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LHC p-p Collisions O
Operations 2010-2011 WiscONSIN
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2010 Vs = 7 TeV
 Peak Instantaneous
Luminosity:
>2%X1032 cm2s-1

3.5 TeV Beam Energy

2808 Bunches/Beam (25 ns)
10" Protons/Bunch

1034 cm2 s*1 Max Inst Lumi

2011: Vs = 7 TeV —

* Peak Instantaneous e
. . gt . : =
Luminosity: % — W o
1.23 X103 cm2s- oY
(1042 CO"Idlng at CMS) @ T~ Bunch Crossing 410" Hz
* And increasing! @
. . P Collisi 0°H
- This year a maximum of ‘&, B
~1404 bunches/beam Parton Collisions
in LHC (50 ns spacing) @& _ _ _
New Particle Production 10° Hz
* Possible to gain some (Higgs, SUSY, ....

additional inst. lumi
(intensity, B*,emittance, etc)
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CMS Detector @

UPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PboWO, HCAL Plastic scintillator
~ Crystals |, . e [ Drass
= . ' i .~ | sandwich

2 .:1qFﬁr:
Total weight : 12,500 t
Qverall diameter : 15 m

IRON YOKE

Overall length : 21.6 m
Magnetic field : 4 Tesla*
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Silicon Microstrips i~ o ;
Pixels : 21:;3_._1. i e ¥ strips
Drift Tube Resistive Plate Cathode Strip Chambers (cs©)
*Actually 3.8 T Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)
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CMS Trigger & DAQ Systems 0
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WISCONSIN
P
Level 1 - Detector Frontend
Trigger | Seer— ___ /. 40 MHz
‘ | ] ' H H : : Systems 105 Hz
Event :
Manager D] Builder Networks Controls 1 Tb/s

_— | Filter
H ll “I oL Systems 102 Hz

Computing Services

Level-1 Trigger

* LHC beam crossing rate is 40 MHz & at full Luminosity of 1034 cm2s-1 yields
10° collisions/s

*Reduce to ~300 kHz output to High Level Trigger and keep high-P; physics
*Pipelined at 40 MHz for dead time free operation
Latency of only 3.2 usec for collection, decision, propagation
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The CMS Level-1 Trigger O
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Calorimeter, muon, and beam monitoring (not shown) systems participate in CMS L1

Calorimeter Trigger [ Muon Trigger ] ' ‘
Tl_'ig_g_er Trigger A p v ~
AT Primitive Link Segment Segment R
system finder finder
(o] \ J
£ ; ¥ X ¥
o Regional s \
o Calorimeter Pattern Track Track >
3 Trigger Comparator finder finder
.
T l
=) Global ] A
< Calorimeter Global Muon Trigger » Q
Trigger J
e, J! ETa HT’ ETN M
[ Global Trigger J >
v L1A] fstatus
CMS [ TTC system ] [ TTS system ]:
. A
experlment 32 partitions
\ 4
[ Detector Frontend ]—>

————
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0.0175mM on all ECAL/HCAL

n—p

Fine Grain

ely and Jet Algorithms @

AAAAAA

Sliding window centered

——1lrigger
Tower

trigger tower pairs

N\ L L

E /
| !__//
Hit ax//

p— = — — E__
=087 d) PbwWO4 A‘_>T],A¢ _ 0.34»8

1 1 Crystal
I I < An,A¢ = 1.04

T veto
patterns

HCAL

ECAL

DHI | I_ l

|
Electron (Hit Tower + Max) 0-087m 4x4 Tower sums from RCT to GCT

« 2-tower XE; + Hit tower H/E Jetor 1 E;
« Hit tower 2x5-crystal str‘i:?s_ ) - 12x12 trig. tower ZE; sliding in 4x4
rain

>90% of E; in 5x5 (Fine

steps wicentral 4x4 E; > others

Isolated Electron (3x3 Tower) 7: isolated narrow energy deposits

- Quiet neighbors: all towers - Energy spread outside t veto pattern
pass Fine Grain & H/E sets veto

* One “L” of 5 EM E; < Thr. - Jet=rtif all 9 4x4 region 1 vetoes off

GCT uses tower sums for E,ME; jets for H;, MH;
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Muon Trigger 0
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Muon Trigger na ot 08 RPC 104 .12
0 I -~ Reduced RE
-3 muon detectors to |n|<2.4 [ 1] L | grgtvin
. MB3 & e ' ml<1.6
« Drift Tubes : il 3
MB2
 Track Segment ID and Track ‘re — 2
Finder ot —d
. Laye . R
- Cathode Strip Chambers v
* Track Segment ID and Track . mphmr i
Finder

* Resistive Plate Chambers
* Pattern Matching

*4 candidates per subsystem to
Global Muon Trigger

*Global Muon Trigger sorts, removes
duplicates, 4 top candidates to
Global Trigger

* Track building at 40 MHz!

Station #4

Station #3

Station #2

Station #1

Vertex
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Global Trigger 0
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L1 Cal.orimeter >
Trigger

GLOBAL Trigger
TRIGGER Control >
PROCESSOR System

TTC Detector
»
System Front-Ends

Technical
Triggers

Receives Trigger Objects:

- 4 forward and 4 central jets, 4 t-jets, 4 isolated and 4 non-isolated ely,
total E;, missing E; H; and position information from GCT

- 4 p with position, sign, and quality information from GMT

Different conditions (thresholds, topological cuts) can be combined to
make 128 physics triggers

Forwards Level-1 Accept to DAQ and Trigger Timing and Control (TTC)
system for read-out of the detector front-end electronics
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 Hundreds of boards
 Thousands of:

* ASICs

 FPGAs

« Copper Cables

» Optical Fibers

* (Wo)man hours
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Operating the Trigger:
L1 Online Tools and Trigger Supervisor i

MADISON

. Home Tools DataBase Monitoring Documen tation  Online Software LHC  Reportabug  Contacts L1 Pa e
L1 Online Page > Run 165238 9
° B rowse r i nte rface for tri er s h ifte rs 1_hit_collisi NSE LHC - PH‘(SICS RANDDM CALIBRATION
99 e Ll ety
and experts
» Access to configuration tools
. Shifter Reminder 4 (Changed Tue May 17 at 14:00)
b M o n Ito rs statu s Of TS p ro cesses Changes to this Shifter Reminder should be done ALWAYS in agreement with the Trigger Field Manager.

As of today, new Run Setting needs to be loaded into the L1_HLT key if the number of bunches changes. Check here https://cmswbm.web.cern.ch/cmswbm

Displays Trigger Rate, Key type, etc.
Real time alerts and alair'n—;’/
Trigger Supervisor (TS)

* Online software framework to configure,
test, operate, monitor, and
communicate among trlgger systems

* Individual subsystems and a central cell
interacting via SOAP commands

e |nterface to CMS Run Control

» System configuration via a pre-defined .
key for data taking, internal tests, and &3
multi-system interconnection tests

» Accesses DBs for configuration including
channel masking

* Provides feedback after transitions
* Monitoring Information and alerts

Central Cell Do X

Now Displaying Configuration

Central Cell

Monitoring Panel | Error Analysis | Expert Alarms |
/ed May 16 13:32:47 2011 (RCT twiki, RCT Monitoring Explained) _
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Data Quality Monitoring (DQM)
« Updated in real time
« Data delivered at ~Hz

* L1 Trigger Summary Page has
selected histograms for
trigger shifter

* More detailed expert-level
plots also available

 Old runs available

« Comparison with reference
histograms possible

 Real time check of Data with
SW emulator

« Simple summary for CMS
DQM shifter

» Used for run validation

Monitoring the Trigger: O
Data Quality
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Workspac * Run#w Event #

Onllne L1T .

166'554 . 736 864'766'962 .

started, UTC time

Mon 06 13:41

Size: Medium |¥ | Play = Reset Workspace Describe = Custemise | Layouts | (Top) / Quick collection

AllJetsEtEtaPhi
CENTRAL AND FORWARD JET E,

CSCTF_Chamber_Occupancies
CSCTF Chamber Occupancies.

03 - DTTF Tracks Occupancy
DTTF Tracks Occupancy

\\ d | s
Sectr (En wpp) fc humbm‘u E notlwmd:

X GMT _etaphi IscEmRankEtaPhi
CSCTF Occupancies GMT phi vs ota i 1 180 EM
] @

4 2 &5 828 3 2

L1TEMU - 78.3% - Yesterday at 15:34.59

L1 Esetator v Dats (L1TEMU) Roport Ssmmary Map

L1 objects

CAL TPC
L1 systems
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Tuesday March 30, 2010
12:58

L~102’cm2s-

~ 60Hz Collision Rate

Time to optimize the
trigger synchronization!

CMS Experiment at the LHC, CERN

Data recorded: 2010-Mar-30 11:04:14.111090 GMT(13:04:14 CEST)
Run:

Event:

Lumi section: 13

Orbit: 35985009

Crossing:
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Collision products take longer to
get to outer part of detector

+ e.g. to reach CSC takes longer
than ECAL

Take into account many different
cable lengths
« Even within a sub-detector
First runs only a Minimum-Bias

Trigger (Beam Scintillator
Counter)

 Take data with a number of
delays

* Find the best alignment betwee
subsystem (CSC shown) and
Minimum-Bias Trigger

« Repeated for each Trigger
subsystem

 Cross-checks available in DQM

2010: Commissioning
Synchronizing the Trigger

TTTTTTTTTTTTT

WISCONSIN
CMS Preliminary 2010 —« Early
CSC Trigger Timing Scan = In time
-o- | ate
@ A0 |------eoeemenn e T
-E_, i | " = -
el .
o 80 =
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= . A
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° 60
L
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e 40+
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8 |e
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-10 -5 0 5 10
Phase Delay Scan [ns]
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2010: Operational Challenge O
Rates rezRa

250

Final month of 2010 p-p running, max inst. ;== g g
lumi rapidly increased to 21032 cm2 s e e  — \
+ No longer relying on Minimum Bias but a 0 I R T S
full menu of physics object triggers
« L1 works with the HLT to maintain a B - I
sustainable HLT stored data rate e E— — S
« Up to 65 kHz in, ~400 Hz out

: i : :
30/& 12/05 25/06 07/08 20/09 03/11
Date

* New L1 & HLT configurations and menus:

* Higher thresh. L1 Triggers for HLT seeds
« Prescaling at L1 and HLT to reduce rates -
- Several prescale “sets” to allow as much e
data to tape as possible o
« Lumi decreases -> change set of I
prescales, keep rate about the same I
« Possible to predict output rates with MC o oo oo
 Must take into account other factors R
« Cosmic backgrounds, pile-up effects, s oo |
detector effects, etc. R

Rate (Hz)
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gtﬂi": CMS Praliminary, L~56 nb™" _ DTTF 1:_" _
100Baess =TT ' :
1ot Sunil CSCTF Jlpsi o
W ge; - F
0.94 Global > o
: c
092! | Muons I:
0.20; i 05F
0.88] . W ol
0.85] 0sf
DH 0.2;
082t E
u_aﬂ: ............................. - 0'1;_
0 10 20 30 40 50 60 TO S
o A Good Trigger :
3 Performance
e GMS Preliminary 2010 @ 7TeV . .
| During First g
E i Average L1 RPC Eff =84% g F
§ olai. ...... I na"hn:n R TTE T TP PLE O VISPV PPL P o : LHC Ru n EOS
i o.sf : 0.6
0.4: Offline muon pr>7GeV/c ] 04
oo L1 CSC or DT trigger i i
0.2 b o anyL1RPC . RPC 0.2_
- v LIRPCP;>14GeVic | ] . i
b 1 Global Cal Trig

L
20 30 40 50 60 70 80

meva Muons Electrons

o
=y
(=]

2010 Trigger Efficiencies @

WISCONSIN

MADISON

TTT T[T I T[T T T[T T T [T T T[T T [ TTTT

< Prcut5GeV

CMS Preliminary, 1.3 pb™

‘LII\l\\lllll\lll\\l‘lllll\\\\lIIII:

—ILdl=63nb'

— L1 Trigger

| | conversion Electrons g g

5 10 15 20 25 30 35 40
P; [GeV/c]
T T T
| iCMS Preliminary 2010 (7 Te > &t

; L1_SingleEG5S 1

| # ECALBarrel ?

s ECAL Endcaps

ot

I

10 107
E; [GeV]
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End of 2010 p-p run:

* 43 pb-' data taken -
- Maximum sustained -,
L1 rate of ~65 kHZ
« 368b — 348 colliding =}
at CMS, 150ns
spacing 2
« Upto~5.5pb'ina
single fill or
* Good setup, startup, |

and performance of
L1 Trigger

Achieved in 2010

TTTTTTTTTTTTT

AAAAAA

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)
T T T

I
— Delivered 47.03 pb™'

— Recorded 43.17 pb™!

T h b

i
21/09
Date

I i
12/05 25/06 08/08 04/11
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2011: Operations O

Controlling the Rates WisCONSIN

AAAAAA

LHC has been steadily increasing instantaneous
luminosity delivered to the experiments in 2011

 Well beyond what was delivered in 2010

* How to best control rates while keeping physics? A few
examples of what the L1 Trigger can do:

 ely triggers

« Energy corrections to improve resolution
» Correct L1 at tower level using MC generated objects
« Corrections dependent on n

« ECAL Spike Killing

* Energy deposited by heavily ionizing particles in ECAL barrel single-
crystal avalanche photodiodes look like very energetic isolated ely
candidates

» Check crystals around suspect spike for energy and zero if isolated to a
single crystal

* Fine Grain (FG) and E; ,ca /E7 ecal (H/E) vetoes for efy
« Apply to tower with max E;
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2011: Operations O

Controlling the Rates WisCONSIN

AAAAAA

* |solation (not yet used)

« Narrow energy deposit around the tower with Max E; and no towers with
FG and H/E Veto set

- Jet triggers

* Improve the resolution with jet energy corrections
» Correct online jets to MC Truth
» Correction matrix in n and p;applied to jets

 Muon triggers

* Improve ghost busting

* Muon tracking algorithms may find fake “ghost” muons due to detector
geometry or timing effects, e.g. cracks between chambers, drift time, etc.

 Difficult, but each sub-detector has their own

* Improve pattern recognition
* Require more layers in pattern matching
« RPC now uses 4/6 layers instead of 3/6

« Continue to develop the L1-HLT menus with prescale sets
« Must anticipate physics groups’ needs as beam conditions change
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2011: Operations O

Avoiding pre-triggers Wischran
Problem: =ECEaS GeSl e
 Triggers are pre-firing at about ~5% of %"“"-‘ ’ before =
the time guoo— o
Can we avoid this source of ooor-
inefficiency? Soo0-
- CMS BPTX_AND Trigger %o
- AND of two precision electrostatic 1000
beam pICk-uPS HZOJ_L_L474L0 = I4(1.30I ‘ I480I I IS(TJO‘ ‘ ‘f;éﬁ‘ ‘
. T . bx
* Provides colliding bunch structure in Bx0coyGirigTypet S

CMS for every fill - : - s

« Copy, reduce delay by 1 BX and . ‘after P
shorten signal to ~20ns I

* Use it as veto on pre-triggers

* But it vetoes the slow particle (HSCP)
trigger (BX+1) when the bunch spacing -
is 50 ns! 500

How to fix this? (Next Slide)

1

Re
a
(=]
=)

(=]
(=}
=

GT.occupancy for tgigger ty
g g
(=] (=]
\ [

I

[ | M | LN |
220 440 460 480 500 520
bx
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2011: Operations O
Trigger on HSCPs WisCONSIN

AAAAAA

Heavy Stable Charged Particles In-time muon
(HSCPs) take as much as 2 BX to Chamber hits /‘ extended hits
exit the detector layer 6 | T
« Look for late signal in muon layerS[_ I T T |
triggers layer4 [ T T T |
* But preBPTX veto during 50 ns ::ye:; : = : : :
bunch spacing vetoes these! *
layer 1 [ [T | | | BX
. S —>
RPC Trigger can extend detector Muon candidate:q::
signal to 2 BX BPTX
 Reduce RPC delay into GMT by 1 BX
« preBPTX will veto early in-time muons HSCP

* In-time muons still captured with Chamber hits Extended hits
collision BX
layer 6

« HSCPs aligned with collision BX layer5 1T T ]

» Create special HLT path to keep slow layerd T T T ]
particles (the BXid will be +1 wrt to layer 31T T T ]
Tracker, for example). layer2 [ T T T ] BxX

. . 1 1| | I |
HSCPs Triggering! A = S
Muon candldate::F:
BPTX
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2011 Trigger Performance 0
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Hot off the presses!
L1 ely > 12 GeV CSCTF
(Calo Trlg) Global Muons
> T SRR AL B A AR L > .
5 relumi;nary: 20 é B f*::;ﬁﬁ ﬁl’ :
O 2 ool VialVad + .
= reshold 12 GeV F- ol | | .
L | L1 E/Gamma Trigger < CMS Preliminary 2011 _
Electrons from Z . 0.6 (PTI I,ITZQ‘!'!\

0.6 - L‘.I .SIin.gIeEG12. = % / ) - CSCTF P, > 5.0 GeV/c i
Ll B plateau at 0.96 + 0.00 -
|| ¢ Foprobes 04 - —4 CSCTF P, > 7.0 GeVic

04H"2 F_E pmbes_ i 7Z / i plateau at 0.92 + 0.01 i
L = CSCTF P;>10.0 GeV/ -
I 0.2 B _'.:4 j - plateau at 0.89 0.51 :

02 i = _/ -
I o[ oot

0 RN P R K P; of Global Muon, (GeV/(j,;)
I Il | %= | A | | | L 1111
1 1

102
E, [GeV]
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800

Halfway through2011 O

AAAAAA

Middle of 2011 p-p run:

Total Integrated Luminosity 2011 (Mar 14 09:00 UTC - Jun 09 13:56 UTC) ® ~740 pb'1 data taken

400

300

200

100

— Delivered 805.80 pb™'

— Recorded 739.73 pb™'

14/ 0%

..........................................................................

— | N N Lo

01/04 19/04 07/05 25/05 12/06

Date

e Maximum sustained
L1 rate of ~65 kHZ

* 1104b with 1042
colliding at CMS,
o50ns spacing

« ~45 pb-' recorded
in a single fill
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Conclusions @
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CMS L1 Trigger is performing well
- 2010 and 2011 not without its challenges
« Complex system, in Hardware and Software
« Excellent pool of experts
* Problems addressed in a timely manner

LHC still increasing the luminosity
* Will still stress system, both detectors and triggers
* Must remain diligent, even if luminosity stabilizes
 Expect L1 Menus to continue evolving
* Physics results may dictate changes instead of lumi
« Challenge to balance physics needs with rate limitations
* L1T must continue to work with HLT

Looking forward to lots of interesting physics results!
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