CALORIMETRY AT D@

with the French

Calorimeter hardware and software
contributions for Run I

What it needs to get the thing running. ..
Highlights and break-troughs

Certainly a biased selection — sorry!

Thanks for help and contributions!

U. Bassler 13/10/2008 DO-France-Fest



First you need:

— a nice calorimeter!

| 55000 channels Uranium/liquid Argon

Fine segmentation:
5000 readout towers (AnxAe = .1 x.1)
g 1200 trigger towers (AnxAp = .2 X .2)
4 em layers (2, 2, 7, 10 XO0),

“shower-max” (EM3): .05 x .05
4/5 hadronic layers (FH + CH)

Hermetic with full coverage
Inl < 4.2 (6 = 20), Aint > 7.2 (total)

To get it read out:
PA 55k dual FET PreAmps
Al 23k Switch Capacitor Arrays (SCA) with
A ¥4 8M storage cells on
¥ 1200 Base Line Subtraction (BLS)-boards
o ,r’r"j @ crate controllers with timing jumpers, ADC
o j7Z0 8 cards, timing and control cards...




Then you need:
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Liquid Argon purity

a 21Am 5.5 MeV 430y = Tl

LAr stocked in a dewar for 5 years (~ 75000 1) ... — — 1y,
Upgrade for Run Il | " \/

— New Beta source L et i o
= = mgw - 106 — 1o mplifier
— New electronics and acquisition A b Ru S-S Mev Ty

— calibration and complete check of the
cryostat

Dewar and Calorimeter measurement

Central Cal: Beta measurements and calibration (dec. 2000)

Requirements:
* purity better 0.5!
* error < 0.15 ppm
- stable in time
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Online calibration

e precision on linearity of the currents < 0.1%
Pulserinteriace Board. « principal uncertainty: parasitic capacities
automatic configuration 6 commandes (3x2)

Carte de
Préamp,

Trigger

|

Controleur de Pulse

(pulser)
Boite de
Alimentation 2 Fanout Préamp.

switch (2x3x16 switchs)

- 12 “Pulsers” deliver
E L sSu ot continuous current o
* PULSERPOWER SUPPLY x| pulse height

Command signal
determines pulse start

On 6 active fan-outs per
pulser , 16 switches open on
pulse start to form the pulse
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Understanding pulses

effect of
signal
reflection

hadronic channels :

P TTTINTE..- . 2

somewhat more difficult :

Pulse reflection on calorimeter cell
has a big effect on hadronic pulse
shape

=» trying to understand the pulses with
- Reflection measurements
- Waveform measurements

- Comparison of measured pulse
shape from data and pulser

=» Simulation

Comparison of measured pulse
shape and corresponding ADC
counts allowed to pin down the
“resistor inversion” and its scaling
factor on first W-peak!




Non-linearity

Residuals

ADCQ

DAC/1000
e ADC to energy conversion with an
universal function for SCA non linearity

= residuals better than +/-5 ADC counts
on the whole range for both gains

Saturation effects in SCA cells
produced a non linearity in the
energy reconstruction

Comparison of residuals of a
linear fit after appropriate
scaling for gain x1 and x8

below +10 ADC counts (<0.3%)
above ~2 GeV

non linearity similar for all
channels
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also indispensa
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@-intercalibration

Electronics calibration is not sensitive in variations on the calorimeter cells

Beams are not polarized, therefore the energy flow has no azimuthal dependence
=>» equalize the energy response in one n-ring (depending on cell depth)

Difficulty: trigger should not bias the sample = low L1 trigger threshold; yet take
enough data = “parasitic mode”

Also in hadronic calorimeter and ICD! Module 17 dropped during the
| Correction tactors for ieta=-5 vs. iphi | S~ | calorimeter construction in mid

n - : 1980’s = stable response over

1.033— @ ' decades!
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Then: reconstruction and simulation!

pileup pileup
CalDataMerge CalNoiseNLEffect

calunpdata
CalMCToUnpReco

dOgstar

layer

pes N

rawEnergy
guess

ADC_raw
guess

nic/gain-t

weights-!

I dOreco I

nlc/

._l gan = O-suppr.
1

L layer
weights
calunpdata

calunpdata

J CalUnpToMCReco
detector CalUnpToMCReco
layer
weights
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getting the events!

L1 CAL trigger upgrade
- allow for 132ns bunch x-ing: digital filtering
- Improve resolution and turn on curves: sliding window

Framework Interfaces
Timing [SCL) Control (TCC)
| ]
ADF Timing VMF Interface
& SCL Interface

LZ& L3

tirm ingfcin

i | e e me

Bi Glokal ll.:
Ehd 2 * * a
18 EM (:BMrnl m
18 H [G.B.E:' .
H b » wi w
2 EM + 2 H g
TT Sig nlal Sliding rlnl:
Existing Processing Windows
BLS Cards:
= Signals from &
2560 TT L1 Track —! Cal-Trk Match
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«geometric » corrections

MC Energy = 40, CC, is fiducial L T4z ceas

Eniri ooonas | MC Energy = 45, CC, is fiducial | | ngies —
Mean

= Meany 1.303 0.001491
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2 po 1.116= 0.024 B Prob 0.4127
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* put reconstructed energy to “particle energy =5
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- determined as function of n and energy o e
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=» increase with improved dead material description 3
in p17 Monte Carlo — decrease of Z-resolution! 20—
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...a long way not only to the Z

Taking into
account all
calibrations for
the p17
reconstruction
improves
resolution by
15%
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Reconstruction of the J/¥ using the « road
method » and track based trigger :

 extrapolating tracks in the calorimeter

* cells crossed and neighbors belong to the
electron

 developed also for soft-electron b/c tagging
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once you have it, it stays!

nX0=0.2

108
1.06— "
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- B rUns - (185000, 194566]

1: EEEE movenne = 1.039041
0.98 I runs - [194567, 9192740]
T B movenne = 1.039292
u-%_l | | | | | | | | | | | | | | | | | | | | | | | | | |

Z calibration for two run periods over one year
In Runll a remains stable!
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Em-id: H-matrix etc.

Loose — LHood

HMXx7 < 50 (CC)

HMx8 < 75 (EC)
Track match prob > 0

Preselection:
ID=10+11-11
Iso<0.15
Emf > 0.9 (0.95)

("’

Loose — H-Matrix
HMx7 < 12 (CC)
HMx8 < 20 (EC)

k L Tight - LHood ]]
rack match prob > 0.0 6

Mx8

I EEEEREREE

Tight — I.Hood
Lhood7 > 0.85

I

v v

Fiducial?
| Is_fiducial = true

EC

EC

e e
% L] EL

Identification of isolated em-clusters
based on shower shapes:

» H-matrix based on 7/8 variables
built from energy deposits in em-
layers

* For electrons, track cluster match is
required in addition

*CPS calibrated

irack-maikch Pmobabilily distribulioncuse new paramelers ve slandard

2400
2200
2000
1200
1600
1400
1200
1000
300
600
400
200
pb

standard tmb Prob.

usa new parametars Frob.
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olise

N

But also

f Fire
Noon Noise
Purple Haze

ng o

5

Enerygy sharing
Tower 2

Cable swap

Run 205428 Evt 2055028

M ev

ICD
B HAD

CH

missing Et

Bins: 1592




Data quality control

4 . I
Raw calorimeter data

from event distributor.

data. Only ZERO BIAS

_Only ZERO BIAS events. | L events.

4Ll

4 ] . )
Thumbnail calorimeter

4Ll

p
on-line rcp file

off-line rcp file

dq_calo package

4Ll

4Ll 4Ll

{text report file J {input file for J { file with root

(for shifter)

the database

trees

|
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Nada and Tea for Two

Standard noise suppression based on pedestal measurement :
1.50 online suppression and 2.50 offline suppression

T42:

e Topology dependent noise
suppression keeping only cells >4 ¢
and their direct neighbors

NADA:

searching for isolated cells above
threshold

= Good efficiency (>90%), with low
mis-id (<1%)

global Ebef global_Eb
x103 Entries 74

Mean

3500 — RMS

3000 —

2500 —

2000 —

1500

1000

500

What neighbours means

N R ﬂ"
N A < Al .
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What MET would you like?

METCT
Entries
— kMean F.A07F
1900 — RMS a3z
1400 - METC P14
1200 — studies
1000 - METE
800 [
800 [—
<00 F—
— | mET_UE_MetBCorrCALOMU
200 :— mET_UE_MetBCorrCALOMUZmumuPass2_All_Xjet
- _% L Entries 3732
00 L % 1 1 1 lb L 1 1 L 1 |5 L N : + HEBI’I 5541
L RMS 3.823
500 — MET_UE_MetBCarrCALOMUZmumuPass2_All MC_Xjet
i Entries 18763
i Mean 5.767
1600 — = 400 RMS 3.861
trool META :
1200 — METB 300[ P17
1000 — i unclustered
800 :— 200 N energy
600 = i calibration
400 [ 100
200 [ i
— _|—|_‘ u_|||||||||||||||r"| | et
05 — e T BE— T 0 5 10 15 20 25 30

Missing E; is
In principle
simple, but
how to
choose the
calorimeter
objects and
and calibrate

them, treate
noisy parts of
the
calorimeter,
and calibrate
unclustered

energy
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Using MET

MET has been
a very useful
tool for the ‘ |
Run selection e
and Data i ‘i
monitoring! Twm

4 -
e o
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.
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] ég‘l .‘z‘ gd b 4
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! ! ! | =10

" Run number

160

[ Met versus Set | +~Met versus Set |
S et am] 8 ¢ AEEVHl And MET has been
i 0 -2.226 +1.133 14 po -1.879 +0.6613
(\D/ r 1 50 Sl -0.02646 iOJ-r02495 \T_ L 150 pl 0.001312 +0.008332 used to stUdy the 0-
Lut—lZ_— . p2 1.021 +0.3412 UEJ of p2 0.8376 +0.1522 ]
= suppression

105— 2.0c _20(5
2.5c L + 35—2'50

threshold

AL
C Evénements de r Evénements
T biais minimum r QCD
Lo v b v v v v v v b v by gy 0 1l /Y b b b by |
% 50 100 180 200 250 0 50 100 150 200 250
SE; (GeV) SE; (GeV)
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Define a jet algorithm -
Infrared safe
Split and merge strategy
Determine thresholds
Define what a good jet means!

The new jet ID cuts for pl7 data are:

A jet passes the new maximal CHF cuts if: 120

- CC jet
e it has CHF < (.4, or, 1.1 :_ :
e it has CHF < 0.6 and 8.5 < |nge¢| < 12.5 (in the ECMH) and n90 < 20, or, 1:_ ! SRS K

e it has CHF < 0.44 and |g| < 0.8 (central), or,

0.9 i i
e it has OHF < 046 and 1.5 < |5 < 2.5 (end cap excluding forward regions). '3 i i ,
A jet passes the new minimal EMF cuts if: 0.8 :_ :
s it has EMF = (.05, or. 0.7 S—
o it has 1.3 = ||| — 12.5] + max (0, 40 x (o, — 0.1)) (in the No EM Gap). 0 5: L | i L | L
. , : ) 50 100 150 200 250
s it has EMF > 0.03 and 11.0 < |5, | < 14.0 {in the No EM Gap), or, Y PpT

e it has EMF = (.04 and 2.5 < |n| (forward).

A jet passes the new minimal L1, .4, cuts if: - and measure its efﬁCienCy

e it has L1, = 0.5, or,

e it has L1, 4, = 030 and pp < 15 and 1.4 < |g| {end cap), or, @e-fore ﬁdn([ﬁng e'Vﬁ?:)’tﬁ'l.ng O'Ver to
e it has L1, .4, > 0.1 and pr < 15 and 3.0 < |g| (forward), or, tﬁe ]ES' group.’

e it has L1, = 0.2 and pr == 15 and 3.0 < || (forward).

where L1, is caleulated excluding the massless gap energies from the precision (and L1} sum. 20



In case you missed...

Mifa : Cilina caib@tan datshasa

| o~
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OO0 _CELL_STATUES
| o 1000 CELL CORMENT

o

Luminosity
dependent
ICD
calibration
tables!




Laboratoire de Plvaigque Nucléaive ob des Hante

Jand since..
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