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Synchrotron Radiation Monitors @ LHC
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Synchrotron radiation is generated by the SC undulator up to proton
energies of ~ 1.5 TeV and by the D3 dipole for higher energies
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BSR System Schematic Layout
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Beam Synchrotron Radiation (BSR) Systems

-Hamamatsu R5916U-51 -10 Hz acquisition
Abort Gap Photomultiplier ~1e6 dynamic range (without
AGM population § -C5594-14 amplifier considering optical filters)
-100ns resolution (25ns possible)
-Proxitronic Nanocam HF4 S 25N NIR -50Hz Acquisition
(intensified) -gating down to 25ns
— BSRTS Transv_erse -max gate trigger rate 200 Hz
profile - single bunch, single turn
(every 55 turns)
-Camera Redlake HG-100K -Acquisition up to 100 kHz
Transverse -I.Dhotel.< MC_P125 intensifier (coupled -gating down to 3ns
BSRTF profile via optical fibers to camera)
-GM200-3 gate module - single bunch turn-per- turn
Longitudinal | -MPD Photodiode - 77ns dead time -90ps resolution
profile, (Beam 1) -1e5 dynamic range
> LDM satellite and § -idQuantique Photodiode - 46ns dead
ghost time (Beam 2)
bunches ¥ _agjlent TDC
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BSR Telescope

= Pictures showing only part of the optical path

LIGHT EXTRACTION WINDOW

1 FIRST MIRROR ON TELESCOPE

BELOW THE BEAM PIPE

-1 MIRRORS ON MOVABLE STAGE
1 “Trombone”

- VARIABLE OPTICAL PATH
LENGTH
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BSRTS -Effect of optical path length and color filter

Protons beam, injection and ramp to 3.5 TeV (="~ 2e10 p)
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Intensity per charge (equivalent AGM counts at 3200V)

AGM and BSRTS - Simulated vs Measured light intensity

Proton an Pb ions,
AGM meas. and Simulations
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At least a factor 1e4 difference between protons and ions at injection energy
Nevertheless: we managed to see light at injection with ions
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BSRT vs Wire Scanners

Wire Scanners (WS) are used as reference for transverse
profile meas. at the LHC,

= but can be used up to few 10**13 circulating protons
— then wire damage or quench of SC elements

BSRT calibration vs WS

= Calibration factors for each beam, for each plane, function of
energy

= From 300 to 900 um in quadrature on the measured
beam size
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BSRTS vs Wire Scanners (example)

Bunch per bunch meas lasted ~

10 minutes I:’
-17 WS meas per bunch

-15 BSRT acq. Per bunch

Beam 2 Vertical 450 GeV

CONCLUSION

12 ‘small’ emittance bunches

12 ‘large’ emittance bunches

WS — BSRT b-to-b agreement ~ 1%

Obtained during special MD period
(Bl experts optimization)
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BSRTS as used during LHC operation
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LHC improvement thanks to BSRTS meas.

Bunch per Bunch emittance @ fixed time - structure coming from Injectors
improved -> Emittance along trains much more uniform
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= 10 November 2010, 17 lon bunches at 450 GeV
= Likely first time in the world with heavy ions at such energy

BSRTS - Pb lons @ 450 GeV

VLC media player

File View Settings Audio Video Navigation Help

H n n

<¢

TV streamer (20 ms)

0:00:00 / 0:00: x1.00 "US45BSRT"

File Devices View Help
Traces
Horizontal
Vertical FEC Ver
V Cross cut
Cross cuts

4500

w“\ "

o N

3000

1500

o P
00 80 160 240 320 400

7 Position
Position history

400000000

7000000.00

0.00

7000000.00 Y
11:53 13:50 01:45 08:43 15:4022:36

7 Sigma
Sigma history

0000000.00

000000000 |-

0.00
11:53 18:50 01:46 08:43 15:4022:36

D Amplitude
D Motors
D Settings
P Beam

BSRT Beam

x= 25.76|[y= 12.90|[val= 190¢ Control

ey

Traces
Profile
Fit FEC fit
Horizontal profile
(25,72, 340000)

400000

350000

300000

2s0000__i ¢ Y
140 160 18.0 200 220 240260

Vertical profile

320000

250000

240000

200000

@y Update » Live ‘ & Clear

New BSRT Image @ 17:49:12

[7] camera Set window

| Lamp Reset window |
[] Auto [V] Accumulate
Gain [mV] 4600 |3
Mode DC 2|
Display
Average 1 U

Center cross ‘ Clear selection
Results of last fit
Amplitude Center  Sigma

Local Hor | 68797 20.01 127
FEC Hor 18668 19.82 110
Local Ver | 62318 1435 1.90
FEC Ver 21615 14.92 228
Gate
Switch oN 2|
Period 55 E\
Delay 715 }:\
Length 2 E\
Position feedback
Target Hor 0
Target Ver 0
[] Horizontal Set |

| Vertical Set |

BSRTM.B1
013 13
MIRROR 1H.B1
16143 13 @
MIRROR 1VB1
84.69 13 @
TS150.LASERBL
146.40 13 @
TS600.81
67.09 13
TS150.TROM.B1
148.80 13 @
SLT1B1
7.05 13
SLT.2.81
7.16 13 @
GEN.ATTBL
0=100% 13 @
COLORFILTER B1
0= Empty 13 @
CAMATTBL
0=100% 13 @
BSRAFILTER B1
0= 100% 12 @

3

* Accumulating over few seconds




BSRTS - Conclusions

= System commissioned and almost fully operational (not mentioned here:
all automatisms...)

= Bunch to bunch scans : not fully operational yet, available on demand to
experts, 2-5 sec per bunch enough to have low statistical error

= Relative accuracy : better than 5 %
= Absolute accuracy:
— better than 10% after cross calibration w.r.t. WS
— Stability of cal factors w.r.t. WS to be studied more

= Ultimate resolution : still to be studied in detalil
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LDM - System

= Photon counting with Geiger-mode Avalanche Photo-Diode (APD)

= |ntegration over many turns to build up profile

LHC turn clock
synchrotron \ Arrival time I

light TDC |— >

APD Electrical
pulse
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APD Counts

LDM — APD Response

= Laboratory measurement setup and calibration via pulsed laser
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LDM — After pulse correction

= |LHC Beam measurement

(a) Before correction (b) After correction
3 Main bunch
=,
o
< | Dead-time (77 ns)
8 \
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LDM — Measurement Example

= |Lead lons beam

= [ntegration time ~ 10min Satellites
Capture/splitting errors in the injectors

Bunch one SPS 200 MHz = 5 ns

i

Peak=129,000

Satellites Ghosts
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LDM is the only LHC system able to see all structures from RF, with enough
dynamic range and time resolution for monitoring satellites and ghosts
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LDM vs Fast Beam Current Transformers (FBCT)

= FBCT measure single bunch beam current (25ns slots)

= |LDM can be used to estimate the relative bunch intensity difference and compared to
FBCT
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LDM vs Beam Quality Monitor (BQM)

= BQM measures bunch length, but with poor dynamic range - can’t detect satellites
and ghosts
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Conclusions (LDM)

System is still in commissioning phase
Very promising results , already used during LHC special runs
— Allowed monitoring and correcting capture/splitting errors

Low and high level operational software under development
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Slow camera image in pixels
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LDM — LHC OP logbook
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Satellites are still there, PS had however adjusted splitting for lasitigjnocfszgf””s-‘
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BSR Telescope layout
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BSRT - WS
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BSRTS - Proton Image Example

Single bunch ~1.1e11p @ 3.5 TeV

Accumulated over 4 turns separated
of 55 turns (200 Hz trigger rate limit
on image intensifier)

Digitalized Image

Horizontal profile
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Redlake camera

System designed for
bunch-per-bunch,
turn-per-turn

Commissioning on
going

Real intensification via
optical fiber coupling
to be investigated
with beam

BSRTFast
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Intensifier gain 3500mV
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att NO FILTER
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BSRTS -Effect of optical path length and color filter

29-03-10, protons, ramp to 3.5TeV
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Here: sigma measured by BSRT corrected (in quadrature) with a constant factor at 450 GeV and
3.5 TeV
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