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Power Requirements and
Developments for Calorimeters



Power System Design for Calorimetry

Common concerns for power system design:
B-field and radiation tolerance
Distribution architecture
Redundancy
Behavior during a power cut
Reliability and access
Cooling
etc ..

ATLAS & CMS calorimeter power systems:

Very different realizations of LV systems
Architecture is remarkably similar



ATLAS Calorimetry

Finger LVPS

Tile Calorimeter Wedge
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CMS Calorimetry

SILICON TRACKER
Pixels (100 x 150 um?) BRIL
~im2  ~B66M channels Luminosity Telescope: ~200k Si pixels (100 x 150 um?)
Microstrips (80-180um) Beam Monitors: 80 diamond sensors, 40 quartz counters
BRl L ~200m? ~9.6M channels
Pixels — e
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
ECAL ~76k scintillating PbWO, crystals
HCAL
Solenoid
Steel Yoke PRESHOWER
ilicon strips (6cm x 2mm)
Muons ~16m? ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil m—
carrying ~18000 A FORWARD
CALORIMETER
Steel + quartz fibres
) HADRON CALORIMETER (HCAL) o2k channéls
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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CMS ECAL

EB Power EB Power EB Power EB Power
Upgrade Upgrade Alt.
Biphase 230 V Biphase 230 V 3 - Phase 380 V Biphase 230 V
CMS ECAL
TO BE REPLACED
60K Channels BY HGCAL IN LS3
~ 300 KW ~10m ~10m
&
UscC DI TENTATIVE
DI PROPOSAL, DI
OPFC OPFC UNDER OPFC
J, x 108 J, x 84 INVESTIGATION J, x 28
S 2 ~ 80-100m l l ~ 80-100m l l ~ 80-100m ~ 80-100m l l
385 VDC 385 VDC 385 VDC
[ [ v [
] ] [ ]
] ] | ]
MARATON MARATON MARATON
x 108 x 108 x 28
~15-30m ~ 20-35m ~15-30m
~15-30m | ____. ~8yDC | ee--- ~1vDC | ce--- ~12vDC | e---- ~ 8V DC
50 mmA2 17 pairs / SM 17 pairs / SM 17 pairs / SM 160 pairs
v
50 mmA2 50 mmA2 50 mmA2

EB SM
LHC 4913 LDOs

EB SM
DC/DC POL

NEW FE Elec.

EB SM

NEW FE Elec.

DC/DC POL

EE Dees
LHC 4913 LDOs




ATLAS LAr Calorimeter

FEC Power
Upgrade

FEC Power

3 - Phase 380 V 3 - Phase 380 V

LAr Calorimeter

183K Channels
Water cooled Water cooled
USA15 MC New MCs
OCEM
J, x 58 J, X 58
S ~70m l l 4/ ~70m l l
280 VDC post-LS3 280 VDC
| [
| [
| [
UXC LVPS NEW LVPS
redundant 3 KW ea.
B-field x 58 x 58
01T
~tm | ----- ~ 8V DC ~1m 24 (48?) VDC
7 pairs / FEC 1 Voltage
v v v v

i

FEBS

4913/7913 H X8

FEBS
LTM4619?

Main technical
concern: coherent
noise from
multiple switching
supplies on single
ended front-end
electronics

New
Location?

Options A, B
3 KW ea.

Will not be
changed for
HL/LHC
running

HEC Power

3 - Phase 380 V

Water cooled

MC

OCEM

N J’ll x 58

280 VDC

LVPS
dual

3.1V

-1.5V

4

i

FEBS
913/7913

x28

~0.5 KW ea.



ATLAS

TileCal Power TileCal Power

Upgrade

3 - Phase 380 V 3 - Phase 380 V

Tile Calorimeter

10K Channels
~ 40 KW
No changes
to system
USA15 BULK f°resLeSez” for BULK
200 VvDC 200 VDC
J, X 64 J, X 64
A ~70m l 1 L -7 l l
200 VDC post-LS3 200 VDC
| | | |
| | | |
| | | |
| splitter1->4 |  splitter1->4
e T [ 1T
fLVPS fLVPS
x 256 X 256
=l =
x8 . x8
Bricks use
1 1 1 LT1681 PWM 1 1 1
controller

Multiple output voltages
Internal wedge cabling

10V output for ea. brick
POL switching regulators
on front-end boards
4 mini-drawers

Tile Calorimeter

Complete
replacement of
front-end and
power supply

electronics
foreseen for LS3

Technology for POL DC-
DC converters on front-end
electronics not finalized, but

baseline is to use
commercial controller since
TileCal is in a lower-
radiation environment



Summary ...

ATLAS & CMS power distribution architecture is quite similar, but
hardware is very different

ATLAS LAr: custom-made LV supplies, fit into detector gaps on the
calorimeter

ATLAS TileCal: custom-made LV supplies, fit into end of drawer at edge of
each calorimeter wedge

CMS ECAL & HCAL: commercial electronics mounted in racks on
periphery of detector

DC-DC converters on front-end electronics are a repeating theme
in upgrade plans

Access to DC-DC converters will be even more difficult than for current
LAr and TileCal LV supplies

Guaranteeing DC-DC converter reliability is essential for success of HL-
LHC data-taking



