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Calorimeter
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Had Barrel: HB
Had Endcaps:HE
Had Forward: HF
Had Outer: HO

C.M.S PARAMETERS

Longitudinal view — Field OFF
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Sampling calorimeter: brass (passive) & scintillator (dé:five)
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Spling calorimeter: brass (passive) & scin’rilla’ror (citfive)
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assembled &
Installed
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Total number of A, till the last sampling layer of HB s<8
HO: 2 scint. layers around first u layer (extend to~11 4, )

Test Beam 2002
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Optical Design for
Calorimeters

Optical cable

DT //
7 %

Tile

Optical Connector
Clear Fiber

| Inspecting Tile g
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CAL
REGIONAL
TRIGGER

FRONT-END
RBX
Readout

Box
(On detector)

Trigger
MINNES

Rack CPU

32 bits

Shield
\ Wall

!

12 HTRs per
Readout Crate,
2 DCC

16 bits
@ 80 MHz

Fibers at 1.6 Gb/s
3 QIE-channels per fiber




Diode Layout

Pixel Pixel Pixel
out out out

19 x 5.5mm
ybrid hoto 'iode photon transducer for HB, HE, HO.

Fiberoptic front window, conventional photocathode,
pixelated diode (19 channels/device). From DEP, Holland.
Need ~ 500 total.
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Custom ASICs

(6 / board)
Fermilab

CCA
(3 / board)
Fermilab
June 7, 2006

Low Voltage Regulator
(2 / board) CERN
Developed in rad hard process
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Gigabit Optical
Link [GOL]
(2 / board) CERN
Developed in
ad hard process
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CMS oC ontro
Monitoring

Optocoupler LV Regulator

ADG670
(7 total)

8-bit A/D

Devices Tested
Channel Control
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Challenges

= Must respond to positive and negative
inputs (HPDs and PMTs).

= High sensitivity inputs (1 fC/LSB for HPD)
= Wide dynamic range (MIP > 3 TeV [for

single time slice])
= Normal mode: 1 fC - 10 pC
= Very high sensitivity calibration mode (1/3

fC/LSB to track detector response shifts
from radioactive source (200 e).

= Calib Mode: Custom FADC with very low DNL
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QIE Flash ADC

—e— QIE error

— = det. res.

85%/SQRT(E)+5%

---A--- extra error




= Nominal HCAL pulse spread
over several 25ns buckets

= Fraction in buckeft is
tunable via clock phase
adjustment

= Need to recover “"event”
concept, associate energy
to a single crossing
(bucket) and report it to
the trigger

June 7, 2006

Pulse Height
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Choice of phase
relative to pulse
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Signal fraction in 1 timeslice
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Attenuation

Attenuation
due to
variation of

Response of a scintillator tile as the [ fiber Iengt_h
radioactive source passes by it. il S between tile

<< and HPD as
Source Plot ch=1 | p1 . ol :
Nt - 2000 Mlfunction of

Mean x = 6343

Meany - to24 - n (HB).

arb. units
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HCAL in Magnet

Test/Cosmic Challenge
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MTCC Goals

HCAL Specific

Magnet commissioning
and mapping (First
operation of the magnet)

Integration Plan Validation
(First closing of the
detector)

Sub-Detector technical
verification. Test Alignment
system. (First operation in
4T field)

Check entire detector-
electronics-DAQ-CPT chain

4
d
4

June 7, 2006




Scintillator brightening

e HPD pixel cross talk
due to electrons
backscatter
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response ratio

¢
gammas PHOTOCATHODE

i phe's A BACKSCATTERED
| ELECTRONS
1 B=0 .
m 150 GeV electrons N e 5.6mm flat to flat %
A 150 GeV pions
¢ C J
s v source ] QEX"O gﬁX'ﬁ E;';X12

L ALL OTHERS PIXELS OF THE S9905010 (19 PIX) ARE GROUNDED

2 2.5 3 3.5

B field strength (Tesla) TN PR

More light output in B-field. Electrons are trapped along B-field line.
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HCAL muons at
SX5 (no B-field

7, 2006




collected pulses - NORMALIZED TGO OME EVENT, pedestal subtractad Spigot#12 input 24

charge (fC)

-Muon (EMU) Triggered

Entries 8420

Mean 10.01

RMS 3.775
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12 14 16 18
Time slice

Events above 10 fC,
corrected for trigger jitter
(max time-sliced forced to ts=10)
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= Measure performance of real CMS calorimeter.
&2-3OOGeV) with real ECAL SuperModule and real
CAL readout

= System test of combined ECAL+HCAL system.

= Real-life input data for the development of
calorimeter software

= Calibrate radioactive source with beam (HCAL)
again to repeat TB2004.
= Study low energy beam data - improvements
m e/u/n/K/P separation - Cerenkov + TOF + uVeto + ...
m Cleaner beam (reduce/tag interactions in beam line)
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'a HCAL SX5 commissioning is almost done.
HB/HE/HF source calibration completed. A
calibration at the ~ 4% level exists for

(HB/HE) and 5-77% for HF.
= HCAL Trigger electronics burn-in/integration

nearin%\comple’rion in Building 186 staging

area. Move to USCH55 underground area 6/06.
= We need to exercise DB and DAQ systems.

= The MTCC will establish systematic shifts
measured separately on the bench to hold the
preliminary calibration.

m TB2006 must confront G4 incisively (see
Jordan Damgov's and Anwar Bhatti's talk).

=41GAL must perform a “calibration challenge”. =




