0y _ iﬁ;g 0.0- —

£ Q’LQG 5 Q,LQ\ © ‘}0\'-06' Q’LQT'G% o QT'X()‘ o Q’L'-\’%I Gq}g’b'ﬁ‘o 0 Q’L'ff')l @Q’L'-fbo 0 Q’L'-?’%I G,LQ’L'P’Q 0 Q’L‘-Df')l

Time Dec 2017 / dd HH:MM Time Dec 2017 / dd HH:MM
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Conclusions

14/12/2017

« DOROS
 Linearity improved through on-line correction
« Position errors reduced with better handing of variable collimator aperture
« Automatic time constant switching to be made operational
« Redundancy planned for front-ends used by SIS

« Diamond BLMs

 No change to operational system acquisition before LS2
« New acquisition system being developed and deployed in parallel

« Head-Tail Monitor
« New digitizers to be installed during YETS
« More turns & higher resolution available, but much larger file sizes
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Conclusions, cont.

« Schottky Monitor

« Online chromaticity available at injection, discrepancy w.r.t. RF modulation < 2 units
* |nitial tests of emittance measurement performed during last MDs
« Measurement during the ramp and at FT remains challenging

« Coronagraph
« Remains a development instrument, installed only on B2
« Promising results from 2017 MDs

« BSRS (slit scanner)
« Potenftial remedy for profile distortion due to image intensifier aging
* WIill be installed in parallel to imaging line of B2 during YETS for tests in 2018

« Quadrupolar PU

« Potential for beam size measurements with DOROS BPMs under study
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Beam Gas Curtain

 Installed in place of the BGIs in D5L4.B and reusing their existing gas
iInjection system.

* Provides a basic fluorescence test in view of an overlap instrument for
the hollow electron lens which is foreseen for installation in LS3.

« A demonstrator instrument foreseen to be installed in LS2.

Gas injection line



Time constant (TC) setup: bunch number

Operation with a single (or a few) bunches:

The only choice is TCO, as TC2 provides too much
discharge at the output of the diode detectors for so rare
charging, making the average signal very low.
Operation with TC2 in such conditions would cause the
automatic gain control increasing the RF gain, which in
turn would lead to a fatal signal saturation.

Operation with the full machine (or many bunches):

The only choice is TC2, as TCO makes the detectors to
operate at the bunches with the largest intensity.
If the maximum intensity bunch changes, then the detector
would shift its operation to that bunch.

If the beam has a large beam offset, then TCO may cause
the detectors of the BPM electrode pair operating at
different bunches.

With TC2 the detectors operate more in the “average”
mode, in which the changing bunch intensity does not
modify significantly the detector operation.

V A
] TCO
TC2
. ¢
T T »
V4 TCO
T~~~ T
TC2
. 4
r >
LHC fill at its beginning (1)
A and after some hours of collisions (\)
R It o
TC2
. 4
r >

M.Gasior, CERN-BE-BI

DOROS: 2017 news and 2018 plans

24



Time constant (TC) setup: bunch pattern

Operation with distributed bunches

From some hundred distributed bunches
any time constant is acceptable.
However, TC1 and TC2 would help to avoid
systematic errors during long
measurements, caused by the intensity
decay.

Operation with “grouped” bunches:

If the bunches are not distributed, then TC2
must not be used, as it would make the
average detector signal too small.

VA

TC2

Ve~

TC2

M.Gasior, CERN-BE-BI

DOROS: 2017 news and 2018 plans

25



X Automatic setup of the time constant (TC)

- Each fill starts with TCO, which is kept until the beam injections are finished, that is until the beam mode
changes to “prepare ramp”.

- Athe beginning of “prepare ramp” FESA runs the following procedure:

- Switch to TC1.
If the detector signal drops by more than 5 % @ (too much discharge), then

- return to TCO and finish the procedure.

- Switch to TC2.
If the detector signal drops by more than 5 % @ (too much discharge), then

- return to TC1 and finish the procedure.

- The setup time constant is used until the end of the cycle.

(@) - programmable FESA parameter TCsetupChange01
@ - programmable FESA parameter TCsetupChangel2

M.Gasior, CERN-BE-BI DOROS: 2017 news and 2018 plans
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