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Introduction (1)

The DCCT measure the mean current of the circulating beam
(number of charges per revolution period) {

Design and construction are made at CERN,
principle derived from the flux gate é: DC part

magnetometer e
*2 modulated cores for the DC response g
*1 core for the AC response (extend the BW E: AC part ouT
from 10 Hz to 50 kHz) (10 1z to 50 012) >
*Feedback current generated to cancel the | FEEDBACK
magnetic field induced by the beam current Y| BEAM

(very) simplified DCCT block diagram I

The DCCTs are the reference for the cross calibration

with Fast BCTs used to calibrated the experiment detectors
(luminosity measurement)

4 DCCT (2 per beam) are installed in LHC point 4

emonitors and front end electronics in RA47
*back end electronics and DSC in SX4
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Introduction (2

= Magnetic shielding
‘ DCCTA_B1&B_B1

Fill: 2310 E: 450 Z GeV 21-11-2011 11:22:10

ION PHYSICS: INJECTION PROBE BEAM
0.00e+00”" TaN] 6.91e+09 0.00e+50 Y 7.36e+09

FBCT Intensity and Beam Energy

down: 8.53
down: 8.89

Updated: 11:22:09

Intensity

Comments 21-11-2011 08:45:10:

BIS status and SMP flags
cryo Recovered

Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: alternating R1 R2 pilot PM Status B1 PM Status B2
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From the commissioning to mid-2010

The DCCTs performed well since the commissioning and fulfilled
the specs for low intensity beams

LHC BCT

DC-lifetime B1: 2.83e-01 s DC-lifetime B2: 1.20e-01 s 12-09-2008 02:17:11

Updated: 02:17:11

4E9

2E9

DED

-2E9

-4E9

T T T T T T T T
00:30 0045 01:00 01:15 01:30 01:45 0200 0215

=e— BCT Ring 2

First beams on December 2009, probe and pilot beams in ring 2

But some issues appeared mid 2010 with new beam parameters
(bunch intensity increase from 2E10 to 1.3E11 charges/bunch and new filling pattern
from a few bunches to 600 bunches) appealed for improvements....
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Issues in 2010

* Incomplete saturation of the highest sensitivity ranges

Cause: a strong AC component superimposed to the DC signal prevented the
foreseen saturation to be reached, consequently the automatic range selection
by SW was distorted

Cures:
* lowering the range threshold
 filtering the range amplifiers

« Offset reduction not sufficient after the Digital Offset Suppressor
Cure:

the HW offset suppression (integration time 80ms) has been complemented
by a SW solution consisting of offset acquisition (triggered by the sequencer)
and averaging over 60 s before subtraction

* Filling pattern dependence
More tricky to understand and to solve...
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Filling pattern dependence (1)

Beam 1 (31.10.2010)
1.1 E11 protons/bunch; total 108 bunches/beam (9 x 12 b)

1.2E+13
|
1.0E+13 l
DCCT erronous
g seUBss measurement \ —~—
o
S 6.0E+12 L
< X V—-I ¥~ FBCT following
£ 4.0E+12 - well each injection
2.0E+12
0.0E+00 | | | ! |
- = cn ) oo —_— -t — =)
T N (. N L o o 2. <
e — e o (] (e = o o
time [h:m] —DCCT —FBCT

Over or under estimated measurement according to the filling pattern
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Filling pattern dependence (2)

Tools to analyze the source of the anomaly

e SW simulation
— Matlab/Simulink model (thanks to Steve Smith)
— Spice

* Measurement on the test bench

Simulation of
the beam _I —
(fl”lng i i .89.us (1turn period) __’ : :.T
—
percentage)
Signal
within the
AC loop
ht:i—91..2us T N i N RN ":5'9‘-.2”5 ‘."t:"’.- T SHE . 160y

Positive or negative saturation depending on the filling percentage!
Explains the over or under estimated measurement
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Filling pattern dependence (3)

Cause #1 of the excessive amplitudes observed within the AC Loop:
RF bypass not effective enough

LF lmage The RF bypass is a low pass filter for
the magnetic field induced by the
beam and seen by the DCCT.

RZ'::"’E'ZS It avoids non linear behavior of the
M | i LF amplifiers in presence of HF
Mﬁ_ /\+ /\ff - - looam i i
Ceramic \_/ U
gap
General principle:
RF bypass fc < DCCT feedback fc
DCCT

Many attempts made in 2010 to improve its efficiency before understanding the

importance of the vacuum pipe grounding (explains why the DCCT behaved differently in
the machine than on the bench test)
Modifications:

increase the value of the bypass capacitor and suppression of the damping resistor
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Filling pattern dependence

Cause #2 of the excessive amplitudes observed within the AC Loop:
the AC loop itself

* |Inappropriate gain partition in the AC loop (responsible for the generation
of the HF feedback current)

e BW not sufficient

 Op amp limitations (current, voltage swing, slew-rate) induce non
linearity before saturation

+ monitoring points BW (available in surface) not sufficient to discover the
saturation of the AC loop located in the front end electronics

Modifications made beginning of 2011:

* Change of the AC loop gain partition before and after the dominant
pole (compensation for loops stability)

e Use of higher speed op amp in the AC loop
* Increase the BW of the monitoring points available from the surface
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# charges ~ bunch

batch mean current \

The important parameter for the 1 bunch/\

DCCT is the mean batch current

bunch spacing (N x 25 ns)

1 bgtch ,,,,,
. Ncharges /bunch Xe 5
]m.ean_batch - T . |
bunch_spacing
with e = eiementary Charge i  batch lenght (N__ bunch x bunch spacing)

1 turn (B8.9Us)

After the modifications different I -
filling patterns were measured on mean bach [MA]
the test bench

\ Tbunch spacing [HS]
beam Ndmges,bun&‘I 25 | 50 | 75 | 150 | 300

_ lead ion min 5.60E+08 36 [ 1.8 | 12 [ 06 | 03
beam expected in 2011/12)

i lead i 5.60E+0 359 | 179 | 120 | 60 | 30
Red: still to be tested (current set- ead Tontmax 9
up is not powerful enough to protonnominal | LISE+11 | 736.9 | 368.5 | 245.6 | 1228 | 614

Green: successfully tested (OK for

P.Odier Blday 24.112011 11/18



number o f protons
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Beam1 (11.4.2011)
1.2 E11 protons/bunch; 50 ns bunch spacing;
total 1020 bunches/beam (12b+ 14 x 72b)
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Scrubbing run in April 2011
(368 mA average current per
batch)

Very good agreement
Delta DCCT / FBCT <
+0.5 %(FBCT previously
cross-calibrated with the
DCCT)

Confirmation of the good
results obtained in
laboratory!

With these conditions the
voltage swing within the AC
loop < 30% of the dynamic
range

@

— comfortable
margin for the
beams expected in
2011/12
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Precise calibration

The DCCTs have been precisely calibrated at each TS in 2011
The stability of the calibration is excellent

better than £0.05 % on range 1, 2 and 3

better than £0.25 % on range 4

Range 1 Range 2 Range 3 Range 4
T k| T T
Example DCCT A beam 1: — — Awverage — — Awverage — — Awverage — — Awverage
+0.05 % +0.05 % +0.05 % +0.25 %
1 Scale rl a4  Scale r2 HH  Scale r3 M  Scale r4
Precise 1 min old source ted old source H=H  old source = old source
2011/09/01 [ : 11 * 11 Y 11 - h
Precise 1 min I | | |
2011/07/04 | "’:’ 11 o 11 - 11 e ]
Precise 1 min ! | | |
2011/05/12 | * 170 “ 1T = 170 a }
| | | 1
Precise 1 min | 1
2011/03/29 | *, 10 * 1r ® 11 | ® ]
| | | 1
Precise 1 min | I
2011/02/15 [ + 171 * 1T . 171 4 7
| | | 1
Surface 1 min
2011/02/16 | P‘ 11 Ib 171 'f" 1] I ]
T T T T
Long term 24 h| 1 L 1 L | 1 L B
2011/02/10 * + i i
| | | 1
Long term 24 h| 1L | L 1L \ |
2011/02/06 > - - Lo
- - - | | | 1
Linearity 1 min
2011/02/11 | . 17T - 1T - 17T r b
Linearity 5 min | ; 1 L : 1 L : 1 L . B
2011/02/04 - - - T
Calibration 2 min : : ; :
2011/02/11 | . 110 * 110 - 110 1® b
Calibration 2 min ! y ! !
2011/02/04 | - 170 ® 1T - 170 « }
2.4848 2.471 2.4902 2.4888
=101t =100 =10° =108

DCCT scale factor (Charges/ADC bin)
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New 24 bit ADC

Short specs FRONT END (LSS4) BACKEND (SX4) e
Number of bits: 24 |
Effective number of bits: 20 P | gy
Sampling rate: 50 Samples/s Q — L5 > fuer |k 1@

| ELECTRONICS H—mo ) or : i ADC !
Implementation (S.Thoulet) b | 50TH
*ADC on a board located in the 1000 e s clock
FRONT END (~5 m apart the "g‘
mon |t0 r) Analog signals : :

LPF 24 bit {'\ ! Asynchronous :
*Digital serial link ’ ] e g ;
*Asynchronous FIFO on a VME son [k o o
board located in SX4 | e
Advantages S ————
*Resolution significantly improved
(obvious at high intensity) Status Still to do
*One single range to cover the *System B (DCCT B_Beam 1 eComparison systems A and B
whole dynamic (make simpler the and B_beam 2) equipped in *Studies:
calibration, no range selection) August 2011 *ADC linearity -
eImprove the S/N, avoid the A new FESA class created, *Long term offs?t variation
transmission of the analog signal data logged in TIMBER .Lo.n'ci.term Scaling factor
over 450m *System A equipped in variation
November 2011
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New 24 bit ADC - Result with beam

ITimeseries Chart between 2011-09-28 02:58:43.829 and 20110928 11:58:43.829 (LOCAL_TIME)
o AR 1 ENS A AM_INTENSIT

—— LHC.BCTRC

*12 bit ADC, range 1:
1.7 E14 charges 1 bin = 2.44 E11

Beam 1 *24 bit ADC:
DCCTA 12 bit  1bin=6E7

*DCCT B 24bit

1E12 W, 12 bit ADC
0.6 %) Beam2 e AL,

*DCCT A 12 bit

*DCCT B 24 bit

1 hour
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Conclusions and outlook

A lot a work done to improve, calibrate and characterize the DCCT
and ... the results are there!

No more filling pattern dependant but still to be tested on the test
bench with the equivalent of 25ns spaced bunch.

Different things we have learnt (bypass, AC loop, monitoring BW)
can be applied on the injectors even though the revolution
frequencies are much higher.

The first results obtained with the 24 bit ADC are excellent, still
some studies needed (linearity, long term offset and scaling factor
variation).

The HW developed for LHC (new electronics, 24 bit ADC) will be use,
with some adaptation, for the injectors consolidation.
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Thanks for your attention

...lime for questions...
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DCCT BLOCK DIAGRAM
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