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Calorimeter Description
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* 3cryostats. central (CC) + 2 end caps (EC)

® 3 sections. EM + HAD + CH

* Plate geometry

2.3 mm LAr gaps + 4.6 mm G10 electrodes’
* 1.6 kV; ~450 nsdrift time

* Coverage: |h|<4.2

® Granularity: Dh x D} =0.1x0.1

0.05 x 0.05 at shower max

# of X/l o Absorber
CCEM | 2+2+7+10 U 3mm
CCFH | 1.3+1+09 U 6mm
CCCH | 3 Cu 46.5 mm
ECEM | 0.3+3+8+9 Fe 1.4mm+ U4 mm
ECFH 13+12+12+12 | U 6mm
ECCH | 3+3+3 Fe 46.5mm
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Run |: very successful operation
® Energy resolution (W mass paper)

® e central se/E=13%/CE + 1.5% + 0.4GeV/E
endcaps s /E=16%/CE
had s./E=80%/CE + 4% + 15GeV/E

® | essthan 50 dead channedls out of 55000

Run Il upgrade: 3.5 s between crossings ? 396 ns
® Replace front end electronics and cables
® Keep cabling, crates (power supplies) and ADC cards
® Replace calibration system, timing and control system



Electronics Description
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Detector signal ¢
o

Signal from preamp

amplitude

_Detector

¢

Detector signal ~ 450 nslong
Charge preamplifiers

BLS boards

® Short shaping ~2/3 of signal integrated
® Signal sampled and stored every 132 nsin
analog buffers waiting for L1

¢ Samplesretrieved on L1 accept and baseline
subtraction (BLS) to remove pile up and low
frequency noise
® Signd retrieved after L2

Digitized

Trig. sum

_2 SCA

Preamp
: —L )
———+

L1 SCA
Filter/
Shaper

— BLS>7

ﬂ

ADC

BLS board
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Charge preamplifier smilar to Run |

Hybrid on ceramic
Dual front end FET (noise/v2)

Compensation for detector capaci tancFeET:
® 0.25-4nF? 14 different species | =

up to 48 channels per board
l.e. 4towers (Dh x D =0.2x0.2)
1152 boards

- Very reliable system (inside iron, ~ 1 day
access timel)
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48 channelsfrom Dh x D} =0.2 % 0.2
I.e. 1 trigger tower

® Trigger summers + drivers

® Shapers

® L1andL2anaog memories (SCA)

® Basdline subtraction

A

4 daughter cards (Dh x D} =0.1x 0.1)

® 2 gains x8 and x1 (12—hit ADC, T HM
15-bit dynamic range) N :M; fil 7
Hmi'r:n

® Analog memories not f'.. galgh |
simultaneously read—write

N i fﬁiFﬂﬂi AngEn.
|'b "

In the collision hall, short access time (~ 1 hour)
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Designed by LNBL, FNAL, SUNY Stony Brook

12 channels x 48 cells degp memories

Allow ~ 6 nsfor L1 decision time (4.2 ng)

Read time 2.5 ns
No dead time @ 10 kHz L1 trigger rate

L ulhialinicilo

2.5 cm

On-board properties o araly badf . ae 8
i + 3% **tﬁjﬂ& ot =
® pedestd disperson0.6 ADC  + 7 %, g 0 RS
count rms; acts as coherent noise . *. 5, E: == 3
® non linearity at low ADC values & ™ i
(software corrected)
Tam
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144 ADC cards (12 crates x 12 cards) from Run |

Each card houses 24 successive approximation digitizers (2.5 ng)
Each digitizer services 16 sequential frames
® pedestal subtraction (optional)

® settable zero suppression ? only ~ 5000 cellsread out @ 1.5 s
Timing and Control Cards

- Recelves accelerator, clock and trigger signals

- Didgtributes those to BLS and ADC boards

- Kegpstrack of where relevant data are sitting in SCAs
- Generates busy S gnaIS Timing and Control Trigger
" Driven by codein FPGAs Controler —+  system

l

12 Timing and Control

Cards
I to L3

ADC ——




Pedestals — Noise
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Electronics contribution (except preAmps) <1 ADC count
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from SCAs beow 1 ADC count

DA had to be grounded for safety reasons

® designed to have a single point grounding

® was OK for Run | and then forgotten by many of the community
and some day, ...

Dozen of contacts of DAE
and with “ground”

Ground repaired + some
temperature monitoring
cables disconnected

Gone (for ever?)
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Pedestal run taken in between stores (every ~ 30 hours)
Mean values and rms computed in L3 filters (data not written to tape)
10* events @ 20 Hz, altogether ~ 15

|||||

0.1 ADC count |sszs

? 2 months ?

Excellent long term stability "¢ oy o .., . .
Tool able to find channels drifting by <1 ADC count/month

h9216

Entries 10721

Mean 0.7692

RMS 3.178

¥* I ndf 41.7/12

1 1 : po 1424+ 17.77

No pedestal shift in physics $

2.934+0.02511

No change in noise e




Calibration
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- Similar to ATLAS system
® 1 mH inductance loaded by a DC current
® opening a switch diverts current to ground

® Inductance produces exponential calrbratron current through
precision injection resistors E

® but charge injected at preamp input

12 pulsers

® 6x16 DC currents; asingle 18-bit DAC controls mtensrtres (u
pulse height); individually enable; better than 0.2% linearity

® 6 command lines each with a programmable 8-bit delay (0400 ns
(L pulse start)
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Measured by varying the delay

Reflection on detector capacitance
due to injection close to preAmps

® most pronounced for high
capacitance cells (HAD)

® gtill visiblein EM channels

Needs to be taken into account
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Using a Time Domain Reflectometer

|box 0; board 0; tower 2; depth 4; type 4

® send asguare pulse
® measure reflected signal

® complicated fit yields
* detector capacitance
e Strip capacitance and inductance
e various cable lengths
o skin effect parameter

55,000 channels measured and
parameters extracted
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Individual channel properties before preAmp known
Cables, detector capacitance, etc. known
? Predicted input pulse to preamps

red line = preAmp input
black line = shaper output

EM channel
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In calibration mode, from
® predicted input signal to preamp (channel per channel)
® measured output signal from BLS
? compute numerically transfer function H (preamp + shaper)

In physics mode, from
® predicted physics input signal to preamp
® transfer function H
? predict channel to channel variation in pulse height

Cdlibration = correction for those variations

Long way to go!



Other Pieces
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Limited coverage of region 1.1<h|<1.4
|CD detector similar to Run |
® Scintillator + WLSfiber + clear fibers
® Reuse of R647 Hamamatsu PM T’ s(low B)
® 2x16 modules (384 channels)
® Electronics adapted from calorimeter
® Same RO
® Same electronics calibration system as
® calorimeter

® PMT calibration with cosmicson test
stand + LED pulsersfor monitoring

Massless gaps in CC and EC
ICD
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2 teslas Solenoid in Run [l (60 cm radius)
Energy loss backed by a2 X, preshower
Scintillating fibers + lead CP§ Ve =
WLS readout + ~10 m clear fibers
VLPCs+ 8-hit ADC
Central (h|<1.3, CPS)
® 7680 channels
® 3layers (axid, u, v)
End caps (1.5<|h[<2.5, FPS)
® 4layers(u, V) + lead _
® 15000 channels o

CC CEYOSTAT WALLS

CENTRAL
CALORIMETER (CC) \_—

SOLENOID
MAGNET (2 T)

CFT

SMT

Effort yet concentrated on (o]

Pipe)

track matching and g/p° rejection
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Granularity 0.2x0.2 downto |h|=3.2

Analog signal pickup in BLS boards

Sums of em and had sections separately

Converted to E;

Flash digitized @132 ns; 8 bit precision.

Pedestal and gain compensation

Excellent comparison with “precision” readout
® Alternative route to check data

\ Calorimeter Trigger EM vs. Offline EM (in GeV) | EM vs EMC

Nent = 27096 3r Mean x 1
. Meanx = 9.22 » Meany
60— Meany - 10.46 N AMS x
- RMS x = 5.402 25— RMS y
r | RMSy = 562 C
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Some Results
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Benchmark isZ peak. Also JY and U = R(J e

140 —

available to compute in beam resolution .,

(see Sophie Trincaz — Duvois' stalk) i Z s fea
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o
fﬁ_

High mass pairs

iEM Mass Spectrum | D@ Run Preliminary M, (GeV

evenis/1U GeV

100 200 300 400 500 600 700 800 BDD
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Missing = quality very sensitiveto any E; Distribution of Electrons

calorimeter problem (*hot cells’)
Resolution dominated by jet resolution

Bench mark: W mass ?

Underlying event ?
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Resolution measured from g/p°— et events

Wl J

(see Sacha Kupco' stalk)

Response uniformity

DataiMonteCarlo Response/Ft
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Mechanical design and building of 1980’s

But almost entirely new electronics build for high luminosity
® no test beam debugging
Commissioning not ended by the time good beam was delivered
® no long time of cosmic run debugging asin Run |
Debugging with beam is very difficult!

Still many detector studies in progress to get ultimate information out
of the data

Data quality (see next talk, Slava Shary, LAL, Orsay)



