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Kalorymetry

Projektujgc kalorymetr chcielibysmy zoptymalizowac:
- doktadnosc¢ pomiaru energii (w rozwazanym zakresie)
- doktadnosc¢ rekonstrukcji pozycji (ped poprzeczny, matching toru)
- mozliwos¢ pomiaru kierunku i/lub czasu
- mozliwosc¢ rekonstrukcji profilu kaskady (identyfikacja)

Niestety nie mozna wszystkich tych parametrow polepszy¢ jednoczesnie
Pomiar energii: kalorymetr jednorodny, minimalna segmentacji
Pomiar pozycji: duza segmentacja poprzeczna
Pomiar kierunku i profilu kaskady: duza segmentacja podtuzna

Trzeba optymalizowac pod katem fizyki: procesy "wzorcowe"

Koszt ogranicza wybor materiatow, rozmiary i liczbe kanatow...



Electrons and photons in ATLAS/CMS
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- Barrel: 62k crystals 2.2 x 2.2 x23 cm
- End-caps: 15k crystals 3 x 3 x 22 cm
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Electrons and photons in ATLAS/CMS
ATLASLAr EM Calorimeter description

Back Cell ——»
Middle Cell

0 —
/V
\ -
n Barrel module
EM Calo (Presampler + 3 layers):
= Presampler 0.025x0.1 (nxd) oL Ar-Pb sampling calorimeter (barrel)
zE_ner gy lostin ‘gpggs?ag‘ln(‘ati;a' «Accor dion shaped electrodes
- rps . XU. X . . .
:;oStimaI separation of S *Finelongitudinal and transverse
non-bending plane, pointing segmentation
=  Middle 0.025x0.025 (mx¢) *EM showers (for € and photons) are
?Cl'(uster 5990'5005 0.025 (nxd) reconstructed using calorimeter
. ac .05x0. nx

= Longitudinal leakage cell-clustering
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ATLAS & CMS em calorimetry

Homogeneous calorimeter made
of 75000 PbWO, scintillating
crystals + PS FW

‘Very compact Ryp=2.0cm

- Excellent energy resolution
* Fast << 100 ns

* High granularity

*‘No longitudinal segmentation
‘No angular measurement

-Radiation tolerance : needs
follow up

*Room Temperature
*T sensitive 5%/°K

*Requires uniformisation by
calibration

Sampling LAr-Pb, 3 Longitudinal
layers + PS

*Rj=7.3cm

*Good energy resolution

‘Not so fast (450 ns), requires shaping
* High granularity

- Longitudinally segmented

Angular measurement

- Radiation resistance

-Cryogenic detector (cryostat)
*T sensitive 5%/°K
*Instrinsically uniform
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CMS ECAL Calibration & Monitoring

> ECAL Calibration (Resolution : ‘Constant Term of the Resolution Formula’) .

Raw (uncalibrated) > Beam Test Precalibration > In-Situ Physics

Supermodaule : 2 % ‘Resolution’ Calibration :

6%-10% With a ‘fast’ calibration 0.5 % ‘Resolution’
‘Resolution’ ‘Lab Precalibration’ : Timescale for calibration : Weeks
Spread among channels 4 % ‘Resolution’

before calibration

> ECAL Monitoring (Monitor Stability and Measure Radiation Effects) :

ECAL Stability (<< 0.5%) , Transparency Loss Correction,

Monitored with Laser Monitoring = Signal Change under Irradiation ~5%

System Measured with Laser Monitoring System
Nick Hadley {}




CMS ECAL monitoring system

The Solution:

Damage and recovery during LHC cycles e e el ekl

tracked with a laser monitoring system
2 wavelengths are used:

440 nm and 796 nm

Light is injected into each crystal
Normalisation given by PN diodes (0.1%)

APD - - - - - - -
* Monitoring of evolution by light injection system
- 100 Hz operation
CRYSTAL = about 600 pulses per crystal

to get a transparency

(1700/SM) i i measurement
E_’l_l> - whole ECAL in 20-30 min

LEVEL-1 LEVEL-2 WITCH

(200 Channels)
FANOUT FANOUT (select SM/2)

LASER
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ECAL monitoring system

Stability for a typical channel over about 3250 h
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Energy resolution: how to keep it?

* Intercalibration

requires several steps before, during and after data taking
* test beam precalibration

 continuous monitoring during data taking (short term changes)
Intercalibration by physics reactions during the
experiment (=Y, n) with specialized data-stream or ¢ symmetry

. -~ e CMS preliminary/s =7 TeV
imi 5= - = L IT R LN LA | rryrTrTYrY T Y YT YT ETT T
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CMS In-situ: using Z—ete"

FrrTT T T £/ 8051712
Prob 0.7811
Constant 2435+ 268
Mean
Sigma

3.896e-05+ 5.361e-04
] 0.006015 + 0.000465

) T 5 5 S [BLILALE B e e e e e e  IPRR O 8.586/7
! ! ! !

Bal | el PO 0.1084 +0.01086

© 0.018 p1 0.001496 + 0.002656

0.016
0.014
0.012 + 2.0 ﬂ)-l

0.01
0.008
0.006
0.004

calib

c=0.6%

~001 002 0.03 0.002
Res. Miscalibration 0™406" 150500 550 300 350 400 450

Method: Use cases: Events per ring

Z mass constraint @ Inter-calibrate crystals in ECAL regions

@ Inter-calibrate ECAL regions (1.e.rings in ¢-symmetry method)

@ Set the absolute energy scale

@ Tune algorithmic corrections for electron reconstruction

-III|III|III|III|IlI|III|III|III|III

Events Selection: Low brem electrons.
Results:

Assuming 5% mis-calibration between the rings and
2% mis-calibration between the crystals within a ring

ﬁStatistics: 2.0 fb!

QERAI

. 2
i 1 . (A‘film,-) 1
2 Mz 0.6% ring inter-calibration precisionsjg:*
Nick Hadley

Algorithm:
[terative (~10-15), constants are obtained
from the peak of &' distribution.

¢ o
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Performance in situ CMS

€ Barrel ECAL 99.10/0 in 2010
e Endcap ECAL 986% in 2010
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Intercalibration precision
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In-situ: using isolated electrons

Precision versus Statistics
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LAr electronics calibration

The ionization signal is sampled every 25 ns by a 12 bits
ADC in 3 gains. 5 samples are recorded at ATLAS.

k ME + SB
{) line ) 2 sampled at 40
an} CR=RC" 1 MHz and digitised

pat | & | Lme
g
= |
LATY gap O 0.8
stainess stesl B [
e 1 06 |
F _ L
0.4 I
The shaper output of the :
3 .. . . . 0.2
ionisation and calibration i
& signal is different! olbd N\ Y TR e
i @ Injected signal sh |
E jected signal shape NEED

o 4y sy by e b s s T
0] 100 200 300 400 500 600

@ Different Injection point | CORRECTIONS Time (ns)
"he equalization of the electronic

readout. Requires to know the

: T I T Y _ shaping function of each cell at few percent level
R I R R L — equalization with an electronic control signal

Time o]

—

Shaper-out
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Mean Fargy (Gel')

Fuergy Resoloton (%)

ATLAS EM uniformity (test beam)

Module P13

245.6 GeV

Module P15

245.7 GeV
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LHC benchmark: SM H— vy

1) Irreducible background from qq = yy and gg =2 vy (box)

2) Reducible background from °m (2 vyy) in jet

fragmentation:

e final states with many photons -> look for single
photons

e non-isolated photons inside jets - look for isolated
photons

o Very difficult problem: at p; =50 GeV, jet-jet / yy= 10’
- need to reject each jet by a factor 10,000 to bring the
reducible background well below the irreducible one

e However, at p; =50 GeV, nd/jet = 103
- separate isolated photons from n° decays at 50 GeV

- photons from n® decays will be distant by =1 cm
0-Froidevax NN aa ] arantilar nosHiofi e Eesrel Safresehod GRS IR 14082007



SM H— vy

venls

|
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E

Enerqy resolution

i 100 | _PHOtons from
CMS EM calorimeter oy 359 FH =y

(crystals): E  JE  eoo
ATLAS EM calorimeter

ﬂB? o958 o999 1 101 1 0

(liquid-argon/lead sampling calorimeter): i E

o(E) 10% ot n=0.94

E \/E = Sampling term =10.7%
Module zero test beam data — | Constant term = 0.3%

T
= =
-
- &

Mass resolution S T ew
(M,=100 GeV, low L): 1

ATLAS: 11GeV [
CMS : 0.6 GeV B .o,
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Electrons and photons in ATLAS/CMS

ATLASEM Calorimeter energy reconstr uction

FRONT=51 MIDDLE=S2 BACK=S3

- \

Correctionsdueto cluster
position:

An (Sshape modulation)
+0.005

j ™~ +  Ad (offset in accordion)
Y Y =M Shower —— +0.001
1 2 3 4
.0x
(RSS! [ 211030 % Correctionsfor energy losses:

Two main clusterization methods:
* Fixed size diding window:

*3x3, 3x7... cells, 2"d sampling Nxo;

*Some ener gy left out, especially for small sizes.
» Topological clusters:

*Variable size cluster, minimize noise impact;
«Additional splitting algorithm is also provided.

1.
2.

3.

4.

Before PS
Between PS & Calo

Outside cluster: depends
on clustering method

After calorimeter:
~Energy in BACK

2-7% overall energy correction

>7% at low energy, highm

D. Froidevaux, CERN 35 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



SM H— vy

Anguiar resoiution and acceptance

e ATLAS calorimeter has / ;)
longitudinal segmentation %< /
— can measure vy direction
ATLAS, full simulation
Vertex resolution using EM e ), 7

calo longitudinal segmentation L

00

vertex spread

Photons fro ~5.6cm

2e H— vy

—==1_ F%F cn

o i 1 Bl e 1

| 50 mrad
I AL

CMS has no longitudinal segmentation (and no preshower in barrel)
— vertex measured using secondary tracks from underlying event
— often pick up the wrong vertex

— smaller acceptance in the Higgs mass window

D. Froidevaux, CERN Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007




SM H— vy

Rejection of OCD jet background

l
™0 40 =) =0

ATLAS EM calo :
full simulation

€, =80%

Most rejection from longitudinal calo
segmentation and 4 mm mn-strips in first
compartment (y/ nt® separation)

D. Froidevaux, CERN

46  Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



Optymalizacja pomiaru energii jetow



Energy flow in jets

e Some processes where WW and ZZ need to be separated without beam
constraints (e.g. eTe™ — vvWW, vvZZ)

e This requires a resolution of about AE/E = 30%/VE

WW 77, separation for AE/E = 60%/\/@ and AE/E = 30%/\/_

BN Sk o) Y/ TV S—

ECFA LC workshop Vienna 2005 6 Klaus Monig



Jet Reconstruction @ ILC

- Q. How to achieve the best attainable jet energy resolution?

- A. Since the momentum resolution for the charged particle
measured by trackers is much better than the energy resolution
of calorimeters, the best energy resolution is obtained by
reconstructing momenta of individual particles avoiding double
counting among Trackers and Calorimeters.

- Charged particles (~60%) measured by Tracker.
- Photons (~30%) by electromagnetic CAL (ECAL).
- Neutral hadrons (~10%) by ECAL + hadron CAL (HCAL).

TOT pe T pcharged hadron i Ey i _Eneutral hadron
[ tracks only] [calorimeter only]

Particle Flow Algorithm (PFEA) ‘




Particle Flow: Basics

— > 2\ Resolution tracker - Calorimeter
o(Jet >:\/Z ;B +Z €eea B i+z €icaE4

O(E)/E _‘IIIIIIIIIIIII\‘II|IIIIIIIIIIII||||||||||||

1
0.035 M N
R

Resolution is dominated by HCAL |
and by H

0.025 — 1‘

"confusion” term -
w2 £l 120 GeV.

370 GeV

0.015

o (E)INE om | —
0.4 L L L L L L L L L L L L L L L L C - o

- ; . .. o(E)/E =0.3/sqrt (GeV ) 0.005 - R
0ss [ practical limit B -
035. - - - - - - - - - - - ._: DDIIIISDHHll]l]HI15[IIIZDDII25l]IHSCIIDHHS.éDIIII‘%IIIIIIIIH:L'IEDHHSDD

: : EGeV)

design detector to

< minimize confusion term

< minimize the role of the HCAL

+ for the rest: build the best HCAL possible

005 |- .

for perfect separation

Ties Behnke: Detector concepts for the ILC

=

resolution scale

Effect of changing the
resolutions by a scale factor

6)]



Particle Flow Algorithm

- In order to get good energy resolution by PFA, separation of
particles Is important. = Reduce the density of charged and neutral
particles at calorimeter surface.

d=0.15BR?/p, Often quoted “Figure of Merit”
//.»17 \/0'2 + Ry 2
R .7 B : Magnetic field
e R : CAL inner radius
\ o: CAL granularity
Y CAL surface R, : Effective Moliere length

- For transverse separation of particles at the ECAL surface, stronger
B-field and/or large ECAL radius are preferable.
* Fine segmentation of CAL is also important for pattern recognition.




Radius vs. B-field

SiD To achieve the PFA performance goal
with a reasonable detector cost.

R =140cm '
— [ Cryostat
B=5T "LDC" [ Tron Yoke / Muon System

= R = 180cm "GLD"

= B = 4T

m R = 210cm
B=3T

_d




| CMS Preliminary |

Particle Flow : CMS case (2010 data)
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Data: Jet energy resolution
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Error in momentum measurement

In the general case,
for N equidistant measurements:

O-(pJ_) _ 1 O-(X)'pj_ 720
D, lwws 03 B \VN+4

for N>~10

\ In;

o(p,)

= condsl.

( short

p

O. Ullafand/ 2006



Magnets for 41 Detectors

Solenoid Toroid

+ Large homogeneous field inside 4 Fjeld always perpendicular to p
- Weak opposite field in return yoke 4 Re|. large fields over large volume

- Size limited by cost + Rel. low material budget
- Relatively large material budget - Non-uniform field

- Complex structural design

Examples: .

. Example:
*Delphi: SC,1.2T,5.2m, L 7.4m *ATLAS: Barrel air toroid, SC, ~1 T,
*CDF: SC, 1.4T,2m, L 6m 94m.L24.3m

CMS: SC,4T,59m,L125m



Charge and Momentum
Two ATLAS toroid colls

Superconducting CMS
Solenoid Design



ATLAS/CMS: muon measurements

Mirift Tiilhaco = ann = — [TILIOIN DDs

CMS

CMS muon spectrometer
« Superior combined momentum resolution in central region
 Limited stand-alone resolution and trigger (at very high luminosities)
due to multiple scattering in iron
« Degraded overall resolution in the forward regions (|n| > 2.0) where
solenoid bending power becomes insufficient

D. Froidevaux, CERN 7 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



ATLAS/CMS: muon measurements

| ATLAS

Monitored Drift—Tube Chambers

\l C
ﬁﬂhl T g N

12 r

110

ATLAS muon spectrometer

« Excellent stand-alone capabilities and coverage in open geometry
« Complicated geometry and field configuration (large fluctuations in
acceptance and performance over full potential n x ¢ coverage (|n| < 2.7)

D. Froidevaux, CERN

8 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007




ATLAS/CMS: muon measurements

Barrel: = 5x higher bending

E 14 - =, Wiachna .

t > - CMH (inside the cail ) power 1n CMS!

E i ol == 14 larger
,______Jﬂ: | | - 1 multiple scattering.

ot LR scattering.

— A 23X worse p; resolution
in CMS.

D. Froidevaux, CERN 9 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



ATLAS/CMS: muon measurements

ATLAS barrel standalone

18

—
(3]

— =
(% B

contribution to resolution (%)
=

L & [otal
v Chamber resolution

- * Chamber alignment

— © Energy loss fluctuations

D. Froidevaux, CERN

CMS barrel standalone

18

—hi
N

—h ek
R

=

estimated contribution to resolution (%)
'y

[ T =4

(-

| barrel region [
|
— |
: CMS, total ||
i chamber resolutior
| f
_IIII|--"I'--I--I-.I-.Illll [ 1 IIIIII|
10 10° 10°
P4 (GeV/c)

Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



ATLAS/CMS: muon measurements

Barrel Endcap
20 20 .
18 | 18
16 / 16 g
14 14
12 12 .
10 L 10
8F .- 8
6F 6
4 4 e
g F—— e TN g 'I"__?r._.....d Lol
10 100 1000 10 100 1000
p; (GeVic) Dy (GeV/c)
ATLAS: - —standalone CMS: --standalone
— combined — combined

D. Froidevaux, CERN 12 Hadron Collider Physics Summer School, CERN, 11/08/2007 to 14/08/2007



Alignment Strategy

Applies to tracking detectors including muon
chambers.

— Then use tracks to align calorimeters as trackers measure
position better (usually) than calorimeters

Typically 3 step process

1. Measure element (e.g. wire, pixel) position during
construction of subdetector using coordinate measuring
machines and similar devices.

2. Measure relative position of subdetectors after assembly
using surveying techniques such as lasers.

— Only works for detectors you can see.
3. Track based alignment

Nick Hadley



Alighnment Concept & Typical Numbers

Muon Tracker
Strip Pixel
Assembly: O(mm) 0.1-0.5mm 50-100 um
Hardware i 50-100 pm
Alignment: ~<100um <100um (no HA foreseen)
Track Based ~100pm ~10pum ~5 um
Alignment (perhaps below)
Hardware Alignment Hardware Alignment Only Track
will provide the operational  will insure pattern recognition.  based Alignment.
Remarks: alignment level. Track Based Alignment must Nothing else!
Track based alignment will provide the final alignment

be a cross check and
eventually a completion

BRI,
o

“':-"-’1
ES

Nick Hadley

4 4
TRy b



Mis-Alighment: Impact on Physics
(important for Z’, LED)

= Use Z—pupu to illustrate the impact of mis-alignment on physics

INICK Hadaley

i [l 2144717 i [l 41027 1F
o Corton 7521 - Conmrs c431 40
o F Sigma  2.362+0.1333 Tk Sigma  2.875+ 01878
3 Alignment 2
st Perfect N ) SIE 6~2.9 GeV
9 A1 0~2.4 GeV|  with tracks _sof
£ Alignment wE
b B field and  4F
20f M material budget zf M
10 Z uncertainties  10f Z
L R H T [T A AT L T R T T R TR T
M, .. [GeV] M, .. [GeV]
=Tl T T
o . &0 = Constart 48,23 £ 3101
First Data Taking* i o M Long(er) Term.
<lIfb! ] ~ -1
/b wf 5~3.5 GeV ~>1fb
Laser Alignment wg o First results of Alignment
o l® _ a0 f with tracks
Mechanica anstramts 105— MZ :>%20um alignment
==100pum alignment : uncertainties
. . M T n e ol =1 PR B 1 - el P - PERET
uncertainties L N 1T £ TR 7 e,
M, .. [GeV] ‘



| 4. ATLAS Cosmic Event

ATLAS 2008-09-28 10:19:08 CEST event:JiveXML_90272_2065845 run:90272 ev:2065845 geometry: <default> Atlantis

2

1

-10

YX Projection| YX Projection

HO
PR M

f o

P

~10
i

L] ' L]
p2 Pro;emon ] X2 Projection

-7.8

\

X' o

-84

| LA T F 1 3 T Sy T
0 Zm 20 150 Z (am) 180

Gregor Herten / 14. Tracking Systems
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Alighment performance

« Track based alignment minimises residuals for a sample of
tracks, by adjusting position of sensitive elements.

« Position and width of known mass objects allows momentum
resolution measurement.

e Hit /U//u

/ |

from F. Meier

9 May 2011 Pippa Wells, CERN 53



number of hits on tracks

4. ATLAS Pixel Results: Cosmic Rays

[T T | T 1T | T T | T 1T | L | L T 1T T 1T T T T T
16000~ g Aligned geometry : =
- u=2um, 0=24um N
14000 | . f -
~ OMC perfect geometry i
12000—_ u=0um, o=16um _:
~ [ONominal geometry -
10000 #=-21um, 0=128um —
8000 —
- ATLASPreliminary -
6000 Pixel Barrel ]
40001 —
2000} : \ i —
o o | | os"- h o .

-04-03 02 01 -0 01 02 03 04

X residual [mm]

Residual distribution in x, integrated
over all hits-on-tracks in the pixel
barrel for the nominal geometry and
the preliminary aligned geometry.

The residual is defined as the
measured hit position minus the
expected hit position from the track
extrapolation. Shown is the
projection onto the local x
coordinate, which is the precision
coordinate.

Tracks are selected to have pT > 2
GeV, |[d0I<50mm, 1z0I<400mm (in
other words they are required to go
through the pixel LO).

Gregor Herten / 14. Tracking Systems
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|4. ATLAS ID Results: Cosmic Rays

Cosmic tracks crossing the entire ID leave
hits in both the upper and lower halves of

¢ [ emignedgeometty || ATLASPreliminary | the ID.
= 1200 h=-1um, c=49um | SiUp-SiLow Tracks
o - OMC perfect geometry | 1 These tracks can be split near the
8 1000/ M= wm,o=32um — interaction point and fit separately,
§ - LINominal geometry 1 resulting in two collision-like tracks that
800 — can then be compared.
600 —  The plots shows the difference in the dO
- 1 track parameter between the two split
400 = tracks.Tracks are selected to have pT > 2
- 1 GeV, |dO|<50mm, |z0|<400mm (in other
200 words they are required to go through the

pixel LO).

9. 0.4 06
A dO[mm] Tracks also are required to have a hit in the
Pixel B layer, 3 Pixel hits and in total 7

Silicon hits.

Gregor Herten / 14. Tracking Systems 50



Alighment performance

Systematic distortions, example a twist, are hard to detect.
Track residuals can be minimised but p; is biassed.

from P. Brickman de Renstrom

9 May 2011 Pippa Wells, CERN
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K% = ntrn-

Two oppositely charged tracks, consistent with the same vertex.
Assume the tracks are pions. Reconstruct the pair invariant mass.

World Average PDG value 497.614 &= 0.024 MeV

Minimum Bias Events §/5=900 GeV)

} :I T T | [ T T | T T [ | T T [ | | L | [ T T | [ T T | T T [ | | L [ [ I:

Q - ATLAS Preliminary ® Data =

5 3000:— mtmks| <19 1 Simulation =

> 25000 ~ Fit =

3 3 = 497.6 + 0.1 (stat) MeV-

= = = 6.8+0.1(stat) MeV]

[ - - |

] 2000: ]

1500 — =

ATLAS - -

example:2009 data "°°F E

slightly broader 500E- =

than simulation C .

_ _ _ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

ATLAS-CONF-2010-019 400 420 440 460 480 500 520 540 560 580 600

my . [MeV]

9 May 2011 Pippa Wells, CERN 55



K% = ntrn-

Two oppositely charged tracks, consistent with the same vertex.
Assume the tracks are pions. Reconstruct the pair invariant mass.

World Average PDG value 497.614 &= 0.024 MeV

%1 03 Minimum Bias Stream, Data 2010 \'s=7 TeV)
% 1 00 1 T 1 I LI LI I LI LI I LI l LI I LI l LI I LI B .
= i ATLAS Preliminary ]
; 80— ® Data ]
g : double Gauss + poly fit :
E B [_] Pythia MC09 signal |
60— [_] Pythia MCO9 background ~ —|
40— ]
Much better i i
agreement with - i
2010 sample and 207 i
improved alignment N i
L1 1 I 1 1 1 I L1 1 1 1 I 1 1 1 I L1 1
ATLAS-CONF-2010-033 400 420 440 460 480 500 520 540 560 580 600

M. [MeV]
9 May 2011 Pippa Wells, CERN 56



Optymalizacja detektora

Decydujgce znaczenie majg, niestety, pienigdze...

Na przyktadzie projektu SiD dla ILC.



SID (the Silicon Detector)

CALORIMETRY IS THE STARTING
POINT IN THE SiD DESIGN

assumptions

o Particle Flow Calorimetry will result in
the best possible performance

o Silicon/tungsten is the best approach for
the EM calorimeter

o Silicon tracking delivers excellent
resolution in smaller volume

o Large B field desirable to contain
electron-positron pairs in beamline

o Cost iIs constrained

Jim Brau, Bangalore - LCWS 2006, March 11, 2006
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SID Configuration

5 Tesla

Jim Brau, Bangalore - LCWS 2006, March 11, 2006
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® Detector Optimisation Studies

* Lots of progress ...no time

g 0.6 ; ; :
S T : =
s T ’ - Z —>;uds (Jc0s6]<0.7) s
s L @ 180 GeV Jets 2
vl . @ 100 GeV Jets ]
& 0.5 : : "
S : :

on » o gﬁ
e : p
2 | 2
=I5 . ¢ S
w- 0.4 -
Q | H H Q
- L o | 431, 5.3 A, -

[ o
0 L1 1 | | L1 1 | | | I | | - i Ll 1 | | L1 1 I?\ L1 1 | L1 1 IQI 1 Iql Ll 1 |
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g 04 =
= - =]
€ | Z — uds (Jcos0[<0.7) =
= - 9 ® 100 GeV Jets, B=4T =
2 ® 100 GeV Jets, B=3T 2
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= i ] t =
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- | ® -]
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LCWSO07, DESY 2/6/2007 Mark Thomson

06 Z —> uds (|c0s0]|<0.7) L
i ® 180 GeV Jets
B ® 100 GeV Jets
0.5
[ )
— ®
0.4_— °
= a
0 1 Q 1 | 1 a 1 | L 1 1 | 1 1 L | 1 L 1 | 1 1 1
Y 2 4 6 8 10 12
HCAL Cell Size/cm
0.6
- Z — uds (|c0s0|<0.7)
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Cost

BR"2 Fixed, Vary R_Trkr
Parametric Cost Model
200
Cost = f (B-field, Rygy -...) //'
&00
500 L ‘/
- —a—F Trkr
= 40 / —=—d5%/dR
300 - X
J
200
100
Electronics /
Muon System 0+—+—+—t+t++—++++++ "+ttt
0.00 0.50 1.00 1.50 2.00 250
Cost by subsystem R Trker (m)

Cost vs. tracker radius

Jim Brau, Bangalore - LCWS 2006, March 11, 2006 15



SiD "Baseline”

« Rtrkr=125m

- B=5T

+ HCalA=45

- AE/E(180 Gev) = 0.0378

M$

800
780
760
740
720
700
680
660
640
620
600

1 1.05 11

Vary R, Lambda, dE/E = 0.0378

1.15 1.2 1.25 1.3
Radius (m)

1.35

1.18

1.2

1.22

Vary R, B, de/E=0.0378

1.24 1.26
Radius (m)

1.28 1.3 1.32

1.4 1.45

3

Vary HCal, B, dE/E = 0.0378

4 45 5 5.5
HCal Lamda

SiD "Baseline" is optimal for this value of AE/E(180 Gev) (Pandora parameterization,

Checked with Pandora version of SiD, SiD PFA)

16 November 2008

M. Breidenbach LCWS08
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15 April 08

A sequence of "Optimized SiD's"

M$

PFA Performnce vs Cost -SiD

950

850

750

650

550

450

350
0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065

dE/E @180 GeV

SiD Optimization M. Breidenbach

10



Selected Physics Process Errors vs Cost

dG/G; dM(Gev)

—e—dG/G) triple Higgs

Physics Performance vs Cost
—m— dM(GeV) Chargino Mass

0.36
0.34
0.32

0.3
0.28 iD
0.26
0.24

0.22

0.2

200 800

700

500 600

Cost (M$)

300 400

16 November 2008

M. Breidenbach LCWS08
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Selekcja przypadkow

W kazdym eksperymencie (a zwtaszcza przy kolajderach) potrzebujemy
jakis narzedzi do selekcji przypadkow.

Kazdy pomiar fizyczny/odkrycie oparte jest na starannie wybranej
probce danych. Wiemy doktadnie jakiego typu przypadki badamy...

Ostateczna selekcja jest wielokrotnie zmieniana, optymalizowana. Aby
nie zabierata zbyt duzo czasu trzeba wczesnie] dokonac wstepne]
selekcji, ktora odrzuci niepotrzebne przypadki.

Mozna sobie wyobrazi¢ eksperyment, ktory zapisuje wszystkie
rejestrowane przypadki | cata selekcja odbywa sie off-line.

Jednak w wiekszosci przypadkow jest to niemozliwe, wstepnej selec;i
trzeba dokonac w trakcie zbierania danych: on-line.



Selectivity: the physics

s Cross sections for various
physics processes vary

Fermilab SSC
CERN i LHC:l

over many orders of -
magnitude .l
o Inelastic: 10° Hz -
0 W— 7 v: 102 Hz - |
0 t?production: 10 Hz %
o Higgs (100 GeV/c?): 0.1 Hz %
5 Higgs (600 GeV/c2): 10-2Hz  '™f
= Selection needed: 1:1010-11
0 Before branching fractions...

Events /s for &= 10% cm2 s~

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC



Trigger/DAQ requirements/challenges

= N (channels) ~ O(107); =20 interactions every 25 ns
0 need huge number of connections
0 need information super-highway

= Calorimeter information should correspond to tracker
info
0 need to synchronize detector elements to (better than) 25 ns
= In some cases: detector signal/time of Flight > 25 ns

0 integrate more than one bunch crossing's worth of information
0 need to identify bunch crossing...

= Can store data at = 102 Hz
0 need to reject most interactions

= It's On-Line (cannot go back and recover events)
0 need to monitor selection

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 13



“Traditional” Architecture

information, o(1l)s/event

Out: 0(100)Hz

. Level 1 Pipelined (often deadtimeless),
g) _ o In: 1/x GHz hardware only, coarse readout,
7 Out: 0(10) kHz ~few us latency
O
i N
2G Level 2 Hardware/Software mix,
o § - L1 out L1 inputs, ~100 us latency
% Q Out: 0(1) kHz ’
=
@)
g8 N
E Level 3
O CPU farm, access to full event
fe) In: L2 out
0]
-
i

Gustaaf Brooijmans Triggering at Hadron Colliders August 2006 ‘



LHC Trigger Levels @

««««««

HCPSS08

107 s Collision rate 10° Hz
J Channel data sampling at 40 MHz

Q Level-1 selected events 10° Hz
® Particle identificatioq '(High P, &, H, jets, missing E.)
* Local pattern recognition
* Energy evaluation on prompt macro-granular information

10%s

f/ Level-2 selected events 10° Hz
L

Clean particle signature (Z, W, ..)

&2 * Finer granularity precise measurement
*» Kinematics. effective mass cuts and event topology
* Track reconstruction and detector matching

103 s

e
} Level-3 events to tape 100- 300 Hz
O Physics process identification

‘/’ » Event reconstruction and analysis
10°s

v !

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 11




Three physical entities

= Additional processing in LV-2: reduce network
bandwidth requirements

Rate (H .
Level-1 Detector Frontend ate (Hz) LEVEL-1 Trigger 40 MHz
QED - Hardwired processors (ASIC, FPGA)
— I_,|j|:]|:]:]|:]_[::|[:][';| _\ 1 MASSIVE PARALLEL
— I / Pipelined Logic Systems
Readout 108
Switch Event : . q
w {Manager Builder Network ,
S | 10°) SECOND LEVEL TRIGGERS 100
Farms kHz SPECIALIZED processors
|__'_H:Hj [Computing services ] 104 ] Ea_tg;e_ ?);g?(:tfn»and global logic)
W,Z
L  40MHz P A A A A
@[ o5 2 Z o
" e : N AR
< 10° Hz Higgs A
ms 10 Gb/s ! HIGH LEVEL TRIGGERS 1kHz
‘ Standard processor FARMs =
@ 104 25 ns - ps ms sec —
& 10?2 Hz 10°  10% 10 102 100
Available processing time
P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 17



Trigger/DAQ parameters: summary

No.Levels Level-1 Event Readout Filter Out

Trigger Rate (Hz) Size (Byte) Bandw.(GB/s) MB/s (Event/s)

3 10° 106 10 100 (102)
w2103

2 10° 106 100 100 (102)

3 vo 106 2x10° 4 40 (2x10?)
wva 4 104

Pp-Pp 500 5X1 07 5 1 250 (1 02)
op 103 2x106 200 (10?)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 20



Two physical entities

Rate (Hz) LEVEL-1 Trigger 40 MHz

Level 1 | Detector Frontend J— QED - Hardwired processors (ASIC, FPGA)
e Readout MASSIVE PARALLEL
] HEFWWWW . Pipelined Logic Systems
v 1 08 | Q
Mg\rqggter <i Builder Networks H Cgrlljt?ol ~()
)\
I—‘—d]i]jd]j:d]i]jm 10°] 4 4——-001-1sec —
Systems
-1
[ Computing Services ]7 104 -l = \é\ \é\ \é\ \é\ \é\
W,z == A [
Top 102
40 MHz i A A
10° Hz 10°] o N NET R YR
Higgs A S8 [
104
1 000 Gb/s HIGH LEVEL TRIGGERS 100 kHz
Standard processor FARMs
10+ 25ns - us ms sec
- T T T T T 1 9
1 02 Hz 10® 10 10+ 102 10° =

Available processing time

- Reduce number of building blocks

- Rely on commercial components (especially processing and
communications)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 18



Level-1 trigger

Najwazniejsza | hajtrudniejsza czesc¢ uktadu wyzwalania
* pbardzo mato czasu na podjecie decyzji
* mozliwe tylko najprostsze operacje na danych:
- dodawanie
- mnozenie
- adresowanie pamieci (!)
=> jedyny sposob na wykonanie bardzie] ztozonych operac;i
to policzy¢ wczesnie] wszystkie mozliwosci | zapisac w
LUT

* musimy wprowadzac uproszczenia
* musimy sie pogodzi¢ z duzymi btedami

* najwazniejsza jest efektywnosc



Level-1 Trigger: decision loop

s Synchronous
40 MRz dlgltal _ Local level-1 trigger
system Global Trigger 1 prinitive e, v, jets,

()

o Typical: 160 MHz HE D
internal pipeline m Tatengy
0o Latencies: H loop
« Readout + 0 P
processing: < i |
lus ===zl
. Signal X
collection & Front-End Digitizer Trigger
distribution: = Pipeline delay| Primitive
2us (=3 ps) ; Generator
= At Lvl-1: process ’+

_ Accept/Reject LV-1
only calo+u info

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 28



Signaling and pipelining (ll)

Level-1 Accept/Reject

Synchronization delay
Level-1 signal distribution

Global Trigger Processor
Regional Trigger Processors

Trigger Primitive Generation

Synchronization delay

Data transportation to Control Room

Detector FrontEnd Digitizer
Particle Time of Fligth

[

TIM

V' N

\

T

[

—

Light cone

Control

Experiment

P. Sphicas/Acad Training 2003

Trigger/DAQ challenges at the LHC 30


Filip
Prostokąt


Level-1 trigger

Wykorzystuje tylko niewielkg czesc¢ informacji ptynacej z detektora:
- dajgce mozliwosc szybkiego odczytu
- nilosgce najwazniejsze informacje
- proste do przetworzenia
(nie ma mozliwosci wykonywania skomplikowanych obliczen,
np. dopasowywania toru)

Czesto odczytujemy tylko podprobke pomiarow z danego detektora lub
sumaryczne wyniki (bez petnej granulacji)

Petny przypadek czeka w buforach elektroniki odczytowe] na
decyzje globalnego uktadu wyzwalania!



™  ATLAS & CMS Level 1: O
et Only Calorimeter & Muon viscorsi

High Occupancy in high granularity tracking detectors

Pattern recognition much Compare to tracker info
faster/easier S b
- “rim o 42
Complex <

Algorithms
Simple Algorithms Huge
Small amounts of data amounts of
data

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 33





