Upgrade of the CMS hadron outer
calorimeter with SIPM’s
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* The photo-sensors of the CMS outer hadronic
calorimeter (HO) have had problems since their initial
cosmic running with the full magnetic field.

* Because of these problems CMS has embarked on an
effort to develop a “drop-in” replacement for the HPD
sensors with SiPM sensors.

* This will bring the HO up to and exceed design
sensitivity.

* This represents the first large scale application of SiPM
sensors to accelerator based high energy physics.
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CMS calorimeters
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HBO Module(Tray) , 4 S Sa

AIT I 7 calorimeter.
o correct missing E. and jets
particularly in Ring O.

> Could be used to identify
muons as well.
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CMS

* The fibers from a single
projective tower of scintillator are
routed using an optical decoder
(ODU) and then illuminate a pixel
of an HPD.

* The HPD signal is amplified and
digitized using a charge-
integrating ADC ASIC.

 Data is transmitted off the
detector via optical fiber.

Si' Pixels; insulatoy
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* While the HPD works well ¢ SiPM advantages

in high magnetic field > insensitive to magnetic fields
barrel, it is too sensitive for > better signal to noise
consistent, reliable - eliminate 8kV HV supplies
operation in the less well and maintenance

determined fields of the
return yoke.

* This lead to an effort to
develop a “drop-in”
replacement based on SiPM

Sensors.
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* A SiPM consists of an array o 9005 =
of tiny APD pixels, operating 2 0 :
in Geiger mode with common 5 wE I :
o 500F 3
readout. oo0F E
* The pixels “count” photons. e 3
> signal oc X cells fired 00 || J E
OEl e L o I I A N

350

* The Sensor saturates as more 0 S0 T0 0200 250 w0 U
photons hit more pixels. s 'F T
« A hit pixel takes some time to Zoo, -
o, o o 3 F ]
recover to full sensitivity. & ]
o . o =t =
* Additionally 5 1
° temperature sensitivity
o radiation hardness = A 3
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* Using Hamamatsu 3mm x 3mm, 50 pm pitch,
MPPC, we can mimic the layout of the HPD.

* These are coupled to the existing optical decoders
and read out using the same ADC.

3x3 mm SiPM
Sensors _ =y Peltier
’ ' o cooler

| Alignment
holes

Connectors to
Control board

4 L Thermal
~fa breaks Lt
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* Provides individual bias voltage to
each sensor.

* Measurement of leakage current.

, : , SiPM board
 Signal attenuation and shaping b
* Peltier temperature controls.
Control Board Parameter Hamamatsu
3x3 mm 3 2 2
Maximum DAC set BV 100 V e o T
BV resolution 25 mV 2 i ' SEE !
BV current limit (per diode) 100 uA
Maximum measurable leakage current 40 uA
Leakage current resolution 10 nA
Diode grounding resistor 4.99 kOhm _ ADC cards ‘
Temperature resolution 0.018 C I . ’
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e The two board stack is assembled and inserted as a
replacement for the HPD.

> A copper strap carries heat from the Peltier element to
the water cooled sidewalls of the enclosure.

- Bias voltage, Peltier voltage and other settings are
controlled via I°C.

Control Board

o - .
Cooling strap is Sili £ . d = —
compressed ilicone foam compression pa | | § T;
between the )
Cookie holder, £
and side wall Standoff — Thermal pad over R-C components | E
| 1
| PCB
SiPMs % L

. . Aluminum
Delrin cookie holder
/ (Matrix for the optical fiber bundles)
s s
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o o . Shutdown

2011 2012 2013 2014
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CMS: FPIX fixes, PLT,'tracker humidity

Extended to open Short, 2 weeks controls, new beam pipe, HF PMT, HO SIPM

endcaps LHC: Collimator upgrade, Fix Splices,
possible Linac4

* CMS made an initial installation during the spring of
2009, replacing ~10% of the HO HPD'’s.

e This initial trial has been successful, and CMS is
preparing to replace all of the HO HPD’s during the
next long LHC shutdown, foreseen in 2013.
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* Control voltage on Peltier element and read back
temperature.
o Under-temperature limit at 16° C.

> Feed-back possible to maintain a set temperature.
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* Because the ADC was
specified for the HPD with
an order of magnitude less
gain, signals from the SiPM
are coupled to the ADC via
a 22 pF capacitor, reducing
the gain by a factor of 16.

* Also decouples the large
SiPM capacitance from the

low input impedance of the
ADC.

{Ei-1(R18)
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* Using data from test beams and MIP in HPD j
from our initial trial installation, ]
we can verify operational
performance. o
> Muons in collision data and test :35
beams to see the improved signal to
noise. 500 -

MIP in SiPM |

> Pions in test beams to look at “jet” -
reconstruction. 00|

> Also used to tune MC routines to 200]
simulate the detector performance. oof

. H‘SHH&S‘ f4
Energy (GeV)
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| 500 GeV Jets with and without HO | H1
Entries 25000
- | | | | | | "] Mean 459.9
B RMS 32.61
103 | Underflow 0
; Overflow 0
E Integral  2.5e+04
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* We can see the improvement in cleaning up the low tails of hadronic

jets.

 This is particularly important for ring 0 where the barrel calorimeter is
its thinnest.
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* Our arrangement allows us * We have tested correcting
to illuminate roughly 2500 saturation effects and
of the 3600 pixels per believe we could do it to
Sensor.

o Ring 1is ~12 p.e./MIP =>
full dynamic range of 200
MIPS.

> Ring 0 has ~20 p.e./MIP.

 This assumes no saturation
of course.

fractional error on saturation correction

10 10° 1072
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* CMS has developed a replacement photo transducer for
its outer hadronic calorimeter based on SiPM sensor
technology.

* We have been able to successfully develop a sensor
package that can functionally replace the HPD sensors
and exceed their performance.

* We have been able to show from test installations, beam
and bench tests that the new sensors will exceed the
requirements of the HO system.

* The full system is under construction and is scheduled
to be installed during the LHC shutdown of 2013.

10 June 2011 J. Anderson - TIPP 2011



