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BCCM (dl/dt) system

shared BPMs: NRLP — RFA

25 :
system A: BPMYA.5R4.B1+B2 / \BP M
system B: BPMYA.6R4.B1+B2 -\')-—> NRLP = RFA

T l

NRLP (—»{ RFA |«

NRLP || RFA ED : ALP ADC ‘ FPGA BIS

NRLP — Non-Reflective Low-Pass (= 80 MHz)
RFA — RF Amplifier N

14 132 ’
ED — Envelope Detector “ ‘ (\ k TRUE|  esseese
ALP — Active Low-Pass (= 2 MHz) ! | L { FALSE eccocsceccee

= BCCM uses BPM signals with the position dependency

removed by summing the electrode signals

» Extensive analog processing to make the signals

as slow as possible, allowing digitization with the highest Window [turn] 1 4 16 64 225 1125
possible resolution: low-pass filtering, amplification, <05 6 6 6 6 6 10
envelope detection/rectification, further filtering >05 3 3 3 3 5 10

= Two operational redundant systems in UA47 (A + B)) Energy [TeV] Losses [lell]

+ one R&D not connected to the BIS in UA43 (C)
+ one R&D inthe lab ( TST)

= The BCCM dump triggers were unmasked on 8 April

(connection to BIC in September 2018)
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BCCM in service: first dump on 9 May (fill #9609)

[ Home - Radio 50 ¢
ALATNG

B
<« C @
(]

Vistars X Directory|CERN X &5 Timber

O & post-

m-paas.web.cern.ch/da

Main [ Informations [JLHC+ [ Projects [ Misc [ Current

>

POST MORTEM
I Raw Data

Events

Analysis

CERN

Background image CC

Time filter type Time unit

Timerange ~ Date/time (local time)

End time (hh.mm.ss) *

07:00:00 @

Class (optional)

X BceM X

(optional)

Systel
Q LHC

A Hide Filters

Timestamp 4

Thu May. 022024 -

12723000000

Thu May.02 2024 - 06:36:12,723000000

Thu May 09 2024 - 06:36:15,723000000

Thu May 09 2024 - 06:36:15,723000000

Thu May 039 2024 - 06:36:15,723000000

Thu May 0% 2024 - 06:36:15,723000000

Thu May.02.2024 -, 15,723000000

X #& Timber

Start date (dd/mm/

~ 09/05/2024

Source (optional)

al

@

X

&2 Timber

06:00:00

)

System

LHC

LHC

LHC

LHC

LHC

X &8 Timber X #= Timber

End Date (dd/mm/yy.

09/05/2024 =

Allow duplicates

Class Source

BCCM LHC.BCCM.B2.B
BCCM TST.BCCM.B1
BCCM LHC.BCCM.B2.C
BCCM LHC.BCCM.B1.C
BCCM LHCBCCM.B2.A
BCCM LHC.BCCM.I
BCCM LHC.BCCM.BL.A

Items per page: 50 ¥ 1-

X & Timber

¥ Clear

X & Timber

oTimestampInNanos=1715.

X &2 Timber by

& Timber

i Table »/ Chart
> pmAnalysisFlags
> pmDataSource
> pmEventStamp
> sender
> version

Names and Values

Q Search name

NAME
acgStamp
dumplLevelW3
dumplevelW4
dumplLevelW1
beamEnergyFlag
dumplevelW2
dIntDumpW5s
lengthW4

dIntDumpwW4

{ v v v ¥ ¥V v v v v

int1T

intdT

double[]

LengthW3
lengthwW2
dIntDumpWwWé
lengthW1
dIntDumpW1
beamInfo
dIntDumpW3
lengthWé
dIntDumpW2

VY WY Y Y Y Y v

X & Timber X & Timber x @ PostMottem X+ v = X
w @ & =

ENV: PRO DB -
o X

<> Raw

{ "system": "LHC", "clazz": "BCCM", "source”™: "LHC.BCCM.B2.B", "wildcard": false }
1716371818054000000
root@cfv-ua47-bcem?2.cern.ch

alsl

TYPE
long
double
double
double
int
double
double
int
double
doublel] (8)

3483.389819335938,3483.4067047119142,3483.278671264649,3483.378707885
7426,3483.3517181396487,3483.3788757324223,3483.408013916016,3483.4121
093750005,3483.486431884766,3483.3185852050783,3483.4567565917973,348
3.45185546875,3483.462832641602,3483.370953369141,3483.4844177246096,3;
int
int
double
int
double
boolean
double

int

double

O

M.Gasior, T.Levens, SY-BI-IQ

First operational experience with the BCCM



@) BCCM in service: first dump on 9 May (fill #9609) @)
BCCM, fill 9609, 9/05/24, BCCM dump at 06h36s15, PM data
0r T-tﬁ“w*lﬂ'w A ik, *I_b:"l,.\.,;u h‘*mmmm e MMWW\WMH Y, R

) \//
o \
o0 4}
£ \

-8 LHC BCCM systems

— BlA  BIB — B2A  B2B
—-10 . — . — .
0 500 1000 1500 2000
Turn mdex
4
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Dump #1: TbT intensity from the (continuous) logging

O

B2.B

B2.A

lell p+

1200 1300 1400 1500 1600 1700 1800

0 100 200 300 400
Vector Index

== LHC BCCM.B2 A:TBT_INT_1T-(2024-05-09T04:36:15.83527)
== LHC.BCCM.B2.B:TBT_INT_1T-(2024-05-09T04:36:15.8022)
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@) Dump #1: summary from the PM data
window w1l W2 W3 w4 W5 W6
length [turns] 1 4 16 64 225 1125
dump level [ell] 3 3 3 3 5 10
dtDumpFlag [turn]
B1.A 3 3 3 3 3 3
B2.A 2 2 2 0 2 2
B1.B 3 3 3 3 3 3
B2.B 2 2 2 2 2 2
dintDump [ell]
B1.A 2694.3 2694.4 2694.3 2694.5 2694.4 2694.4
B2.A 2684.9 2685.0 2685.7 3.04 2688.4 2691.3
B1.B 2704.8 2705.4 2705.5 2705.6 2705.7 2705.5
B2.B 2700.0 2700.1 2700.7 2702.8 2703.5 2706.3
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Dump #1: dump flags for system B2.A (TbT logging)

1.05

0.95

” w4

0.7

06

Oorl

0.45

0.4

0.35

0.3

0.25

0.2

0.1

0.05

—— LHC BCCM B2 A:TBT_DUMP_FLAG_W1-(2024-05-09T04:36:15.8357)
—— LHC BCCM B2 A:TBT_DUMP_FLAG_W2-(2024-05-09T04:36:15.8357)
—+ LHC BCCM B2 A:TBT_DUMP_FLAG_W3-(2024-05-09T04:36:15 835%)
—— LHC BCCM B2 A:TBT_DUMP_FLAG_W4-(2024-05-09T04:36:15.8357)
—— LHC BCCM B2 A:TBT_DUMP_FLAG_W5-(2024-05-09T04:36:15.8357)
—— LHC BCCM B2 A:TBT_DUMP_FLAG_W6-(2024-05-09T04:36:15.8357)

782 784 786 788 790
Vector Index

798

500

802

804
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@) Dump #1.:

running sums for system B2.A (TbT logging)

45

Tell p+

05

0.25 4

o mibu« iR "‘”"?\, L.. ‘ﬁp'ﬁ

300 320

— LHC.BCCM.B2 A-TBT_D_INT_W1-(2024-05-09T04:36:15.8352)

== LHC.BCCM.B2. A:TBT_D_INT_W6-(2024-05-09T04:36:15.8352)

A | i1
A v "\‘ ‘\r f A Y "‘ fm 7 .\,' .“' lIAA -ﬂ J‘l!ﬁﬁlhhh IIRJLIM,th.dlﬁn|MjAl'l‘Am r\"‘ ‘\

420 440 460 480 500 520 540 560 580
Vector Index

== LHC BCCM.B2 A-TBT_D_INT_W4-(2024-05-09T04:36:15.8352)
== LHC BCCM.B2 A-TBT_D_INT_W5-(2024-05-09T04:36:15.8352)

600 620 640 660

—— LHC.BCCM B2 A:TBT_D_INT_W3-(2024-05-09T04:36:15 83527)

— LHC.BCCM B2 A:-TBT_D_INT_W2-(2024-05-09T04:36:15.8352)
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Dump #1: B2.A W4 running sum

Tell p+

, M i.a!\h)\}\nl\wj\

260 280 300 320

N

400 420 410 460 480 500 520 540 560 580 600 620
Vector Index

—— LHC BCCM B2 A-TBT_D_INT_W4-(2024-05-09T04:36:15.835Z)

700
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Dump #1: B2.A W4 running sum —zoom

3ell

Tell p+

761

762

763

764

Vector Index

== LHC.BCCM.B2.A:TBT_D_INT_W4-(2024-05-09T04:36:15.8352)

770

O

M.Gasior, T.Levens, SY-BI-IQ

First operational experience with the BCCM

10



O

Dump #2 on 20 May (fill #9653)

Intensity change [ell]

—-10

BCCM., fill 9653, 20/05/24, BCCM dump at_18h58s36, PM data

H‘Q\,\ w
\ b,

lL- v""“ q..t.
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LHC BCCM systems
— BLA BlB — B2A B2.B
0 500 1000 1500 2000

Turn index
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Dump #2: running sums for system B2.A (TbT logging)

i

10

9

8

X

6
R
Q
: 5

5

,. ", ““v‘./ k'
) W ’
%
. A
N
)
2
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v
cl;‘
: WV
224
ALY
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575 600 625 675 700 725 750 775 800 825 850 875 900 925 950 975 1000 1025 1050 1075 1100 125 1150 17s 1200

Vector Index

= LHC.BCCM.B2 A:TBT_D_INT_W1-(2024-05-20T16:58:36.4402)
== LHC.BCCM.B2 A:TBT_D_INT_W2-(2024-05-20T16:58:36.4402)
—— LHC.BCCM.B2. A:TBT_D_INT_W3-(2024-05-20T16:58:36.4402)
== LHC.BCCM.B2 A:TBT_D_INT_W4-(2024-05-20T16:58:36.4402)
= LHC.BCCM.B2 A:-TBT_D_INT_W5-(2024-05-20T16:58:36.4402)
== LHC.BCCM.B2.A:TBT_D_INT_W6-(2024-05-20T16:58:36.4402)
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Dump #2: B2.A W5 running sum —zoom

S5ell

lell p+

49

438

47

46

1195.5 1196 1196.5

—— LHC.ECCM.B2. A:TBT_D_INT_W5-(2024-05-20T16:38:36.440Z)
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1197.5
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1199
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1200 1200.5 1201 12015
Vector Index
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RF trip on 22 May (fill #9661)

BCCM, fill 9661, 22/05/24, Dump by RF trip, PM data

R S e V)

Intensity change [ell]
[

LHC BCCM systems
— Bl1.A B1.B — B2.A B2.B

0 T 10 20 | 30 40
Turn index
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Weakness #1: sensitivity to the bunch length (oscillations)

7000

6000

5000

4000

3000

2000

1000

energy

-1000

-2000

-3000

-4000

-5000

-6000

GeV

-7000

-8000

-5000

-10000

“1le+d

-1.2e+4

-1.3e+4

-1.4e+d

-1.5e+4

-1.6e+4

-1.7e+4

-1.8e+d

-1.9e+4

~2e+4
21:10 21115

—— LHC BCCM B2 A-D_INT_W6E_MAX
—— LHC.BCCM.B1.A:D_INT_W1_MAX

2120 21:25

—— LHC BCCM B2 A:D_INT_W5_MAX
—— LHC.ECCM.B1.A:BEAM_ENERGY

21:30 21:35

LHC BCCM B2 A:D_INT_W4_MAX

21:40 2145 21:50 21355 22:00 22:05 22110 2215 22:20 2225 22:30
Timestamp (LOCAL time)

=~ LHC BCCM B2 A'D_INT_W3_MAX  —— LHCBCCM B2 A‘D_INT_W2_MAX LHC BCCM B2 A'‘D_INT_WI_MAX == LHC BCCM B1 A:-D_INT_WG6_MAX  —— LHC BCCM.B1 A:D_INT_W5_MAX

22:35 22:40

=~ LHC BCCM B1 A:D_INT_W4_MAX

28

2.6

2.4

22

dl/dt signals
all windows
B1+2.A

08

06

0.4

0.2

22:45 22:50 22:55 23:00

—— LHC BCCM B1 A'D_INT_W3_MAX  —— LHC BCCM B1 A:D_INT_W2_MAX

+d [ 121
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Weakness #1: sensitivity to the bunch length (oscillations)

Largest (TbT) intensity oscillations N ‘ | , | 2 | M
are during the RF longitudinal blowup S ‘ | | D | (]

Oscillations = 2.5 ell peak-peak L o
on intensity = 3900 el1, i.e. = 0.06 %, ] | N
which is a very small imperfection | | il
for analogue signal processing | || | | L

TbT intensity, B1.A

Beam signals are taken from BPMs, which are first order high-pass systems

The current performance has been achieved with flattening the system frequency characteristic in the range
= 20 — 80 MHz, which was done at the expense of sacrificing = 75 % of the beam signal

FBCT signals were also used for tests, but with much worse results, despite the flat bandwidth = 1 kHz — 80 MHz

After LS3 BCCM is planned to have dedicated BPMs, resulting in larger beam signals, which may allow extending
the system bandwidth with flat frequency response. The wider flat response MAY reduce the bunch length sensitivity.
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@) Weakness #2: spurious dl/dt signals during injections @)
W4 dl/dt W4 dl/dt
system A system C
Mi |
¥ i;i :“f!lf: ; 'ﬁ' r

= Related to baseline shifts caused by the signal duty cycle increasing during the filling of the machine

= Special settings on R&D system C allowed almost complete reduction of the spurious signals,
at the expense of very unfavourable settings for small intensities (pilots not seen at all)

= Ongoing FPGA code development to allow more flexible settings, which should be optimal for all intensities

= Hope to deploy the new code on system C during TS1 and test it during the rest of the run.
Then we report the results to decide whether the new code should be used operationally during the 2025 run.
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@) Weakness #3: Intensity overestimation for larger bunch spacing
—— | p||ots B1.A,B1.B,B1.C
;; : B2.A, B2.B, B2.C
FBCT.B1,

full machine

= Related to “unconventional” usage of a key RF component (an envelope detector chip), which, however,
cannot be replaced by anything else without deteriorating the system performance

= Ongoing long-term hardware development to use the critical component in a different way, involving much faster sampling
(completely new 16-bit acquisition with 200 MHz sampling, different filtering and amplification)
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Conclusions and outlook

O

= BCCM is operational and reliable

= Two dumps triggered so far, both related to beam debunching after an RF trip.
In both cases the system acted as expected designed.

= During physics fills the 64-turn window (W4) is typically the closest to the dump trigger level,
with the highest values of = 60 % during the RF longitudinal blowup

= System has not undergone a thorough testing with beam.
Dedicated beam time is needed.

= PM automatic analysis module is being discussed

= Weaknesses of the system:

» Spurious dl/dt during injections:
being addressed in the FPGA code, deployment potentially for the startup 2025

* Intensity overestimation for larger bunch spacing:
ongoing development to increase the sampling rate to 200 MHz, to be able to relax filtering on the envelope detector
block; some hope to test with beam on system C before LS3

 Sensitivity to the bunch length oscillations:
potentially addressed after LS3, with larger signals from dedicated new BCCM BPMs

O
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Spare slides
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BCCM FESA post-mortem

S

cwe-513-volT15.cem.ch:1 (mgasiar) - TigerVNC

A

pplications : & Navigation Tool 2019-L...

a X

Marek Gasior

2

BCCMLHC 1.1.0

BCCMLHC Global

>

C

[B) LHE.BCCM.B1.C
= )

i BCCMLHC_DU.cfv-866-bidevl 7

Device Selection

(3 BCCMLHC_DU.civwad3-bcem3 |+
¢ CIBCCMLAC 1.1.0

[5] LH B2,

[ BCCMLHC_DU.cfvwad7-bceml
¢ EIBCCMLAHC 1.1.0
[B) LHC.BCCM.B1.A

(3 BECMLHC_DU.cfvuad 7-bcem2
¢ CIBCCMLAC 1.1.0
[3) LHC.BCCM.B1.B
[3) LHC.BCCM.B2.B
G

¢ CJBCCMLAHC 1.1.0
[Bi7sT.BCCM.BL

Kl Il [ (D]

[T

ycle Selection

P

FE:

g
s

roperty Selection (dbl-clk = new)
e Diagnostics

® InterlockAcquisition
® PostMortemData

e RawData
SummaryAcquisition
TurnByTurnData
Alarm
DorosCommand
ExpertCommand
ManualTrigger
Prepare
ExpertDumplLevels
ExpertSetting
Setting

Class BCCMLHC
Version 1.1.0

C BCCMLHC_DU. cfv-uad3-bcecm3

i

Navigation Context

Navigation Tool 2019-LN4-BASELINE(v3.4.0) [ X

Query

LHC.BCCM.B1.A LHC.BCCM.B2.A LHC.BCCM.B1.B LHC.BCCM.B2.B LHC.BCCM.B1.C LHC.BCCM.B2.C LHC.BCCM.B1.C LHC.BCCM.B1.C LHC.BCCM.B1.C LHC.BCCM.B1.C

PostMortemData PostMortemData PostMortemData PostMortemData PostMortemData PostMortemData summaryAcquisition ExpertSetting ExpertDumpLevels ExpertCommand

Property Value (204 b)- Wed May 29 10:24:03 CEST 2024

Context: acqstamp: 2024/05/29 10:01:46,259000000+0200

i ] beamEnergy float 6799.32 ]

i [] beamEnergyFlag enum RANGE_B -

ili [ ] beaminfo bool false -

i 1 beamPresFlag bool true ¥

i [] dintDumpwl double 3580.038160729981 I

i [] dintDumpw2 double 3580.0975819458013

] dintDumpW3 double 3580.16695244140865

] [] dintDumpwa double 3580.11744619751 |

ih [] dintDumpws double 3580.121014215088

i [] dintDumpWwe double 3580.05984329834

ili [] dtBeaminfo int3z_t o

ih [] dtDumpFlagwl int32_t 3

il [] dtDumpFlagw2 int32 t 3

i [] dtDumpFlagw3 int32_t 3

#h [] dtDumpFlagwa int32. t 3

i [] dtDumpFlagws int32 t 3

i [] dtDumpFlagWs int32.t 3

ili [] dtPostMortem int32 t 13 =

Viewers Srch

[lallfviewers- [~|[]Global tab

Get | | Get next Published

ax

2D view on LHC.BCCM.B1.

int1T {#traces=1

|int1T [29/05/24 10:24:03]
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[Fri Apr 26 12:17:26 CEST 2024 ::

3.

REAC Access Denied > REAC Exception: Access Rules Map: Authorization access denied because token was not provided, Transaction: [BCCMLHC: get on LHC.BCCH.ELA/PostMortemDatalToken [no tokenIRDA Info [clientHost=tcps/i cwe 513 vol715.cem.

| history

= m = 6 o =
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BCCM bandwidth

LHC BCCM

BPM "
input HP

—— "BPM compensation" LP
— system BW LP

——— whole system

M type BPMYA/B, 61 mm, 16 pF

|
03 |
©
>
L 0.1
= "
= i
= [
99]
o 003 F
2 :
i
=
& 001
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Frequency [MHz]|
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BCCM (- dl/dt) polarity convention

positive dl/dt signals
negative dl/dt signals

Tell p+

beam loss
beam gain (injections)

dl/dt positive = intensity decrease

dl/dt negative = intensity increase
(here beam injections)

beam intensity

(here a beam dump)

O
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25 ns data: BCCM vs FBCT

one turn of BCCM data with full machine

i

one turn of FBCT data with full machine
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Dump threshold levels

Window [turn]

<0.5
>0.5

Energy [TeV]

Window [turn]

<0.5
> 0.5

Energy [TeV]

1
0.5

1

0.5

16

6
3

Losses [lell]

16

1
0.5

64

3

64

1

0.5

Relative losses [%o]

225

225

1
0.8

1125

10
10

1125

1.7
1.7

(FS = 6e14)
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BCCM (dl/dt) system

shared BPMs: NRLP — RFA

2 V
system A: BPMYA.5R4.B1+B2 / \BP M
system B: BPMYA.6R4.B1+B2 -\')-—> NRLP = RFA

T l

NRLP (= RFA |—= A A

NRLP || RFA ED : ALP ADC 1 FPGA BIS

NRLP — Non-Reflective Low-Pass (= 80 MHz)
RFA — RF Amplifier N

V Al Y
ED — Envelope Detector “ ‘ k TRUE
ALP — Active Low-Pass (= 2 MHz) [ { ‘ FALSE

The system is based on BPM signals shared with the LHC beam position measurement system (passive RF splitters)
The beam position dependence is removed by summing the four electrode signals
Analog operations on the signals: low-pass filtering, amplification, envelope detection + rectification + level shifting, low pass filtering

Digitization: 16-bit, 40 MHz sampling synchronous to the circulating beam (one revolution period is exactly 3564 ADC clocks).
The 40 MHz ADC B1 and B2 clocks are derived from the 400 MHz RF frequencies received by optical fibers from the RF system.

2000000

oooooooooooo

One turn “raw intensity” is a sum of ADC samples above a “beam presence threshold” minus “no beam offset”, selected from one turn 3564 samples

One turn “raw dl/dt signal” is a difference of the one turn raw integrals from two consecutive turns

“‘Raw dlI/dt signals” in the five other integration windows are calculated as running sums of the one-turn “raw dl/dt signals”

Every turn each of the “raw dlI/dt signals” are compared to its corresponding raw dump threshold level and potential beam dump triggers are generated.

All real-time calculations are done in the FPGA in an integer arithmetic.

The BCCM absolute intensities in elementary charges are calculated by scaling the “raw intensities” using a “BCCM/BCT scaling factor”.
The factor is a constant for each system and is obtained by matching the beam intensity evaluated by the BCCM to the corresponding BCT readings.

The absolute dump thresholds in elementary charges are translated into “raw dump thresholds” using the same “BCCM/BCT scaling factor”.

O
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