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Constituents of Matter
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» Quarks are held together by gluons (theory of strong force = Quantum Cromo Dynamics)
» Confinement: intensity of interaction increases with distance between quarks

* Quark flavor quantum number (S, C, B, T) is conserved in strong interactions, violated in
weak interactions

* Quarks form all known hadrons. Some hadrons were discovered after having been
postulated as specific quark combinations.
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They are fermions
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They are bosons




Leptons l
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* Leptons are point-like particles (elementary)
* Very special leptons: neutrinos

» Assign to leptons a quantum number L, Lw L _=1 for particles and -1 for antiparticles

* The lepton numbers are individually and, therefore, globally (L +L +L ) conserved
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Calorimetry in particle physics has three
steps:

1. Interaction of Particle with matter: A
destructive interaction depending on
the kind of material and the particle

2. Energy loss in a detectable material

3. Signal Collection




Units

C
E? = p262 + m?ct E’:n/loyc2 p:mo%ﬁc ﬂ:%
 Energy - electron-volt

— 1 electron-volt = kinetic energy of an electron in 1 Volt

—~1eV=1.6 x 1019 Joules = 2.1 x 10°® Wes
« 1 kWehr = 3.6 x 10° Joules = 2.25 x 1025 eV |
. 7 TeV (1012eV) proton & 104 %ﬁ//
« 2808 bunch; 10" proton/bunch 7 TeV/proton = 360 MJ

¢ mass - eV/c? \

« 1 eV/c2=1.78 x 1036kg
« electron mass = 0.511 MeV/c?

« proton mass = 938 MeV/c?
« Human mass(80 kg) = 4.5 x 1037 eV/c?

e momentum - eV/c:
« 1eV/c=5.3x%x 1028kg m/s
« Tenis ball=10 kgm/s=9.9 x 1027 eV/cC




1.Very short summary of the
interaction of Particle with matter

more in Damir Lelas presentation....




Particle Interacting with matter

— Electromagnetic interaction o
==) < |onization g
== . excitation
==> « Cherenkov radiation

» transmission radiation |
- bremsstrahlung T

* Photoelectric effect
« Compton scattering
* pair production
— Nuclear interaction
mm) < secondary hadrons «\
m=) « Hadronic shower




- ionization
- Cherenkov radiation
- Breemstrahlung

Energy deposited in <dE> w Ao
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Cross section: o

Probability that a particle interact with matter is proportional to the "cross section”
millibams: 1 mb= 10" n?’

elastic scattering: only momentae of incident particles are changed,
for example, 1p — n'p

inelastic scattering: final state particles differ from those in initial state,
‘ ‘ - 0,
ke in ' _) K \ hadron-hadron scattering,

100 -
. cross-sections are of the same
- y order with the geomeftrical
e i v i’} "cross-sections” of hadrons:
= i ' 4 assuming their sizes are of
E2aflheadl order
- ‘ 1 ,,nzt"
S 3 . 7
A J)"’ r=1fin=10"" m= = 30 mb
o b PN - A
2 L i g .
=] - iy |
S | tH : | N =L o
5 : | i:'.'" i - | events
2 L1 | ‘ . .
107" 1 10 o 1 Luminosity
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Cross Sections and Luminosity

» "fundamental equation of high energy physics"

N LO'G efficiency

(accepTance)
number / \
of events integrate production

observed
lumlnoswy cross section

(m2) (m?)

* luminosity: number per unit scattering area per unit
time
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Partonic vs Hadronic Cross Sections
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Complicated Collisions
V

’
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A simulated event in ATLAS (CMS) H > ZZ - 4

x10-12

pp collision at Vs = 14 TeV, 6, ~ 70 mb 5
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We are interested in processes with ¢ ~ 10-100 fb

L=10% cm?s’,
bunch spacing 25 ns

gmrm -
-

~ 23 overlapping minimum bias events /.BC

~ 1900 charged + 1600 neutral particlq"s
i

C

'.
Brave people have started to ( y
think about a Super LHC upgrade

toL=10%cm?2s'1ll
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Knowing cross-sections and number of nuclei per unit volume in a given
material », one can introduce two important characteristics:

nuclear collision length: mean path between collisions, /. = 1/nGi;

nuclear absorption length: mean path between inelastic collisions, /, = 1/ncj,g

At high energies, short-range nuclear interactions involve mainly
hadrons, facilitating their detection.

Neutrinos and photons have much smaller cross-sections of interactions
with nuclei, since former interact only weakly and latter — only
electromagnetically.

lonization energy losses

<+ Energy loss per travelled distance : dE/dx
Important for all charged particles

Mostly due to Coulomb scattering of particles off atomic electrons
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50.0 -H'l[\\_.vlr TT l-|-| ™ unnE T ﬁ1Y7r'rI Ttrl.nl T trllﬁ:l
>;\\afE/dxoc p-o73 n* on Cu
20.0 ' dE/dx « B2 I=322 eV
&
g Radiative effects ‘
’Tw 10.0 = become important =
E 50 : Approx Tiax 3
s : dE/dx without & L
g ;}{gﬁ_’:ﬂ 3 Mhilimum . -
"\ ionization P RS | .
g 20 foorrect { \ ) e 1 +— MIP particle
| 2\/"/ . Teur =0.5 MeV__
LO |- =0 ﬁ'?ﬂ 4. Complete dE/dx =
0.5 -“ul r- 3 |-1\|I 13 lllll‘ 11 1333 AI 1 111-11[ 1 llllll:;]
0.1 1.0 10 100 1000 10000

By = p/ Mc

Energy loss rate for pions in copper. At low 3, dE/dx is proportional
to 1/[32. At high B, dE/dx proportional to In(3)

dE _ 1_)_"3[,,,,((2"70
dx

Constants (characteristics to the medium)

n, is the electron density

i = f)N ,Z/4
dna’ti? -25 2 Mass density of the medi
D = = 5 7x%10 MeV em ass dacensity o ¢ medium
m

I is the mean ionization potential, /~10Z eV for Z>20

15



dE/dx and Particle Identification
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Remember:
dE/dx depends on B!



Mean Particle Range

MEAN RANGE AND ENERGY LOSS

Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon

Integrate over energy loss 1000 = 1 e 0%
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Cherenkov radiation

Charged particle moving faster then light : _
@=vk=vkcosd
c wsg=?=1 __1 - Cherenkov
Vautie > O OF bz By = . vk nf pie B21n
- A
(L:;);Tz{{:&’\'\c ' ) /’,j{ ({I \\ cos = i n=n(A)=1
ORI e |, "
\ '?§%f B, | 8, = cos (/)
\‘;70"‘@" ‘ '%|\| /
= '{S\d{;
2
Photon number ((il dlg = % sin® B, =~ 365 sin°6, eV 'em™
-
dE/dx 1% of ionization
Can be detected by PMTs dN .
- = 475 sin“ 0, foton/cm L=1
dx
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2. Energy loss in a detectable material
(in HEP)

19



Hadronic shower

/ Simulation in copper

Shower development by
strong interaction

An energetic hadron
interacting with matter leads
to multi-particle production,
these in turn interact with
further nuclei or decay (pion)

Multiplication continues until
the pion production threshold.

Space
L e_
Time
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Hadronic Interactions

' T
eh - 18
ABSORBER g e = 15F ﬂ
e f'.f” E ¥ covmpaorten I| I|
l"f””fﬁ!“fﬂ” __: .
i =10t /
ST L Non-em z New-® cenmponent I|
s -J i '-'.'.'lur-'f' "R = "h ||
0 _.----"'f"f7 | y I\\ ]
0 0.2 0.4 K] 0.5 1.0

Signal £ GeV farh. unis)

Hadrons create showers via strong interactions just like electrons and
photons create them via EM.

Mean energy of pion with initial energy E, after traversing material
depth A (interaction length): _ )V
(EY=E,e '*

Mean energy of electron with initial energy E, after traversing material

depth X, (radiation length): _ )y
X
<E > =Ee " °
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Xoand A for some materials

Material X, A

H, 63 52.4
Argon [18.9 [119.7
Iron 13.8 |131.9
BGO [8.0 164

Units of g/cm?

E.g., a pion takes ~10x the
depth in Iron to loose its
energy than an electron with
the same energy.

E.g. within the depth of X, in
BGO, a pion looses only 5%

of its energy, while an electron
looses 63% of its energy,

on average.
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3. Signal collection
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Scintilators (Scintillation counter)

Excitation and ionization creates scintillation light which are sent then to the
Photomultipliers (PMT)

Scintillatiors: crystalline ( thallium-sodium iodide [NaI(T1)]) or organic
(plastics)

Photocathode Dvyvnodes Anode
— 7 ¥ N = '
T I e
N
/ * Signal
Scintillator Light Guide Photomultipler Tube (PRT)
5
Conduction Band — — Na(Tl)
B A — Csl(Na)
9 s 4 — [CelMm)
k >
- ~ 53
§ / Ny S (
o =

3 l l =9 ¥~ Traps i /
iy} SRS I 2 \
Q c |3 O
= Q P =
e I 2| 8 Q // \
= Ca k= | ’/

L ‘/4 // N

O

200 400 600 800

Valence Band Wavelength (nm)

o



anorydainge scirnuiawrs

Some examples of scintillators

Scintillator Density Index of Wavelength Decay time Scint
composition (g/cm?3) refraction of max.Em. Constant Pglse Notes
(nm) (Us) height?)

Nal(TI) 3.67 1.9 410 0.25 100 2)

Csl 4.51 1.8 310 0.01 6 3)

CsI(TI) 4.51 1.8 565 1.0 45 3)
CaF,(Eu) 3.19 1.4 435 0.9 50
B, 458 15 | o020 [ 00006 5
BGO 7.13 2.2 480 0.30 10
Cdwo, 7.90 2.3 540 5.0 40
PbWO, 8.28 2.1 440 0.020 0.1
GeF, 6.16 17 300 0.005 5
GSO 6.71 1.9 430 0.060 40
LSO 7 1.8 420 0.040 75
YAP 5.50 1.9 370 0.030 70
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Photomultiplier tube (PMT)

Photo-cathod

electron

I

histo

«—— HV

Dynodes

500

400

300

200

100

0

<2p.e.>
2p.e.

histo

Entries 13500

Mean  9.964e+05
RMS  2.821e+05

0 500 1000 1500 2000 2500 3000 3500 4000

Typical gain 10° . In 200 ps

Analog signal

ADC

Digital signal
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(Hamamatsu)

Some examples of PMTs...

Multi-anode (Hamamatsu H7546)

-Up to 8 x 8 channels (2 x 2 mmZeach);
-Size: 28 x 28 mm2;

-Active area 18.1 x 18.1 mm? (41%);
-Bialkali PC: QE =~ 20% @ A, = 400 nm;
-Gain = 3 10°;

-Gain uniformity typ. 1 : 2.5;

-Cross-talk typ. 2%

max

Cherenkov rings from

Flat-panel (Hamamatsu H8500):

3 GeV/c n—through aerogel
0.6
04 |
ozt
-
E o
e
49.2:—
-.-14:_-
-uﬁ":;.ﬁ-l 1 I-Iiiil L ‘-ISJ'_E: L Jﬂl L |I=|.'IEI|.|.|'::I!"II...|..‘i:IIE
B, (rad)

(T. Matzumoto et al., MIMA 521 (2004) 367)

HS 2010

Measurement Techniques in Physics

2 .8 X 8 channels (5.8 x 5.8 mm? each);
.Excellent surface coverage (89%)

T

S ¥l D TR S 'ﬁ-"'
' "'.F_"'_.',-...J'..# - ¥
] A 1%4' 4
= ok ;li'h
e —

& |

Urs Moser LHEP



FOUR ANODE PHOTOMULTIPLIERS
FOR THE CMS FORWARD HADRON CALORIMETER

New PMTs advantages

Higher quantum efficiency that
enables better energy resolution and

long term use.

Multi anode improve the event
selection.

PMT Hit signal recovery based on
multi-anode hit information.

Thinner window will produce lesser
Cherenkov photons in the case of a
PMT hit.

(Background/nose elimination)

Has more protection surface
surrounds the PMT.
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Hybrid photodiodes (HPD)

|z Optical Window

Photocathode: i —

i 10 KV ' i
£ | }a h
- - .
L ' : : : .,—;r T Silicon: -Eh‘_h'_i_Lh'_
——___Bias Valtage of 100 ¥ I_I_ &5 I—rl 28
'i"-. across silicon
\\ M
Ground Ring Sigﬂ&l Out
E ach silicon wafer acts as
areverse diode
A0 o -
500 f | 7 7
: | ‘If.os?h77/25://34;/435/&22/609/éss/s:! /570 /eg’sv /ﬁ«-//'s' /ﬁs /1465 /H/J:E
i | Ea ! . EFE' | = ___‘ /,,’:f,,/
wl ||| = =
| .- O pnea e G e Bt
g 2000 | | I e e gl
: I | Eed =
1600 i | | I EE—
]
1000 iI | I| { i @ iR !¥ |
1 | I = ‘ { TR—_==
7 [l R EE" %ﬁ EFEEREEIN | =
500 | | . | ! ; 0 0 o W = ||
e SR | o
. HPD's are replaced by SiPMs in HCAL
Chasars nr
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Silicon Photomultiplier (SiPM)

« atftractive candidates for the
replacement of the conventional PMT

* high gain with low voltage and fast
response, they are very compact and
compatible with magnetic resonance
setups.

* Gain (6) is also similar to a PMT, being
about 10°

the microcells are read in parallel,

generate signals within a dynamic range from a single photon to 1000 photons
for a device with just a square-millimeter area.
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Sampling calorimeters:
Absorber+sampler

detector , Calorimeter
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Global Detector Systems

Overall Design Depends on:

—Number of particles

No single detector does it all...
—Event topology
~Momentum/energy — Create detector systems

—Particle identity

Fixed Target Geometry Collider Geometry

traget tracking muon filter U
T il
f B T barrel T

beam magnet calorimeter endcap endcap
(dipole)
e Limited solid angle (dQ) coverage (forward) « “full” solid angle dQ coverage

*Easy access (cables, maintenance) *Very restricted access
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TIdeal Detectors

N "’k.__ |
ee ,ep,
i *‘(%.‘ ' <= End products

{ e charged particles

e neutral particles
e photons

An "ideal” particle detector would provide...

Coverage of full solid angle, no cracks, fine segmentation (why?)

* Measurement of momentum and energy

*Detection, tracking, and identification of all particles (mass, charge)
*Fast response: no dead time (what is dead time?)

However, practical limitations: Technology, Space, Budget
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Modern detectors consist of many different pieces of
equipment to measure different aspects of an event.

Measuring a particle's properties:
- Position
- Momentum
- Energy

- Charge

- Type




Particle Decay Signatures

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

muons

Innermost Layer... P» ...Outermost Layer

Particles are detected via their interaction with matter.

Many types of interactions are involved, mainly electromagnetic.

In the end, always rely on ionization and excitation of matter.
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Modern Collider Detectors

® the basic idea is to neutrino

measure charged

particles, photons,

Jets, missing energy

accurately quark/gluf

jet

® want as little

material in the

middle to avoid

multiple scattering

e.m. calorimeter

® cylinder wins out had. calorimeter
over spher‘e fOf' muon chambers
obvious reasons!
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CMS calorimetry: ECAL & HCAL

ECAL: see Damir Lelas presentation

Silicon Strip Silicon Pixel
Tracker Tracker

o | Electromagnetic
she—a Calorimeter (ECAL)

Endcap
Muon Detectors

7\

Muon Detectors
Hadronic
Calorimeter (HCAL)

Superconducting
Solenoidal Coil
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A typical event

SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=119

dilepton (4/81) 2 leptons + 2 jets + missing E;
lepton+ijets  (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets

O |

lepton(s)

missing ET more jets
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I 1 I
Key:
Muon
Electron
Charged Hadron (eg.Picn)
— — — - Neutral Hadron (e.g. Neutron)
°°°°° Photon

Silicon
Tracker

) Electromagnetic
J\!" Calarimeter

Hadron

Calorimeter

Transverse slice
through CMS

. measurement of hadron jets and neutrinos
exotic particles resulting in apparent missing E;
¢ Counting jets, Measuring jet energies and angles

high multiplicity of jets

om m m

im 4m 5m 6m 7m

Superconducting
Solenaid

Iron return yoke interspersed
with Muon chambers

D.0wemey, CTRN. Februry 2004

Only Barrel region 1n this picture!!

Fundamental elementary particles in the Standard Model, their detection
in particular detector subsystems and a signature allowing for particle identification
in those subsystems.

* Use jets to estimate SM backgrounds , Vetoing events with jets Particle Signature Detector
« Measure missing transverse energy, u,c,t >W+b Jet of hadrons Calorimeter
d,s,b (4,)
e Searches for SUSY including the g
ey Electromagnetic Shower Calorimeter (ECAL)
e . i} (X,)
* “Simple” jet !(lnematlcs, sgch as the.Jet Et spectrum or Dijet mass VvV “Missing” transverse Calorimeter
spectrum provide windows into the highest energy scales at the LHC “ energy
W—u+v,
* Weak Boson Fusion production of the Higgs boson, where jets HT > pu+v, +v, Only ionization interactions | Muon Absorber
must be detected and well measured in the forward region of the 7> u+u dE / dx
detector and vetoed in the central region of the detector. chr Decay with ¢z > 100m Silicon Tracking
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z-y view of CMS

CMS Calorimeter (ECAL+HCAL) - Very hermetic (>10A in all n, no projective gap)

proton | a | proton
~» | HF- F+of —
o i b
|
I |
Return I .;} Muon
yoke n /" chambers

HB Brass Absorber (5cm) + Scintillator Tiles (3.7mm) Photo Detector (HPD) |n|] 0.0 ~1.4
HE Brass Absorber (8cm) + Scintillator Tiles (3.7mm) Photo Detector (HPD) |n| 1.3~ 3.0
HO Scintillator Tile (10mm) outside of solenoid Photo Detector (HPD) |n| 0.0 ~ 1.3
HF Iron Absorber + Quartz Fibers Photo Detector (PMT) |n| 2.9~5.2
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HF (Forward Hadronic Calorimeter)

Interaction
nt

particle
3470.0
N ‘ a4 a7 A, & a . .2 a ° < ‘4 a7 4 ?
atoe e 2 N\, Corcrete Shielding -« . g e T
. ) . el a "47 > a9 a ‘d g . . ) 4 d'd
Cherenkov ight :
R2150.0
. - 4
1600.0 T ® I L —200.0
y . 1175.0
ADSOILE 1300.0
1000.0 \\Rmm
f R125.0] N\
R250.0 1
; *)’*EEOO* J
e
1330.0 200.0 1650.0 290.0 |~
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Some pictures ..
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HCAL energy resolution

- o OSCAR245-GEANT452 (TB02)

- QGSP-2.7

- x OSCAR245-GEANT452 (TB02)

- LHEP-3.6

— ® TBO02 Data
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 50 100 150 200 250 300

Pion Beam Energy (GeV)
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comments in HCAL

Primary purpose of HCAL is to identify the
jets from quarks and hadrons.

More than just single particle responsel

1/3 of the hadronic shower is in EM energy
because of piO decay to 2 photons.

Want a "compensating” HCAL.

Only stable hadrons and muons reach the HCAL

44



“Compensating” Calorimeter

Due to isospin, roughly half as many neutral pions
are produced in hadronic shower than charged
pions.

However, only charged pions "feed” the hadronic
shower as piO immediately decay to di-photons,
thus creating an electromagnetic component of
the shower.

Resolution is best if the HCAL system has similar
energy response to electrons as charged pions.
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. Central Barrel (HB) is 9 meters long,

one meter thick and 6 meters in the
outer diameter, consisting of two half

barrels of 18 wedges each made of brass
and scintillator, with WLS readout.

The two End Caps (HE) are also made of brass
and scintillator, with a diameter of 0.8 to 6.0 m.
and a thickness of 1.8 meters.
* HB and HE are inside the 4-tesla
solenoid coil and have a n-¢ segmentation
of 0.087 X 0.087, except near n = 3.0,
where the size of the segmentation is doubled.
The depth segmentation for HB is one unit while
for HE from one to three.
. The two forward calorimeters (HF)
are made of quarts fibers imbedded in iron
cover the n range of 3.0 to 5.0.
*  Central shower containment in the region
In| <1.26 is improved with an array of

CMS HADRON CALORIMETER (HCAL)

HE BOX{2pgm deep/, (2//99/59

qrientdtio

1 7 7 7 7 7 7

ll,.DB?,{174/.l261 /343 /[435 /%22 /éog /égs /‘is: /a/?o /@67
|| J I i P i i

scintillators located outside the magnet in the outer barrel hadronic

calorimeter (HO).

. ~10K channels, Hybrid PhotoDiode readout for all but HF (PMT)

e 100 “Calotower” for 0.5 Jet cone radius

46

46



HCAL tower mapping (before upgrade)

Pseudorapidity
7 = —Intan(6/2)

16 | I
15 |
141 T MEGATILE 2
B —— / OPTICAL
n o sorlos  CONNECTOR
5 S I A S S Y
s I T S S S S S S S ﬂ
7 S A S S S S A S A
: S S S S S S S s ’
4 17 7 777 7 7 ‘,
3 {1 1 7 7 77 , -
2 T A S S S A A Z
! I S A Y A A S S ]
0 1 1 7 7 17 7 7 7 77 —=
A schematic view of the tower mapping =-
] .
%- - |

in r-z of the HCAL barrel and endcap rogef
z-axis polar angle ¢ 1%
(Layer 0) 9 mm Scint/61 mm Stainless Steel

(Layers 1-8) 3.7 mm Scint/50.5 mm Brass

ETA RADIUS(mm)
2.853 1300.0

(Layers 9-14) 3.7 mm Scint/56.5 mm Brass

(Layers 15+16) 3.7 mm Scint/75 mm Stainless Steel /9 mm Scint
Numbering scheme for the tiles in
adjacent scintillator trays.

2.964 1162.0

3.139 975.0

3.314 818.0

-x axis is horizontal, pointing south to the LHC center.
-y axis is vertical pointing upwards.
- Z axis is horizontal pointing west.

-sign of eta=- sign of z.
theta=0 is +z axis, theta=pi is -z axis

3.489 686.0

3.664 576.0——

3.839 483.0

4.013 406.0——
4.191 340.0——

4.363 286.0—
4.538 240.0——
4.716 201.0——

4.889 169.0
5.191 125.0

azimuthal angle ¢  2-y plane

phi=0 is +x axis, phi=pi/2 is +y axis, phi=atan2(y,4)y

The r- ¢ view of an HF wedge (at z=11.2 m) 47



up grade

HCAL HO

4 depths

\\\\A\“\E\Cﬁ\\\\\\

(except
16.)

20
2

24

27
29

16

No 149 2008

HCAL — HB
HCAL
HE HB: 9072 channels
18 wedges (20Y)

16

- 1 RBX {4 segments (5°)}




HO is located in all 5 barrel wheels of
CMS and is split in 30 in sections along
the Z-axis (beam-pipe).

In the transverse plane HO consists of 12

sectors a 6 trays and is split thereby in 72
I sections.

Each in — i¢ tile is read-out by a separate
channels making 2160 physical channels.

In addition, some readout modules [RM]
have several "dark” channels for noise
measurements and calibration.

Each of the 2376 channels has to be
tested.

iphi = 17 - 22

Figure : Layout of all the

HO trays in the overall
CMS detector
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installation of readout and service cables between UX5 and
underground service cavern (usc55)

HBHE crate

CMS HCAL 42f09 / bottom
5 |\ Phi=250-290

HV lines to USC S2C

DCS lines to USC S2C

HV lines from
splice boxes
YE1+ near side YE1+ far side
RackX4J31
~220Vlineto ~220VTine 1o
turbine turbine
=
. Cavern (UX5)
~3 phase 380V ~3 phase 380V
line to ACDC line to ACDC
converter converter
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QIE
Fermilab ASIC -done

CCA (channel control ASIC)
Fermilab ASIC -done

GOL (gigabit optical link)

4200 good chips from Engineering Run wafers in hand

(charge integrator and encoder)

HCAL readout electronics

Data Concentrator|

Up to 18 HTRs per
HCAL Reagout Cratq

IXEXX)
I I I 16 1600Mbit's fber per
HTR

LEVEL 1
DOUFED TRIGGER
1 25335
s asivs miiliii
| T IL1 Accapt
Located in Readout Box (RBX) on Dete~tar |
). p t‘ *
CONTROL MODU! Ve i
Q40 M2
= g

A

Shield Wall

CCA

4 Mbit's

A
AN N Y A N A A\

CCA
X ]
\

A
AN

HPD

N

Fibers 21 8Gb/'s
3 QIE-channeis per hber

12 HTR,
2DCC
per crate

signal from the

analogue
HPD/SiPMs or photomultiplier

QIE

> digital signal by
and

EChar' e-Integrator
ncoder)

QIE ->Gigabit Optical Link
(GOL) at a rate of 40 MHz
and  fransmitted to the
counting house (USC55) ->
HCAL Trigger Readout (HTR)
board, containing the Level-1
pipeline.

The frigger primitives are
sent to the Regional
Calorimeter trigger (RCT) via
Serial Link Board mezzanine
cards. =X}
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DAQ

ECA

=&
energy energy

L
energy

trigger \Il

16 crates, each with 1 fanout, 2 DCCs, 13 HTRs
HTRs and TTC fanouts in thetrigger path

primitive (o . vional - Receive data from the FE and Jls_u‘r it in a pipeline
data CalgTri o - Generate a Trigger Primitive (TP) for the data and
9 | send TP along the trigger path
. ?g;;t - wait answer from Global Trigger (GT).
gmip - If it gets a L1A, send data to Data Concentrator
Global bits Card (DCC)

baneaneacanes ) - Otherwise dump the event
input Cal. Trigger
data
trigger l
e TRK ECAL
"'(Global TriggerHTTC System HCAL MU }
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Triggered read-out b=

_ _ _ Interaction™ate | CALO MUON TRACKING

e Trigger processing requires some data Bunch crossing
fransmission and processing fime to make LEVEL 1 Hodow,
decision so front-ends must buffer data during " =
this time. This is called the trigger latency ——

e Forconstant high rate experiments a Regions o nerest | [ ][ 1[” ] ropy ™"
“pipeline” buffer is needed in all front-end LEvEL et ters
detector channels: il s
analog or digital [_Event buiider ]

1. Real clocked pipeline (high power, large area, bad for RO
and | S g ) EV.I.E :‘;(JFII-ILZTER p:ocleless:rn é:b—f:arms
2. Circular buffer
3. Time tagged (zero suppressed latency buffer based on _
— time information) ata recording
|

naRing—— Cons’rOﬂT%ﬁ’ring
N Y i N O
Ll iy
T TTT S
T T T T T (:B — ADG— DAQ
Trigger — > !
3.
C
X
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Eta vs. Phi MPV
CMS Preliminary

14 12 10 -8 -6 -4 -2 0 2 4

| Dt<->HB phi correlation |
70— -
00 | R43434, 100k events, all triggers 2%
L O Track going thru inner and outer HB  _.==" 18
'_E so— E_HCAL(tower)>8 ADC.counts - == . 16
o = 14
40— = :
= 12
30— 10
20 g
- 6
10:— A
0: nollnnnolloonoonllomnnoolonoolaenllonaeals 2
0 10 20 30 40 50 60 70

Phi DT

MPV [ADC]

HCAL calibration works...

-+ ADC spectrum (TS1+TS2)
| ADC spectrum (TS1+TS2) | Dot e
25000 Mean 5.616
B RMS 1.027
20000
E
15000—
Ol
5000(—
BRI ok | | e A {Bervarisd | 1
o( 2 10 12 14 16 18 20

Signal from 1 channel in 1 bx

|Sourcing vs Cosmics (HB- bottom) |

09
0.8
0.7
0.6
0.5
04
0.3
0.2
01

E_ Sourcing

E_ Cosmics

-

E H | =] O =
= 8 8 -

Phi
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Another example:Cosmic Muons in HB

| Run 30478:

HB occupancy, E>5fC |

HB occupancy > 5

70

Phi

50

Entries. 13411

20;—

m
0

flux
BOTTOM wedges

_~JOP wedge

HB Top Timing

[ rup-36478: HB Timing\ |
\

Entries

350

300

250

200

150

100

50

III|IIII|lIIIIIIIIlIlIIlIIIIlIIlI

Mean
RMS

6482
4.749
1.032

" Time Slice (bx),
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Calibrating detectors with a

well known particle 1n test beam

o
.p.

2
w
o

o
w

0.25

YY pairs / 0.005 GeV/c?
FD
N

o
—
(%)

©
—_—

0.05

Distance [m]

x10° CMS prellmlnary Data\s =7 TeV

| T 1T ‘ T T ‘ L ‘ L | L J:
- ECAL Barrel
E_ c=10.0% _E
F S/B,,.=0.80 ]
EI | | I | ‘ | T | ‘ | I | ‘ | I I | | I I |E
0.05 0.1 0.15 0.2 0.25 0.3

YY invariant mass (GeV/c?)
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CMS Global Runs

turning set of commissioned subsystems (HCAL, Muon, ECAL, Tracker)
into fully intfegrated detector

5 Detector Participation in Global m

Extrapolated into

Fraction of Live Front Ends in CMS Global Runs HCAL (central layer) |
Using 40% of non-tracker FEDs during GRUMM

——DT

—a—CSC
HB towers (1 thru 16)
___]|——RPC

—=—EB
DT Sector 10

——EE
——ES

£ ----|=B—HB

—8-HE

Fraction

~==HF

—0=—HO

Strips

booo. 100% by May

o N ) L * < - \
MTCC  GREM GREJ GREJ GREA  GRES  GREN \ GRUMM

Global Run

acosta @ phys ufl edu 2

Eta tower




o

=

il

il

3 P
View from minus to plus side
M
HB15 .
| DTAnalyzer (RecoLocalMuon/DTSegment)
T__.-/ s —
o - e
] - Sy ®m
- =
- ma
E .
3
= F—— v -
% o
14‘1 HO Phi= 53, 54, 55, 56, 57, 58

| Dt phi angle distribution (DT trigger only) |

Iot phi angle distribution (DT trigger anly}

Entries 3279

140

-Reconstructedhi, in degrees

Mean 0.2014
RMS 22.39

DT muon
Extrapolated into

HCAL (central layer)

HQAL/DT geometry

DT track distributions (r43434, DT trigger, 10k events)

Require muon in to cross single phi
Sum over all eta’s crossed

HB towers (1 thru 16)

9

| Dteta angle distribution (DT trigger only) |

[t eta angle distribution (DT trigger only)

10

Entries 3279

0
econstructégheta, in degrees

Mean -5.825
RMS 25.37

8
wF-tracks fracks
80— 60—
sor 40:—
40:— B
20— -
:1 cal 4o WUy L L1 L1 L PR PO | q_ Ll a4 fnn
f00 80 60 40 20 0 20 40 60 80 100 -100 100
59

59



£
=)
Q
an
3+
9
-
O
i -
55
=
-
S
-
O
| 3
=
S
O

€, muon or pion beam

eMO

sJajunon
12661

SN0 _» 4

oleH weag
o3 N

[

IIBM O19A UoN\ _——
——

3+Q OM |

¢cl

—K-&

s ©

8GeV/c |-

— U044 018/ UON\

laqiosqy

)oeg 018\ UON|\ —

= =
= = =
S1USAJ JO JagquIiNN

10%F

e 011

12 16 20

Eta tower

8

(Di/N\eH) uoneiqied

60



Particle flow
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CMS Preliminary 2010
\'s = 7 TeV, DATA

Neutral hadrons
-.--_I.-_-___---._-..-

Photons

Charged hadrons

Anti-k. R=0.5
P > 25 GeVie

PFJetn

Using "best measurement” of
each component

Charged tracks = Tracker
e/photons = Electromagnetic E
calorimeter

Neutral hadrons from HCAL

Critical points:

Very fine granularity
Confusion due to shower
overlaps in calorimeter Very
large number of channels

61



.—.*; B "'.‘ﬂ

"4 N
S v |
.




