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for LHC experiments
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LHC requirements

ATLAS and CMS LVL1 trigger strategy

= Calorimeter trigger
= Muon trigger

Some notes on LHCb
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Proton - (anti)proton cross sections

p-p collider Vs= 14 TeV

108 |- | : _l__,ir_‘ ___I_!__ - 1108 Bunch crossing rate 40 MHz (25 ns bunch
Lo N I spacing)
i Tevaron  LHC = 80% of bunched will be filled, effective bunch
108 crossing rate 32 MHz
10 | r;-“ Two luminosity scenarios:
i L~ 5 = Low Luminosity: L=2x1033 first 2 years after
—— SL start-up, 10 fb-1/year
102 - = High Luminosity: L=1034 100 fb!/year
g r P y
© 10 B ﬂﬂﬂmﬁﬂwi P 100 & Average interactions per bunch crossing:
B ; _ i 17.3 for HL and 3.5 for LL
102 ><: 1402 E = 10° Hz collision rate
h i P Total non-diffractive cross section ~ 70 mb
v 1™ Huge range of cross-sections and rates (HL)
i B production 0.7 mb - 7 1076 Hz
106 ] 1106 = W/Z production 200/60 nb - 2/0.6 kHz
T BRI ETTT I A MRy i) = Top 0.8 nb - 80 Hz
01 1 10 = Higgs (150 GeV) 30 pb - 3 Hz

/s [TeV]
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Objects Physics Measurments Trigger chains
Higgs (SM, MSSM), new gauge bosons, . .
electrons extra dimensions, SUSY, W, top €251, ZelSi
~20 kHz
photons Higgs (SM, MSSM), extra dimensions, SUSY v60i, 2y20i
Higgs (SM, MSSM), new gauge bosons, . ~
muons extra dimensions, SUSY, W, top u20i, 2u10 10 kHZ
Jets SUSY, compositeness, resonances j400, 3j165, 4j110 —200 Hz
Jet + missing E; SUSY, leptoquarks j70 + XE70
Tau + missing E; Extended Higgs models (e.g. MSSM), SUSY 135 + XE45 ~500 Hz

Selection is based on inclusive high pT physics, with low multiplicity (single/di-objects)
m  SM physics overlap with Tevatron and “known” NP (MSSM)
m  Sensitive to unpredicted new physics

Allow reasonable safety factors in the accepted rates to account for physics (cross-
sections, cavern and other bkg) and detector (performance) uncertainties

Must ensure rates for monitoring and calibration/energy scale
m Instrumental and physics bkg (cavern and others not completely known)
m Detector efficiency from data
m Selection algorithm performances
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Allocation of bandwidth across different objects 1
m Equally divided across e/y, mu, tau-jets and comb-jets i g
= SF=3: Low Luminosity 4 kHz/obj, 8 kHz High Luminosity oe +r;-,rr,'fﬁ;v
= EETRE Y
| nnnn
Turn-on curves: effective requirements on pT defined - *° | r|||rrl rl I
as the value at which L1 trigger is 95% efficient £ o4 Ihrfr.p“r'“
L . . 0.2} |r;|ffr'rflﬂ;f 10
Determination of thresholds for single/double objects /} *"Jz"f
= Optimal operating point must be chosen in the single vs O St ,u“;;'zﬂ R YR
double space at given rate. Based on efficiency Electron Pt (GeV)
optimization (e/mu/tau, no jets)
< 25 100 - — = !
8 £ || _Scan(397,16.7)10(330203) |
:é t."as:_ AllZ '-nﬂ.ﬂ... K%taﬁng
=2r " Zvia double “*"ss, °
g : a
:; & = et - Example for e/y trigger
15k _ using W->ev vs Z->ee
85 fLeveli rale =8kHz|
- 10%em s '
155.‘..311.-.l....l..;-l.....

35
E, L-1(95%) single(GeV)
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Trigeer Threshold Rate Cumnlative Hate
Gl oor GeV el (kHz ikEz)
inclusive isolated electron/ploton 20 3.3 33
di-electron/di-photon LT 1.3 43
inclusive i=olated muon 14 2.7 70
di-muon 3 0.0 70
gingle T jot 26 2.2 101
di- T -jet: 50 1.0 104
1-jet, d-jet, 4-jet 177, 86,70 3.0 125
jot. * Bp e B8 * 46 2.3 143
electron * T-jot 1G9 * 45 0.5 151
minimum bias (calibration) 0.9 160
Total.  Low luminosity trigger table 160
Trigger Threshold Bate  Cumnlative Hate
(GeV oor GeVicy  (kHzi ikEz)
inclusive isolated electron/ploton 34 6.5 65
di-electron,/ di-photon 19 3.3 04
inclusive i=olated muon 20 6.2 156
di-muons 5 LT 173
single T-jot trigger 101 5.3 226
li- 7 -jesls a7 S0 250
1-jet, 3-jeta, 4-jets 250, 110, 95 3.0 267
jet, ¥ ERp 113 * 70 4.5 304
electron * T-jet 25 * K2 1.3 317
muoa ¥ r-jet 15 % 40 0.8 325
minimum bias (ealibration) L0 335
Total. High luminosity trigger table 335

-

=

Anar Fahlac
| CGA RN INGD

Thresholds at which
efficiency of the trigger il
959% of its maximum value

1 kHz allocated to
minimum-bias events
which will be used for
calibration and monitoring

Only muon trigger has low
enough threshold for B

physics (B->uu)

CMS latest results dec. 2006
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LHC Level-1 systems requirements

Rate reduction of 104-10°

Data identification with Bunch Crossing Number (absolute synchronization)
m Logic decisions are taken by custom hardware systems (FPGAs and ASICs) @40 MHz
= Data held in pipelines, with a fixed latency
m Fast dectector responses and data movement

BC identification is crucial

Redondance of selection criteria (“trigger menus”) leads to high trigger
efficiency and the possibility to measure it from the data

Must be sufficiently flexible to face possible variations of LHC luminosity, one
order of magnitude at least

m  Event characteristics vary with luminosity, due to changings in pile-up, so it's not a simple
events rescaling but events with different number of muons, clusters,... must be managed

LHC bunch structure

950 ns
72 BUNCHES (38 MISSING BUNCHES)

26 ns DISTANT 200 ns 2.975 us

975 ns
(B MISSING BUNCHES) (39 MISSING BUNCHES) (119 MISSING BUNMCHES)

| |
[T rﬂﬂ TR !TITI ENARTRINNNIRRNINNR

88.924 us

1 3564={[(72b+8e)x3 + 30e]x 2 + [(72b + Be) x 4 + 31el} x 3 + {[(72b + 8e) x 3 + 30e] x 3 + 81e} T

Bunch 0 Bunch 3563
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TTC system pisTRIBUTION o

% $ Tng er 1acceptance
LHC Clock Addressed
Dava

- Control signals
ENCORER Broadcast

-Addressa Ie data
L1 Accept
GLOBAL TRIGGER ¢ Controls

- Bunch crossing number

=3us
latency

I 1:32 TREE COUPLER I |00p

LOCAL
TRIGGER

OPTICAL DISTRIBUTION BACKBONE (> 1000 fibres)

PRIMITIVE e
GENERATOR LJ'

CONTROLS TIMING
RECEIVER | iTaG
LEVEL-1 FRONT-END
COMPENSATION of: ) oL

ticle TOF programmable delays

- Detector and EIectronlcs x
- Propagation delays (= 200 ps)

Detector timing

adjustment . {H' 1

<+—Particle
Test signals

Total latency
@ of the order of
128 BX

'| Global Level 1 |

1

RF 21 e TTCrx

Controls —
T — 99—

\/

10° readout links

10000 TTC links and FE systems Readout

. Signal-Data coincidence @ Programmable delays (25ns units)

|:| Layout delays (cable, electronics..) (J Clock phase adjustment (~100 ps units)

signals propagated in all the system (TTC system)

= Bunch Crossing Number

= Level 1 Accept Number
Synchronization

= Detector pulse w/collision at IP

m Trigger data w/readout data
m Different detector trigger data w/each other
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Magnetic field structure

m  ATLAS: 2 Tesla solenoid + Toroids (barrel + 2 end-cap)
= CMS: 4 Tesla solenoid

Muon system
=  ATLAS: air-core toroid, minimizing MS, fast dedicated trigger detectors (RPC/TGC, 10 ns)
= CMS: focus on high bending, instrumented return yoke, 2 independent trigger systems
Calorimetry: sampling/homogenous
Trigger architecture
m  ATLAS: minimizes data flow across levels and use of multi-tier Trigger/DAQ architecture

= CMS: invests on commercial technologies for processing and communication (Terabit/s networks)
MUON BARREL CALORIMETERS

Drift Tube ECAL Scintillating HCAL Scintillat :
Chambers (DT) PbWO, Crystals brass sandwic AT I;Lﬁ)gm (A TOI’OId&' LhC ApparatuS)
‘- ) . . I //\ Electmmagnet;i Calorimeters
T 1 F i g ' 73 T g \'\. I“:\'\ Forward Calorimeters
= Resistive Plate LR R A I \ \ i\ /
Chambersl(FI C) 4 —— \ \ 4 // End Cap Toroid
— e
’ e IRON =
Y OKE o
=
SUPER A
coiL = :
TRACKERSs ¥
Y } — v ﬂ_
i H Weight ) il V I
E % 70%% ¢ U Inner Detector Hadronic Calorimeters ‘ Shielding
15 «F < MUO < . >
Pixels ENDCAPS Hrigs
Silicon Microstrips Cathode Strip Chambers (CSC)

Resistive Plate Ghambers (RPG) F.Pastore IFAE 2007, Napoli 12/04/07



ATLAS/CMS: Trigger overview

Different division of resources for processors and bandwidths

Interaction rate
~1 GHz

Bunch crossing

CALO MUON TRACKING

Pipeline
memories

Derandomizers

Regions of Interest | | | ?F?gdn :]ut drivers

Readout buffers
(ROBs)

Event builder

Full-event buffers
and
processor sub-farm

Data recording

~10 ms

EVENT FILTER

200 Hz

< 2s >
Rate

ATLAS: 3 physical levels

Region of interest: 2/event

Level-1

Hardware

High Level
Triggers
(HLT)

Software

1 MB
(1 TB/day)

Event:

Detectors

40 MHz

Front end pipelines

3.2 us
Readout buffers
(200 GB each)

- Switching network

(Event builder)
500 Gb/s

Processor farms

~100 Hz

(Event filter)

PetaB archive

CMS: 2 physical levels

HLT partial event reconstruction
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ECAL:Liquid Argon  Barrel: RPC

HCAL.:Tile/LAr Endcap: TGC
Calormeter Trigger
gEEfT dot || EM
. Sk 4/_', . CTP makes the final decision based on
1 1 - g - -
o multeplicities, using pT thresholds and
lobal ener iabl
Cenftral Trigoer 9 gy varia . s .
( Provessor )— Accept calo+muon region-of-interest of
| Fegions of each candidate found and their multiplicity
[T""”‘”?J uhasen hires: 256 trigger items, combinations of one
control distribution . .
or more trigger inputs
* ¥ _ The dead-time generated after each L1A
Front-end Level-2 Trigger can be specified for each item
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CMS levell triaaer
-t 1 1 I N ¥V ol e | ) | l v A\l |
ECAL: lead-Tungstate Crystals
HCAL: sc+cupper absorber plates . .
HCAL Forward: sc+steel absorber plates The Global Mug'rc]l 'I:crlggfer rec_elves 4
muons candidate of maximum p.,
: selects the best quality candidates
Barrel: Drift Tubes . —
EndCaps: Cathod Strip Chambers (n.of hits, matched track segments,
Barrel + EndCaps: RPC (for BC identification) responses by the 3 detectors )
AnxA¢ = 0.35x0.35 rad
9 Calorimater Trigger MUon Trigger The Global Calorimeter Trigger selects
~ I-{HCAL‘E;AL RPC CSC [g the best 4 e,y (separately single and
™ o not), t and jets. It calculates the
W eglonal loca =Y
> CaloRiaier trigger total E; and the E; missing vector
= Trigger Pattarmn
% fcomparator DT Track _
- Clobal trigger Finder | The Global Trigger
- Calorimeter Accept calo+muon sorted trigger
N v -
% MIP+ Q\M AL du objects
o Quiet bits _ Synchronizes matching sub-systems
g Global Muon Trigger data
'ﬂ.:' -
- . Computes up to 128 trigger
= e‘r"’ , Er, miu’“ . ]
2 ), En By A‘ith e h algorithms in parallel
=N Global trigger objects includes eta-
4 L1 Global Trigger phi position, used by HLT to start
reconstruction

max. 100 kHz L1 Accept v
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ATI A/CMS Falarimaotrar Frinaaoar
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o In CMS: on-detector electronics digitizes
LA 1atenB LLag) i analogue signals, trigger towers formed off-
Calorimeter signals y (tr;ﬁef%o;gs) 9 9 ! 99
* FoogeR ungr] N e detector by digital summation
It Fipeling H o In ATLAS, before digitization, a weight is
(every 25 ns) | (analogue) 1 I_ Hedent applied to the pulse over bins of sinTheta to

Digitisation
Calorimeter signals " e .
New CMS scheme (ECAL)

“DSP”
BC clock _, i Pipeline I Readont
{every 25 ns) | (digital)
Digitisation > Tri
(full granvlarity) | ngget

Dngital X for trigger

Peak finder for BC-identification
ET conversion using LUT: 8-bit ET, scali
linear up to 255 GeV

Dedicated processors apply the algorithms,
using programmable thresholds

Sliding window technique to find
candidate tower

Et is the sum of ECAL and HCAL
contributions, in order to provide sharp
turn-on curves with the true ET of the i
particles

nal
)

L=

produce the approximate ET value (dynamic
range of the energy pulse is reduced, 10-bit
precision)

358
Jild

183
1

=3

NELEEEE

Tm

TileCal and LAr signals af frigger

3 _ = '

iu.i'- ilvll:- ] .

fﬂj‘- o %I-If— r"l Pl i
F ml; 4 7 1

&=t L s e

£ J R 5
o ! [y e |

Pulse as digitised PPM 1-ns fiming scan
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QON~NOTON O®O @~ W T MO o @
SorA®Od N 6 KN ® O S = N B @ ®
oOoococoCco o OO0 O O o - - - - -,
I mmmn I 11 [ 'II_ 1l 1] 1l 1} Pil
———————— — — — — i T — — i — i — =~ — s = W n=1.5660
1,2.3'4/5,8/7,8 9 710 ¥ 12 13 14 15 16 17 18 19
_______ = ; s n=1.6530
: : ' L 20 1=1.7400
21 11=1.8300
22 11=1.9300
23 11=2.0430
24 1=2.1720
25 1=2.3220
% 11=2.5000
27 1=2.6500
% 11=3.0000
10-bit sarial linka:

400 Mbit's (~10mj)

Scale & E £ c
0 o5 10 8 g g 2
To RODS el & o 9 &
oAg Segmentation (4176 trigger towers)
,,,,, Barrel: 5x5 ECAL crystals towers An X A
s | o deckplene = 0.087 x 0.087
A I— EndCap: growing eta dimensions : 10 to
-+ R B (Level-2) 25 crystals per Tower
Trigger HCAL: follows the ECAL geometry
HF: wused only for seamless jets and
ATLAS missing E,, coarser segmentation in ¢

~7200 projective trigger towers
Trigger towers An x Ap = 0.1 x 0.1
ET summations: Acceptance coverage:

In|=4.9 (FCAL)
32 threshold bits + 3 multiplicity bits F.Pastore IFAE 2007, Napoli 12/04/07
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CMS: e/y trigger

3 x 3 trigger towers sliding window

ET of the hit trigger tower is the sum of
central values + 4 highest neighbors
Isolation: 2 separated streams based
on longitudinal and lateral shower
profile:

= “fine-grain” FG veto: strip structure
inside the tower (1x5), highest energy
strip >90% of the total energy. Noise and
pileup contamination to 2%

= Ehad/Eem < 5%

Sliding wincow centered on all

ECALMHCAL trigger tower pairs

Candidate Energy:

MaxE ofd

Max Neighbors

-
S| Ht+ Max

E, = Threshold

Expected rates at Low and 0.087 1
High luminosity, with different
Singhe esy Efficiency . .
isolation cuts
g 10 % - 103,
g 1 g, _— E | Level-1 Sﬂ;gla e.m.
& 0 Toea™ * : 2x10>%/em?/s
i 4 e A
B ===eer Aftpr FG + HoE
g [ ¢ —— Afier isolation
[ w30 - 107
[ N £
16 |- ,E =
i ; % =
B m
04 - X 1 R ST W R T 10
S i
[ + AR fatisei Al s34
o A TIPS P TR TR TS BT TP TP ¥ 20 25 3|5 4I0 45 120
1] i 20 a0 g0 &0 B o an 9 10
MC s Eq Level-1 E_(95%) (GeV)

25 GeV cut: 95% at 31
GeV, 1.9 kHz expected

Level-1 Esir'ugla e.m.
10*%em’/s

|

| | === Atter FG + HoE
——— After isclation

ol

P4 PP DTE S0 (I S TN N TS

30 38 40
Level-1 E.(95%) (GeV)
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Rol Core

Moliere radius in
lead ~1 cm: e/g
leave energy in one
tower. Cluster
energy in 2
contiguous towers

Isolation

e/g and tau/hadron trigger
rigger towers An x Ap = 0.1 x 0.1
Acceptance coverage: |n|=2.5 (ID and LAr)

16 thresholds:
o Cluster Rol: 2x2-towers region (EM+Had)

a

a EM Isolation: Energy in the 12 adjacent cells
< threshold

F 1
- o —e———

e B g T 7
e + - + + e e
D.88 -
0.86 + -
0.84
0.82 I~
%3 F] 15 1 0.5 o 5 1 15 F &5 0.6 EE

L

= i i

088 i
peoE e _|_+_|_ + i
saE —r—— -
O.SZE— —— . . ET - +
ET EM25i trigger 02~
B - R NN T X L

.IM: uﬂ‘ 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
0.99 electron pT (MaV)
0.98 .
0% . , Single e 25 GeV: 96.7 %0, — 6 kHz
e e N i ML @
0o
0.91
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CMS: Jet ~Yala tau trigager
- J | & | & 1 Iw\al

12x12 towers sliding window

Central ET greater than 8 neighbors and over

- m— - Trigger [T ]
| I ] i—l. ol a?ower
1
|
|

threshold to suppress noise

Tau vetos pattern: narrow clusters from single and

HCAL |

3-prong decays of taus, with charged pions deposits

in the HCAL (distinguished by electrons) % ECAL

An.Ajp =0.348

< Crystal
- AnAd = 1.04

Leow Lurninasity Jet Trigger Rates {|n|<5} QC0 Jet Efficiency |n| <8

Low Luminosity Taw and Jet Trigger Rates

2
&y =, LRGN 150 TRGA 4
é i P mirdnnum bl
. ;'f i L= e 6
vl | 2 ¥ -Tau Tagged Jet
-8 Y | ® & Z-Tau Tegged Jet
3 N w | ® s (RS
. S - W 2-Jet {n|<6}
B &
vy . -
oh N fte
L .. LI § CRGIM 120/ 5RE4 45
04 b n st e bias)
L i Ta e A L = 210 o ™ 1
| Ya - * -t Ey > 120 G i
| & 2 E, 3 Gt
oz b - e By 501 G
[k L : 4 By = 45 QY
n ¢
o 18 125 (1425
L L 'l L 1 L D L 'l L L f
@ 26 B0 75 A0 & 1M 175 0 a6 2 0 i) 0 150 2 250 300 10" .
Calibrate d Trigger E; Cotoff (Geb/) Calibrated Hadron Level Jet E, {Gel} L mCaEg;:agz'i?riggt:raE 'gmué?agvi’fﬂ
.
Single jet at 120 GeV: 2.2 kHz, 95% @ 143 GeV . .
gle ] ! @ Single tau at 80 GeV: 6.1 kHz

Dijet at 90 GeV: 2.1 kHz, 95% @ 113 GeV
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ATl AS* Jet tri
I\l L/ \WJi: J\.U LIl I
S Acceptance coverage: |n|=3.2 (endcap)
8 thresholds:
g St e = o Jet Rol: 2x2-towers region (EM+Had)

rate foreseen on L1: R ~ O(100) Hz ¢ I
. ) o ] AAAA i
choice of Level 1 thresholds and z I ‘ P
prescales under study fos ‘ i/
m distribute rate as equal as possible f m/ / f
among the jet E;-spectrum v 0.6

o
N

m keep the thresholds as constant as - 60/104 14£ ZOO/f

possible through runtime-> — /

adjustment to increasing luminosities N f f
by prescales 0.2~ | [

rs
u Fay

o . A
D—dmﬂEmAnwﬁAAAnaaﬁ
L I

L 1 L L L L L L L L L 1 l 1 1 l 1 1 1 1 1 1 I
0 50 100 150 200 250 300 350
ET,Reco [GEV]
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CMS: transverse E trigger =
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o B

ET and missing-ET triggers use the transverse energy sums (Em + Had) computed in
the calorimeter regions, defined by a threshold and a prescaling factor
The HT trigger is defined as the scalar sum of the ET of jets above a given threshold
(typically 10 GeV)

m Less sensitive to noise and pileup effects

= Can capture high jet multiplicity events (fully hadronic top decays, hadronic decays of squarks
and gluinos), with single jet energies below the jet-trigger thresholds

Quiet and MIP bits used by the muon trigger
= Quiet: computed when ET in the calorimeter regions are below a given threshold
= MIP: Quiet + at least one HCAL tower with fine grain bit ON

Missing E; trigger rata im_msugrad Calibeated Mssing E. Efficiancy

i)

£€Z [ ]

= - LS 1 S0, 4
1]

Efficenoy

|\.¥H‘|ml'r|'||r|h.'-,'|
L = s o ¥ g™

1 - L L L L
: *"e?
8 nchuding EB-HBEE-HEHF : +

I

0 =

10

Nt

i 0 40 IR L+ 1III|3' 1600 B0 250 3G 350 40
Eﬁ'lbrﬂtﬁd Lewal-1 Missing E; Cutaff { Gl Ganarated Missing E; (GalV
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ATI AS/CMS Muon triaager
IV bd \WJ) Nl I 1 TUAVET L Iﬁ_ﬂ\al
e, 1.04 RPC etaz0.8 e g = e by
xx‘%-.-_,_ O oy T —
= H E L

1500

1000

500

kb 1]
Z {umn)

H(130 GeV) —

High pT p-spectra

A(300 GeV) — utp™

Z'(2 TeV) — ptu~

10

10
pr (GeVic)

Material:
-150 X,

B=2T

Different bending pianes in
ATLAS and CMS

Low pT systems for B-
physics study

Italian responsibility in both
experiments
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ATI A miinn tricaaoar
JF \ 1 L=f \J 11 I1GANSD ] | Y | Igj\al

Momentum is defined with track deviation from an e
infinite momentum muon (Coincidence Windows) coo [ it
TGC2 - ]
]|_ 3 tion
| L2 TGC 3 46 L
RPC 3 |0MPT high P, |
RPC 2 TGC 1 A
| MDT g | E M sos |
RPC 1 T
TGC EI IDW pT 100 |-
| HiE =
[/ - :
Tile Calorimeter TGC FI
1/ 7 i high p, BC ldentification efficiency vs pipeline
%ﬁh N delay (test-beam data)
0 5 1h ~|'5m | Low pTPhi CMA |

Fast and high redundancy system

Wide pT-threshold range: 2 separate systems:
low pt and high pt trigger

Safe Bunch Crossing Identification

Strong rejection of fake muons (induced by noise
and physics background) using algorithms on 2
views

1/8 BC interpolator to measure RPC timing hit T T e o S W S

Requirement for cosmic-ray and beam-halo e R
triggers included in design

—— Left Bunch
—— Center Bunch
—— Right Bunch

Bunch Crossing ldentification Efficiency

[=]
=]
III‘IIIlI\Il\IIlII\lI
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ATLAS: muon trigger performance

[ Barrel - Low pT; 34 majority |

Due to the air-toroid structure, the study of 2«

SR
cavern background is mandatory -
ey - . T -
Low pT system more sensitive to accidental  2,:_
= E
background due to less redundancy S e
.. - Standard low-p; thresholds L = e o
n.s; * L e = . E ----- accidentals, bckgx 5
F [ = Past R 2-Comptan, nom
07 . _"- protans, nam.
Eo. 10° ="
e E_ = | , , , L
05 | - 1 10
C Luminosity, nb-1
:: : . . 6 GeY Threshold | B?rreI-High pT; 3/4 * 1/2 majority |
02 i— " = 8 GeV Threshold :;-10
01 f— 10 GeV Threshold e:‘; 103
“7 IT-SI“Illlﬂll‘ll‘ﬁ""zlﬂ"“2'5""3‘““"3'5""4“ .%
'F & 10°
£ Standard high-p; thresholds .
o7 ’ .. _.. * - — lllll e —P.rl'lompt muons
0 — ) ) ! ‘ lllllllllllllllllll R P nominal bckg
os 7 - B e R bckg x 10
::; .' ® 11 GeV Threshold 10° bl ' ' tnnnn ]
0z %— & 20 GeV Threshold 1 Lu;l'?'"osny’ 3L
ey F.Pastore IFAE 2007, Napoli 12/04/07




do/dp; (ubarn/GeV)

Inclusive u cross-section @ LHC
(prompt p and n/K decay)

10 ;_ ...... cC— U
3 — b—>nu
i —t—-nu
1L W —u
E L \ Z —u
[ ' -_.:.. ------ /K — L
10-1 s ~ee ShOWer muons
------ Punch-through
-2 .“
1078L .
1074E
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Muon 11 GeV 20 GeV
sources 1034 1034
n/K 7420 Hz 3540 Hz
b 2330 Hz 760 Hz
C 1100 Hz 340 Hz
W 28 Hz 26 Hz
Negligible Negligible
Sum 12 kHz 4.7 kHz
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Muon system, stations interleaved with the iron yoke of the return

flux

m DT, outside the magnet coil, in the Barrel
o 4 stations, 2-3 SL each, 1 SL=4 staggered layers of tubes

m CSC, in the endcap

o 3 stations, 6 layers of CSC each
= RPC, in the Barrel and endcap, dedicated to BC-identification
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CMS: miinn friaaar AriMmMirivvac &
iVio. 1T1TUOI LUHiigyci priiiiitiveo

RPC pattern recognition
Pattern trigger logic (PACT)

= Many possible hits patterns assigned
to each pT (and direction), due to dE/dx
fluctuations and MS. Each pattern
identifies a pT threshold

= Time coincidence of hits in predefined
patterns required on 3/4 to 4/6 stations,
which gives the BC assignment

M_S‘I M_SE M:':':S M_S-l-

(33 4T

DT and CSC track finding:

- Finds hit/segments g e R
- Combines vectors mon MmN staton 2
- Formats a track 3urck sogmpnirs | sogment ||
- Assigns p, value - 1E N "‘fq"‘“/““ [
DT: 3-out-of-4 hits in each superlayer, fits [
a straight line within angular acceptance. ' M

. - IFeis ot
Segments are correlated using angular '

distance form the IP

CSC: segments in both views, then
correlated: cathode strips on bending,
anode dedicated to BC identification
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Global muon trigger
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CMS: L1 muon trigger rates »

trigger rates in kHz Il <2.1
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gy working points selected as examples
L =2x10%3cm-2s-! L =10%*cm-2s-!
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BC -> DK”, D™x BO > J/p K., J/pm0, $K, BO, -> D_K, KK

LHCD

(o(y)~25%-3509) (o(p)~1.29) CDF/DO: Am_measurement,
observation of B, —=¢¢

Current sensitivities from b-factories

in the B system (oy<10 degree)

= Large op3 ~500 pb, but opg6,,, ~ 5x1073 G@?rl‘ﬁﬂ@‘féﬁ; _

= Interesting B decays BR ~ 10-° ' ' 1 B
Nominal luminosity: 2 x 1032cm-2s1 (10-50 times lower than Faﬁmrcfpmhaﬂ. mrreffé?@'ﬁd
ATLAS/CMS) bb patr production

= dominated by single p-p /low occupancy events

o T _ B Pythia production cross section
m 2 fb-1/year -> 1012 bb produced/year g
= Expected ‘visible’ rate: 10 MHz (given by low L and LHC bunch 2
structure) E 10
= bb: ~ 100 kHz (whole B-decay within acceptance ~15 kHz) = LHCb
o cc: ~ 600 kHz P 230 Iib
Multitude of trigger requests (excl. and incl.): .
= Excl: Signals to over-constrain the unitary triangle
= Excl: Measurement of the purity of the B-tagging ! 5 0 . p

Tlma of B-hadron

= Incl.:Calibration, alignments and systematic studies
= Incl.:Unbiased control samples F.Pastore IFAE 2007, Napoli 12/04/07




| HCb: tr

ager strateqv
::v-vv ~ )

Exclusive triggers : *hot’ physics eg. B.—D.h, B.—¢d, BO—=1/y Ks, BO—D"r,
By—hh-, BO=K"uu-, BO—=DO K*, Bi—uu~ Bs—/y ¢, Bs—dy

Inclusive triggers — Data mining:

m Inclusive single-muon (900HZz) [independent of signal type ]
o Sample triggered independent of signal type - unbiased on the signal side
o Signal trigger efficiencies, beauty content ~60%

= Inclusive di-muon (600Hz) [selected without lifetime information]
o Clean mass peaks for alignment, momentum (B field) calibration

o Proper time resolution using prompt J/y events 80

r0;

m Inclusive D* (300Hz) [selected without RICH information]
o Clean signal of D**—DO(K-—r*)r* 50

o Measure PID performance as a function of momentum 40

I|I T

o Charm content ~20%

h lm jw | | Il L ] | - | ] J 1
00 2000 4000 6000 8000 10000 12000
dimuon mass (GeV)
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‘ 10 MHz

LO: high p; + track multiplicity
= synchr. (40 MHz), fixed 4 us latency
= custom boards, commercial compon.

1 1 MHz

Trigger .-:-;m _-_“-— I I I(};m VI. I I5.n;| IV /I = mr I z

HLT inclusive: refine p; + IP
tracker Calorimeters + = latency: 1 ms (max 50 ms)
Muon system = event buffers
= interface to Gbit Eth. readout networks

Full detector l

Open geometry, excellent tracking capability information

Selection of B mesons using pT and impact
parameter (IP) of the B decay (related to high mass
and long lifetime of the b-quark)

HLT full reconstruction
= Full detector: ~ 40 kb / evt ( 50 GB/s)

® Hardware trigger (LO): selection of events with at least

one high ET object, reject complex events and beam-
halo

Single PC farm
~1600 CPUs
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HCDb

evel-0 muon tr |

adaer
g J ™

Detectors: 1380 chambers : 1368 MWPC + 12 3-GEM for hottest region

Five projective stations, with graduated segmentation (26k logical pads)
Strategy: search of track on four layers and check compatible hits on the fifth
Decision: send the two highest pT candidates in the chambers (Ap/p ~ 20%)
Typical Performance: —88%o efficiency on B-=J/y ()X
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LHCDb

)

level-0 calorimeter trigger

Scintillator Pad Detector

Calorimeter \J‘SPD)
m  ECAL: Shashlik technology (lead/fibers

r/o by WLS fibers), =25, 8-bit ET
= HCAL: iron/scintillating tiles (8-bit ET per
cell)

= Scintillator PAD (SPD) for
neutral/charged separation

= Preshower (PS) for e/n separation Pre-Shower
Strategy: look for two highest ET Detector
candidates of each type (>3GeV) e )
= PID by HCAL+ECAL and SPD+PS SPD-PreShower ECA HCAL
Also sent to LO: total calorimeter ET \ n an
and SPD track multiplicity FE
Typical Performance: 30-50%b L
. . B = s il
efficiency on hadronic channels for 2l
about 700 kHz bandwidth = — Yeeem
wooal gy YA S
— #Iectio|n cra th
SPD
mult| €% Y o hadr! B

Level 0 Decision Unit
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bundle/z-axis _ ___ _ __ ___ o N
In La Vi V2
Used to suppress events with multiple primary
interactions within one bunch crossing (reducing

event size, required bandwidth and offline analysis)

Two dedicated silicon disks in the backward
direction (n<0) reconstruct the longitudinal position

vertex multeplicity, used to select the event

Typical performance: 60%bo efficiency
iIdentifying double interactions with 95%0

purity

7
of the IP b 3 i
Strategy }
= perform all combinatorial combinations of hits, find the i o
most probable position (primary vertex) and mask all E
hits belonging to it 3
= The height of the secondary peak gives the secondary

AL L

= (e
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LHCb level-0: Decision and performance

OR combination of Level-0 efficiency Z
N O G W O
= single objects thresholds, to exclude min. bias o o o o o O
= global variables, to exclude combinatorics (total ET, track multiplicity TT T '
in the 2nd vertex, pile-up and SPD multiplicity) KTt T
Expected efficiency for a given channel KK E E TasaL g
. —50% for hadrons, —90%0 for muons, —~70%bo for radiative chan D.K LK ONE
= : :

i LO-ECAL H
5 RS VRS N

The level-0 trigger enhances the bb content of the data from 1% p;
to 3%: expected rates are bb 30 kHz, cc 106 kHz

DK
LO hadron trigger mainly occupy the bandwidth (60%), w2u and
NP
e/y/m0 about 20% each
©p
Threshold
Type _rtﬁasr ? Rate (kHz) J/\f’(##) KE
(Gev) J/ () E——
Hadron 3.6 705 J/“JP(JW‘)K ; ; ; ; *
Elect 2.8 103 = : : | ..
ecron I/ W (ry) |
Photon 2.6 126 K" +
7 local 4.5 110 s
7° global 4.0 145 d/w(EE)K: a | _—
Muon 1.1 110 nnm | — | |
Di-muon 13 145 K
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