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e Introduction
- CMS and LHC
- Requirements for tracker design
— Micro-strip tracker readout system

e Commissioning and operations
- Magnet Test Cosmic Challenge
— Tracker Integration Facility
— Tracker commissioning at P5
— Global runs and cosmic data-taking




Design considerations for CMS

Imperial College

London

e | HC to probe physics at TeV scale
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CMS

Imperial College

LHC environment

e Compared with Tevatron
- ~7x increase in CoM energy
- ~5x higher BX frequency
- ~20x increase in luminosity

e High multiplicity environment
- 20 super-imposed events per 25 ns
— 1000 charged particles per 25 ns

e Consequences for (inner) detector design

- Require rad-hard sensors and front-end ASICs Mo s Eon R ta R B
- Need highly granular detectors for low occupancies T e Sl B B
- - - ‘ 1 -
- Need fast signal processing for BX id _ 8 i
.. . . . . 107°F 7 on . grivtiie > s ]
— Precision vertexing to identify signal event and decays N e .
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beam parameter p-p p-p Pb-Pb units : 0‘*00.‘.” " M
high low high 2N & .." ]
luminosity 10 2 x 10% 10%° em st | 4 R . B LN -
energy per nucleon 7 7 2.76 TeV "> Total dose for inner tracker:
bunch spacing 25 | 25 _99.8 i ns " e up to 10 Mrad (10 yrs) o~
particles per bunch 1.15x 10* | 4x 10 | 7.0x 107 - 4 » - 3 I
inelastic collisions per crossing 17.5 3.5 7 - 1 ) 101
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Design considerations for CMS tracker

Imperial College

e Full silicon design for micro-strip
- MSGC not sufficiently rad-hard
— More than 200 m2 active surface area
- 10 (11) layers in Barrel (End-Cap)
— Coverage up to |eta] < 2.4

e Requirements (constraints)

— Reliability (inaccessible for 10 yrs)

- Radiation-hard sensors and ASICs
Many layers (robust pattern recognition)
- Low noise (small signals in Si)

- Low material budget (Bremsstrahlung,
photon conversions, multiple scattering)

- Low power (less power cables, cooling)
- Fast signal processing (BX id)

High spatial precision (vertexing)
High granularity (low occupancy)
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TIB 4 (1.2-0.55 2724 320 81/118 23-34x230
TOB G 0.55-1.16 5208 500 81,/183 30-522<530
TID 3 (.55-1.20 816 a20 07/128/143 | 23-34x230
TEC 9 [.20-2.80 | 6400 320/500 06-183 35-52x 530

Pixel system

Resolution: 10 (20) um for r-g (z)

Barrel: r=4.4, 7.3, 10.2 cm /\\

EndCap: r=34, 46.5cm _
100 x 150 pm pixels i

66M channels
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Tracking performance goals
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Control and readout (micro-strip tracker)

Imperial College
London
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| 440 Front
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= Front-end readout ASIC (APV25)

-

i 7.1x8.1 mm
e 128-channel design

— IC and RAL design using 0.25 ym CMOS commercial process
- BX id as signal constrained to single 25 ns time window
- Data frame contains BX info and 128 analogue samples

192-cell
pipeline
memory

APSP + MUX

e Intrinsically radiation-hard
— Thin transistor gate oxides, enclosed transistor geometries
- 10 Mrad dose: no significant effect on performances
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CMS

Off-detector receiver card (FED)

Imperial College
Londor

e Front-End Driver “receiver card”
- VME64 form factor
- RAL and Imperial

e Functions

— Optical/electrical conversion
— A/D conv. (10bit @ 40 MH2z)

- Zero-suppression
— Data formatting

e Scale

— Input from 192 APV25 chips

— (25k detector strips)

— 440 FEDs for ustrip tracker

— (~700 for CMS)

e Data rates
- Input:
— Output:

3.4 GB/s
~200 MB/s

96 Tracker

: CERN
[> Rx  Analogue/Digital
12 e

12

12

12

FPGA
Configuration
1

— s

12

12

Trigger
Control
System

DAQ

Front-End Modules x 8
Double-sided board
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Production testing of the APV25

ASICs delivered in “lots” of 200 mm wafers

Production testing done at Imperial

PC running
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Production testing of FED

Imperial College
London

e “FED tester” used for performance and production tests
- Provides D/A and E/O conversions for known input
- FED output can be checked against known input signals

SBS VME
Adapter

_fl..\/ ‘
|

Optical I3
outputs SEE

Pe I‘fO rmance tests: |Fraction of L1 Triggers Vetoed Vs Tracker Occupancy (200 MBis Readout Limit)|
noise characterisation, oo - 200
calibration, crosstalk, g | 160
zero-suppression, g 9
high rate tests § 0.1 - 100
Acceptance tests: g 3 140 B
o
i . . —a— L1 Triggsrs Vetosd o]
i =5 ‘?ptl_cal ramp te"sts, = e —¥— Readout Data Rate L 120 #
H=# “universal FED" test 5 3
B s 0.014
\ . § o Up to 3% occ. | Lo &
§ 4 at 100 kHz
. - 80
I I .I I I I I I I 1
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Imperial College

> 1 Uncovered topics...

e Several areas of study on the tracker readout system are not covered in this talk
— Radiation hardness qualification on the APV25
- Single event upset studies on the APV25
— Effect of highly ionising events on the tracker readout system
- APV25 emulator (prevents pipeline overflows in APV25)
— Performance studies on the APV25, optical link system and FED
- And more...

e Worthy of a future seminar...
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Magnet Test and Cosmic Challenge (MTCC)

e First CMS “slice test”, during summer 2006

Insertion of tracker system for MTCC

e Magnet test
— Successful ramping of of magnet to 4 Tesla

— Tests of service infrastructure and field mapping D
/

e aa gl

e Cosmic challenge .i f )|
— Commission parts of all sub-dets (no pixels) B ) \4 |
N ~
- DAQ tests and global running ~ E%
N X iy ‘/,':v \! .
R (m) A =1 :
Tracker system (~1% of final) — vt @}f; \ ‘
1.1
TOB TEC
0.6 ———— heel 2 Wheel 1 Trigger from muon
Wheel 2 Barrel (~5%) and
02| SEte TIB End-C
T T T > Y m)
0 0.7 1.1 27 z(m) N
Sub-det Modules Channels
TIB 75 46.1k
TOB 24 15.4k ‘ ‘o%__ | i Sector 10
TEC 34 20.0k "7/ Sector 10
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Imperial College
London

Magnet Test and Cosmic Challenge (MTCC)

e Tracker achievements during MTCC:
- Small system commissioned (configured, calibrated)

— Synchronisation with muon trigger

— Successful operation with central DAQ
— Excellent and stable S/N performance
— No operational issues with B-field

B-field [T] Runs Events “Pointing”
0.0 43 11M 240k
3.8 38 14M 250k
4.0 4 2M 31k
l?m—ﬂ_
~— m- l L) l L L I L L L) I T T g. “a
8 wf ——
rof Bvc | Vm%//
E Good agreement
Y Latency scan w.r.t. b/wW singulation \\\\§\\
#p | muon trigger to and data, eg, S/N
1 | maximise signal el
20 . no
10; I N
0- '1- A ! — ' SRR S I 200 300 Clust:%Mr e[AI;)Ccounts?0
53 154 155 156 157 9

latency/25 ns

19th November 2008
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Imperial College

Tracker Integration Facility

e Environmentally controlled clean-room =y
e Infrastructure to operate 1.6M channels =
e Large cooling capacity (tests down to -15°C)
e Tracker Analysis Centre in close proximity

e Tracker assembly completed at TIF in March 2007

19th November 2008 R.Bainbridge 15



Imperial College

Tracker sub-systems at the TIF

X

i Outer Barrel

19t November 2008 R.Bainbridge 16



— Commissioning "slice test”

e Extensive detector commissioning during spring

— Commissioned ~15% of the tracker Sub-system  Modules Fraction [%]

- Services and infrastructure (power, cooling, racks) TIB+ 640 36

— Development of software tools and procedures TOB+ 720 28
TEC+ 800 25

e Data-taking with cosmic triggers up to July 2007

17



Large-scale tests using DAQ and DCS

e VME racks near TIF hosting
e off-detector control and
Tracker “Detector Control System” GUI readout boards, trigger

r— e - system, power supplies
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Run control

Imperial College

London

Run control provides web-based user

Run Control and Monitoring System

PpealepB cem.ch:8080

Global Parameters

Done

#set r

Configuration Chooser
Enabled Name Value
Running
Diagnostic Page Full Path: /daqtest [ ACTION_MSG starting
Logging Collector
Group Name: Level1TrackerFI r GLOBAL_CONF_KEY
Controller
Monitoring Tools Configuration Key: default-0.0 r STATE
Administration
State: Running - RUN_MODE
Aun Info
Logout Detach | Destroy - RUN_TYPE
Refresh | Status Display r COMPLETION
Pause | Halt ERROR_MSG

I Eile Edit View Go Bo

2 -~ 2| interface for controlling all DAQ processes
7 4¥Home = WfBookmarks Red Hat, Inc. # Red Hat Network [jsupport JShop jProducts (g Tramning
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Open All Nodes
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J
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>
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State=Confi 80801
.:. BU, Instance=0, = 020. 40000/urn:xdag;
y:o DS, Instance=0, Stata=Confs 40000/urn:xdaq
&% EVM. Instanca-0, Siata=Ready, U 0; 0000
4% ErrorDisgather, Instance=0, State=N/A, Ul o 0000y q
.:. FU, Instance=0, = . URI=http: (0
¥ FedsUsuparvior, Instance=0, State=Con 020, 40000/urn:xdaq 1d-55
.:. FedSUSupervisor, Instance=1, State=Configured, Ul 020, 40000/urn:xdaq
.:0 FedSUSupervisor, Instance=2, State=Configurad, Ul 020, 40000/urn:xdaq =58
&% FedsUsuparvisor, Instance=3, Siate=Configurad, U 40000/urn:xdaq-applcatio
4§ JobControl, Instance-0, u 020, urn:xdag- =10
4% PeerTransportTCP, Instanc 40000/urn:xdag =61
4% RU. Instance-0, State-Ready, URI-htip 100001
< . Instance=0, State=Configured, Ul o 10000/ q
& u 020 40000 o
T tate=Configured, URI=http: 5080 ID=234-18ACTION=Refresh
&% GenerkLTCSuparvisor, Instance=0, - URI= 40000/urn:xdag
&% GenericTTCci Instance-0, Stato= URI=http: 10000/
021 10
. . .
Applications list |- -
pp Sk
= 0000 urn

(K1)

Done
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2567 29 [0 |30 r ol
TIBMINUS_20072007 175 =] 720 =] 244 t bI d . . '
p— o o 115 o apbles and versioning R 1
SliceTest_25062007_VeryCold 60 =] Disable =] 342 (“ h I Sto ry”)
FEB-07
2 5
SliceTest_29062007 880 = oo = | [azm|| ™ 4959 | 10 30 r Ml
rob_test_070522 1990 =] 00 = 341 16.FEB-07
2876 PEDESTAL 09.55.49 10 30 [ [ Il
TIBTOB_04072007_COPY?2 o1 | 640 =] 36| M
ROBTEST_CMSSW_09072007 lﬁ7w 700 =] 431 [ 2581 | CONFIGURATION3 TOBPLUS_TEST2 PEDESTAL 10 30 r Ml
TIBMINUS_13072007 943 70 241
/ E El 16-FEB-07
284 | CONFIGURATION.4 TOBPLUS TEST2 pHYSIC oz |10 |40 r i
P
17-FEB-07
2891 CONFIGURATION 4 PHYSIC 12.03.23 1o 40 Iuj "
AM
: ot
& 2 @B @ ==

Fle Edit View Go

] Red Hat, Inc.

Xbaa

‘Bookmarks
Q[ X h

L] Red Hat Network ) Support

X NX -

Tools Help

b17-02 xdl

“)Shop [ 1Products [ Training

Fed9U Supervis

XI NX

fle Edit Vew Go Bookmarks

Tools

Help

(GPL Edition)

jonni@cmstkint07.cen

ch:1001

[+] ®co [IGL
cmstkint07:6666 (GPL Ec

@ > 80@K :

[/ Red Hat, Inc. [ | Red Hat Network ) Support

Jshop [ Products () Training

[*] @ [@

[state machine] |

FED in crate 0, slot 5 on vimepes2b17-02:40666 1D 51, Hardware 1D 187

Settings | [Control setting] [Access register contents]

Tracker Supervisor Finite State Machine

Copy

| Configured

[contioure | [ _enabte | [ vt | [ vt
bone
eResc e L NBNe

cmsusr- -Sh- |G
Done

[~Register Infor
BE Register Dump :

‘Trigger select register (designator = 1):
Mode register (designator = 2):

Test register (designator = 4):

FE Enable register (designator = 5):
BEreadout control register (designator = 6):
BERun Control register (designator = 7):
FED ID register (designator = 10):

DAQ register (designator = 13):

Bx_offset register (designator
BE Status register (designator
Read L1A Count (designator = 17
Read BX count (designator = 18):
QDR Frame Counter (designator = 19):
Firmware version ID (designator = 21):
QDR Data Counter (designator = 22):

umping all readable BE registers

Tracker header format type (designator = 14):

0x33
0x0
ox1

OX71000058,
0x0

0x8e5

0x0
0x22000380

TTC trigger

ZERO SUPPRESSED mode

0000 0000 0000 0000 D000 0000 0000 0000
Al FE-FPGAs enabled

Output route: SLINK

Accept trigger and FE frames & headers

5

0000 0000 0000 0000 0000 D000 0000 D000
FULL DEBUG mode

1
0001 1010 0000 0000 0000 0000 1111 1110

277

ono

Total Frame Count
TTC Individually Addressed Con
TTC Broadcast command (desig]
Second Status Register (design:

Event Type register (designator
FOV register (designator = 31):
Total bunch crossing register (
DAQ register 2 (designator = 3

Control of FEDs and
monitoring register contents

SEICEY

[LJEIE (= rackemrocmsusro - [® Run Control and Monto: [ i jcmsre tracker 16 | @ redou Supervisor: Ree | |7

55°20:4"

19th

November 2008
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Dataflow and workflow

1. Conversion of ~aw data to
EDM compatible format DAQ + Filter Farm
2. Copying ~2w and EDM to Castor

StorageManager

Local Disk Storage

[ Visualization J
(IGUANA)

Copying to CASTOR /
Registration in DBS/DLS

Local
reconstruction
Shipping to

Tier1/2 5

. Reconstruction with ProdAgent

3. Registration of EDM data — - Data registered in Bari/CERN/FNAL
in DBS-1/DLS Publication - Publication of Reco data

4. Injection in PhEDEX Reconsiuction [ Sulgj::?ii:t'i'on ] 6. Data analysis via CRAB
for the transfer

- Global Monitoring

g Track TIF data-flow in real-time

U Isysi
DBS-2 registration underway el i

(both Raw and EDM ) Migration of TIF data processing @ Tier-0 in progress

19th November 2008 R.Bainbridge 20



Cosmic triggers at the TIF

Imperial College

Trigger scintillator configuration (rate of few Hz)
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CMS . . Imperial College
, Signal and noise performance
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> Installation within CMS at P5

e Tracker installed on 15th December 2007
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chs | . . -
P 1 Commissioning procedures

e Aim: synchronous operation with CMS, maximize S/N, minimize occupancies
— Procedures are usually done in “stand-alone” mode using local DAQ prior to CMS global runs

e Connectivity
— Test communication with front-end devices via control system
- Determine readout fibre connections b/w front-end and off-detector FEDs (and flag any problems)
— Establish HV/LV power supply connections to front-end devices and sensors

e Tracker calibration
- Internal synchronization (guarantee synchronous sampling at the front-end)
— Tune optical link system (optimise dynamic range and gain, calibrate)
— Tune configuration of front-end ASICs (operational modes, biasing, gain settings...)
— Tune and calibrate APV25 pulse shaping (maximise S/N, minimise “fakes” in adjacent BX)
— Determine FED calibration constants (pedestals and noise constants, flag dead and noisy channels)

e Commission with CMS
— Synchronize with global trigger (latency scans to “time in” tracker system)

e Other commissioning activities concerning services infrastructure and systems
- Power Supplies, Detector Control and Safety System, VME electronics (trigger, control, readout)
- DAQ software, databases, procedures
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Readout fibre connections

I
2

e Readout system comprises 38k optical fibres Aim is to saturate FED 10-bit ADC (1023 ADC)
- Require automated procedure to establish “cabling”

Tar

—
— La:
—

Layers

— Aim: assign raw FED data to detector modules

- (ie, fibre connections b/w FEDs and front-end APVs)
Global hit position inferred from geometry

Each front-end module has DCU chip with unique id
Data within each FED channel contains encoded id | Problem fibers
Identifies faulty connections and abnormal FED settings

HighLight[ADC]

T T T

O 5000 10000 15000 20000
I ExpertHisto_FastCabling_FedKey0x0001bbd0_LIdChannel3 100— {RMS™ T ©
<C B % 80
8 soo|— ) ) . " S F
2 T Unique identifier encoded within data B el
S ol | Collected by a single FED channel S T
£ C (id=0x00ddf6b7, laser channel 1) £ I
o £ o “r
53 400/ i
1) E C
- 20— .
200[— - Number of connected fibers per FED
[, ., |, * | |, * |  esesseses oL L
St 5 10 15 20 25 30 S T P S T P P Y N L I PO e R T L NPT
Bit number FED number
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— Synchronisation of APV25 chips

Delay adjustments must be applied to Time [ns]

front-end modules and FED FPGAs to 120
account for different signal propagation
times in control and readout systems 100

FECs modules FEDs

Arrival time of APV “tick mark” before
adjustments procedure (is used to
infer delay adjustments to be applied)

sS04

60

Control - Readout 1
| system system 40
20
800 ' o ; :
B e i o 5000 10000
3 = o : : Module “position” within control system
8 700 | Step 1: apply delay adjustments in FED to
2 650 E | I aCCOunt for readout optical fibre Iengths SummaryHisto_Histo1D_ApvTiming_ControlView_TimeOfTickMarkEdge | Entries: AR S =
E Step 2: use differences in arrival time of APV P F Ras o
600 — o “tick marks” at FED to measure adjustments f e Corsant a3 a7
=5l | required to synchronise sampling of front- . =
- | end module e
500 * : RMS <1 ns
450 L Deconvolution mode:
400 BV VAR A A S D P A 0 A 0 A A (O signal attenuated by
] I ) I I ) -] I ) | I | I | I Ll Ll l | s el l | [ B [ ~ o
0 100 200 300 400 500 600 700 800 900 4% per nanosecond N
Time [nS] m|SaI|gnment b6 258 260 262 264 266 268 270
Time [ns]
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Tuning of readout optical link system

e Tune linear laser driver on front-end module
- Four gain settings, target gain is 0.8 [V/V]
— Tune bias setting to give max dynamic range

e Procedure allows to identify/measure:
— Optimum gain, laser thresholds...
- Best gain/bias settings

Gain distributions for

das0- each of 4 settings
# [ [-TIB
- |—TOB
200~ LZ5C Target gain
B —TiB
B —TOB
1501 —TEC
100~
50—
Problent
fibres
0

] 2.5
Measured gain [V/V]

Gain distribution for

2

B Gain0
HGain 1
B Gain 2
[ ]Gain 3

-
o

Number of laser driver channels

(34%)
(63%)
(2%)
(1%)

Good agreement
with simulation!

optimum gain settings

O?ﬁ

0.2

0.4

0.6 0.8 1 1.2
Measured Gain (V/V)

19th November 2008 R.Bainbridge
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Summary of commissioning results

Need Help? Fress F1 Event 323 / 351

First Tra

e Modules or fibres are disabled if:
- LV problems

Unable to configure device(s)

Unable to lock onto clock

Faulty fibre (“low light” or broken)

Some can be recovered

e Further ~1% modules exhibit noise problems
- Largely due to power supply problems and tuning
— Can be solved for most modules

Working system for CMS global runs, as defined by commissioning procedures

Sub-system Front-end modules Fibre connections Active [%] (max)
Total Responsive Disabled Total Missing
Outer Barrel 5208 5196 4 12043 19 99.5 (99.9)
Inner Barrel 3540 3481 0 9012 14 98.2 (99.3)
End-Cap + 3200 3183 6 7506 4 99.4 (99.9)
End-Cap - 3200 3192 2 7535 9 99.6 (99.8)
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Global run operations

Imperial College

e Several flavours of global runs
— CRUZET (Cosmic RUn at Zero Telsa),

— CRAFT (Cosmic Run At Four Tesla)
- MWGR (Mid-Week Global Run)
- Private runs (eg, tracker/muon synchronisation)

3.50E+08 -

b
-
[
(]
>
w

e Tracker participation
— CRUZET3 (mid-July, ~week)

- CRUZET4 (late-August, ~week)
- 95% “uptime” for CRAFT (Oct/Nov, 3 weeks)

1.00E+08 -

- Highest average L1 trigger rate: 550 Hz
— Tracks: few Hz with DT top or bottom

3.00E+08 -

2.50E+08 -

2.00E+08 -

1.50E+08 -

5.00E+07 -

1.00E+04 -
66000 66500

Integrated number of events (CRAFT)

Datasets and statistics for CRAFT

Jatasel Dbo Catalogue Name EVENts
RAW /Cosmics/Commissioning08-v1/RAW 451517246
RECO /Cosmics/Commissioning08-PromptReco-v2/RECO 392004024
AlCaReco 1 /Cosmics/Commissioning08_CRAFT_V2P_StreamALCARECOTkAICosmicsOT_v7/ALCARECO 1319828
AlCaReco 2 |/Cosmics/Commissioning08_CRAFT_V3P_StreamALCARECOTkAICosmicsOT_v11/ALCARECO 3607135
Pointing /Cosmics/Commissioning08_CRAFT_V1P_TrackerPointing_v3/RECO 757992
SuperPointing |/Cosmics/Commissioning08_CRAFT_V3P_SuperPointing_v4/RECO 664326

—Total RAW at 3.8T

Total RAW events |

67000 67500 68000 68500
Run number

Global run type

CRUZET1 (no TK)
CRUZET2 (no TK)
CRUZET3
CRUZET4

MWGR
Commissioning
CRAFT

------------------------------------------- ———]

69000 69500 70000 70500

B-field
off on
40M -
32M -
68M -
61M -
40M -
76M -
39M 290M
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g Track reconstruction
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e Tracking algorithm: 3 steps
— Seed creation: first estimate of parameters
— Pattern recognition: associates hits to a track
— Fitting procedure: best estimate of track parameters
— (Only fitting procedure is common to all algorithms)

e Presently using three tracking algorithms
— Combinatorial Track Finder (CTF, default)
— Road Search (RS)
— Cosmic Tracker Finder (CoTF)
— (CTF/RS designed for pp collisions, CoTF for cosmics)

High Chi2 for the trajectory
No compatible after the last measurement
measurement is added: STOP

found: STOP | %

Kalman filtering
used by CTF
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™ First tracks during CRUZET and CRAFT e

Nefd Helpp|Piess Fi - /) 97 X - Event 14 /

A

Eirst Cosmic | |
Events at /

Cruzet Il /

/ &1 !
Lh&;{s}‘

First cosmic track through A
tracker barrel during CRUZET3

Track through micro-strip and pixel
detectors with B-field of 3.8 T
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Detector coverage

e Distribution of “on-track” clusters within barrel B
— Example track shown opposite ’1005_
— Hit density maps shown for three different tracking algorithms -
: 50
— Data from CRUZET3 runs (no B-field) -
0
S/N for on-track clusters -
-50
Expected S/N  Measured S/N .
-100
TIB 24 15 B .‘
TIB 28 29 105500 80 050900 ‘ ‘1‘50
= > >
gwo; %“100-— ;‘»"’..i’::::\\\ §1oo;
0] = el o P R TPy o oL
- Iy 2N s
50~ 50/~ ~ ' 50 ;(,/,{
of of o
50 50/ 50"
100" 100~ 100
400 50 0 s 100 50100 d00 7m0 0 s 00
Global x Global x Global x
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Track statistics and momentum spectrum

e CRAFT: 290M events processed —_ fyad Search T,
. 8 —— Cosmic Track Finder|| Mean 47.79
- 6.3M events with 6.3M CoTF tracks (1/ev) £ RMS 7214
. w . Overflow 15
- 4.8M events with 6.7M CTF tracks 10° X Only 1 run (8.3 M events) g00d_pt- CTF
- Entries 24961
- 2.5M events with 2.6M RS tracks 3 Mean .19
B Underflow 0
L . . . 102 = Overflow o 14
e Track reco. efficiency given “pointing” muon S good_pi- CosmieTF
— “Pointing” (@ tracker volume): 55-60% - E;}nﬂ 33.’35
10 == naertiow
— “Super-pointing” (|x]| < 40cm): 65-75% - Overflow =
e Based on spectrum, expect: e
_ 24M traCkS Wlth > 20 GeV 0 100 200 300 400 500 600 700 800 %(:O(Gell(;oo
— 0.5M tracks with >100 GeV
Road Search
e CTF
0.1 : ' 4 Cosmic Track Finder
% '_IIIIII]IIII]IIIIIII]IIII]IIIII]II.II]IIIII‘_ %18i_||IIII|IIII|IIII|IIII|IIII|IIII|IIII|III_|__
© : : E :_ ] _:
= 0.08 A - = 16F | L
+ N . ° ] 8 1uE o I .:' =
L i _ C . H 80 o o —y ]
0or ‘ ee 13 BLE $efez I i £ ?} v
- ® Y e % e - x 10F ® 4 s L =
B .‘. 7] +* 8__ # ol -
0.04 o i & ‘A}A 7] C s =
- u.r‘x ,'fakl so we 9 S 6F . E
0.02 - - ., . 4F =
= ‘ : ' o B | ’! . 2 - 2F -
_IIIIIIIIIIIIIIIIIIIIIIIII|||| ' /] :|I|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIII-‘I'IIII:
0"56500 67000 67500 66000 68500 69000 69500 70000 0°66500 67000 67500 68000 68500 69000 69500 70000
Run Number Run Number
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Residuals

Imperial College
London

e Two algorithms used

Entries

1776215

Constant 1245.7305 £ 2.1533

- Millipede (layer-level alignment followed by module-level) Soms___ooes: oo
[ L I I Entries 1884642
— HIP (moduel-level alignment with survey constraint) B0000F" . Design S
70000 :— ..... CRUZET Sigma 0.0133 1 0.0000
|~ CRAFTHIP o 1123100
e Each plot (TIB,TOB,TEC) shows four curves S0 CRAFTMP a1 0200
. . . 50000 = Sigma 0.0077 £ 0.0000
— Residuals based on survey position :
- Based on alignment parameters from CRUZET data Inner Barrel e
- Based on CRAFT data for both algos 20000} p
10000? ;
X’Iq' ' — ' : ; Sigma 0.0304 + 0.0000 9b.1'_‘. = 005 t; 0:)5~01
Entries 7713964
250— . Constant 383552148 + 31.3547 — -
K DGS|gn Mean 0.0001 + 0.0000 c:o’mmm.saom 1.8045
i ---- CRUZET sigma 0.0118+ 0.0000 relreierppe
- — CRAFTHIP Entries 7570523 r T T T Tentios pe—
200" Constant 48046.0859 + 38.7041 gsooof~ - Design » R
- CRAFTMP Mean Q0000+0000  _ _F 77 CRUZET 1 S;:- o.om~o:ooo:
- Sigma 00092 5.0000 000" — CRAFTHIP Emre o0
1501 ‘ sooof ~ CRAFTMP - e
- | Outer Barrel . so0t | End-Cap
s Sigma 4000}~ |
100 " - 3000{ E
- ¢t 0.0000 £0.0092 1 2000F- E
50 :—_ ——, Y 00000 i 00092 ] 1000:_ __,,.“-..»/_':i-‘f“:;;& . €
- .:"' . 1 . 0.5 0 TR
3 I :1';';";/-: . aqhxg A

o
—
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Mean residuals

-

Imperial College
Londc

¢ Plots contain one entry per module

. Design Geometry: <e> =11um, RMS= 115um
CRUZET4: <¢> =-3 um, RMS= 52 um

CRAFT-HIP: <> =-1pum, RMS= 26 um
CRAFT-MP: <> =1um, RMS= 40 um

Inner Barrel

e hatloszgapesiiben

rms = 26 ym
rms = 52 ym

{ 1
MO

- Ig
P ‘q
id 9.

PP TR ET T
0.015 0.02

<e> [em]

0.01

-0.015 -0.01

. Design Geometry: <e> =-5 um, RMS= 104 um
CRUZET4: <e> =1um, RMS= 75 um
CRAFT-HIP: <> =4 um, RMS= 66 um
CRAFT-MP: <> =-0 um, RMS= 65 um

End-Cap | 1™

rms = 65 ym

o 1
vl b v bann s lunas

rms =75 uym

L e
111 l 1‘!_1 1

3 450—
=1 r
. . T r
- Red is using HIP on CRAFT data S 400
— Blue is using HIP on CRUZET4 data ss0l
30
. . . . 250?
e Significant improvement using CRAFT data :
200
- Improvement for pixel barrel too: 112 um to 47 um :
150
1005—
’ Distribution of the Mean of the Residuals for TOB | 505—
8 B Design G try: <e> =0 pm, RMS= 99 um 'O'S;L
3 1200— ........ CRU%ETd: <e> :;-pm, F;MS: :15 um-
e} - CRAFT-HIP: <> =-1um, RMS= 27 um
o] - CRAFT-MP: <> =-0 um, RMS= 24 um
s i .
1000\ d 8 [
i s |
5 — T 250
wo | Outer Barrel rms = 27 pym N
! rms = 45 ym i
- 200j
600/
I A 5 150~
a00| L
i HEA R 100
I F L, ]
200~ i I ] -
: o 3T e ;-.‘.g-n...j.1.'::':‘_5.af'~w!""|'-’ ;?--:‘-f.-?‘.'“;.:.u-m-r-"'“‘ o B
._'L‘_l:lirl:_a;:-;:-_hd&""'ﬁrx N |:-"—'-T::'J:L:_b:ﬁﬁlﬁ:f'jfi
-0.02 -0.015 -0.01 -0005 O 0.005 0.01 0.015 0.02 H
-0.02
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Ly
-0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
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Track parameter resolutions

CRAFT Alignment
+ Design Geometry

G p_rlpT

e Cosmic tracks split at centre
- Two new tracks reconstructed 0.051
— Comparison of parameters 0.04

;%\__!u;l’_lglllllll
s
o
=
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0.03[—
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5 10 15 20 25
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Entries 4204
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u Design I :;asn o.: g;;:: 04l Mean 0.001305
L S i —
: : RMS 0.2501
g 005 Cruzet Underflow 0.001665 o n _ Design l o tow oot
= U — CraftHIP Overflow  0.001903 K - Cruzet Overflow  0.01166
= C CraftMP 1 - | CraftHIP - T
c C Entries 4394 ‘E 0.08— ——— CraftMP Entries 4394
w C - -0.003867 | gy T Mean 0.001312
th 0.04— RMS 0.04726 5 B RNIS 0.2522
S C Underflow  0.002048 X - Underflow  0.01220
[+ — Overflow 0.001821 g o 06 I~ Overflow 0.01229
(™ — 1 —
[ [ Entri 4110 = L |
. 0.03_ moan oozl o Entries 4110
= * : = ~ | Mean 0.09561
‘% — SMS i -3 - I RMS 0.2856
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w 0.02 Overflow 0.008516 - Underflow 0.01484
o - = T o I~ Overflow 0.04112
" C Entries 2407 & - — AT
= C " Mean 0.001553 | m - e i
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Detector monitoring

e Tracker has extensive monitoring tools for inspecting event data and reco objects
- Provides immediate on detector performance issues and is used to classify runs quality
- Feedback often very useful for shifters and experts
— Has already revealed several, subtle effects in during global runs — some examples on next slides...

R Onfne - SiStrp - CMS dara quality - Mezill Fefox
File Edc View History Bookmarks Tools Help

& -»- & Q LY . cem i 6N W | B | [Clv Tracker shift list
LIRCMS [l Checkout ELOG BELOG (Tracker Cruzet) ) DQM Online
[ Run Control and Meritering Sy... " Online - SiStrip - CMS data q... (@ | 4 StipTrackerCommissioningShif... [ ELOG Tracker

CMS dataquality Online: 62815 . 91 2385187 . SiStrp, <1/1»

i woe™ mm e maL e Top-level summary of tracker status
B I (fraction “good”), based on “logical OR”
Shoms = Summary_ClusterStoNCorr_OnTrack_In_TI8 s'"':ﬂ ls Summary_ClustarStoNCorr_OnTrack_in_TOS :l::l ,‘,‘:; . . e
& = of Quality Tests applied to quantities
o extracted from module-level histograms
mmw b3 SiStrip 99.4% 66740 98 5340568 32" in future 1' 35" ago 14900 021 1273
EEIEELEZT;Z'L * o SiStrip Part  Status SiStrip Report Summary Map
‘_@ i %26 a0 e 80 100 120 140 €0 180 200 — F
:;”:Lm"h Summary_ClusterStoNCorr_OnTrack_in_TID al:u 2.:: SiS[rjp_TEcB 99% -g F
_ o M—]"‘“ SiStrip_TECF  100% E F
ST . SiStrip_TIB 98% 2 E
SiStrip_TIDB 100% o 7E
’ SiStrip_TIDF  100% a F
! SiStrip_TOB 100% @ F
>
1 ©
=
9500 ap e a0 Yoo 20 Hao ies " ad oo
Please fie any foature requesss and any bugs you find in Savannah Find shift nsvuctions here
= CMS “Data Quality Monitoring” web-based GUI,
showing S/N for “on-track” clusters ""Sub Detector Type
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— Some track-related trend plots

e Runs during the CRAFT data-taking period | ClusterStoNCorr_OnTrack_landauPeal CTme T
\ ® TOB
= i e TID J
350
0.1 M berof | ¢ 30- s 7R
0.08f ean number o s. e IO NORs S Y
VO tracks per event s 255— TS SN W S & B LU
0.06- 20 |
- i R S =
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0.02; i Y 5t
F | 1 | | | b | | =
(0 56500 67000 67500 68000 68500 65000 69500 70000 70500 71000 05
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- —|||l|||||III]IlIIIlIIII|IIIII|IIIIIIIIIIII|III||
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1 4:_ e RSTk_mean 5_— E .
N o o e A - A S
12 ,‘v:::,%&:’!?«. [ 4.5
- T S : j EER VA 4~ I
10 4 B ERT I - TR
- il [ T r i
8- } . L{ }' 3.5 § - J-i i
- . ,“ i N i o u
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Front-end synchronization issues
E S00r ® TEC E 500
= u A TB = -
- ®  TD B
400 — ¥ TOB 400
300 300
200~ 200
100— 100 :— - oy
0_ , , C Hed
-3 3 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
modulen °-3 ] ] ! 2 moduleﬁ
Modules with low charge
a E : H :
Summary_ClusterStoNCorr_OnTrack_in_TID 'E":::‘“ 3,2.2: % 70— v Latency scan
RMS 11.72 C :
2 gl | TOB
Before fix S/N for on-track clusters g F TEC
s S0
% - TIB
. s0= - TID
Problem due to incorrect delay 8§ 5 5 :
adjustments applied to| FEDs ie 30
After fix g o
© C :
3 10=
Homl L C
A T 02700 -2650 2600 2550 -2500 2450 2400 2350 -2300
latency (ns)
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High-multiplicity events

e Number of digis per event is not constant
— Digis are equivalent to FED zero-suppressed data
— Average number is 1000 c.f. 10M channels (so normally 104 effect)
— (Can ignore contribution from cosmic muons — very small)

TK Digis vs Orbit TK_digisorb
Entries 1279433

Mean 2.574e+07

Mean y 1093
NOT understood: RMS 1.453e+07
spikes, wiggles, jumps Subd IMS y 1600
TK
— TIB

—— TID
— TOB

TEC

5000

4000
4

l
300.0

Understood!
Temperature
effect 200'0 ‘
l ‘ ‘ ‘
1000 W"MLWTJJ%LLA
I . 2
\ 1 : !‘i.l !,i - { i .%JiTTxms
10 20 30 40 50
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“High rate noise”

e Noise in few TEC modules at high trigger rates [_Summary_ClusterStoNCorr_OnTrack_in_TEQ Enties 37090
F Mean 2917
— Small fraction of modules (~10-3) 4500 RMS 2258
— Low peak in S/N distribution for on-track clusters 4000 S/N for on-track clusters
3500 —
- Present only for low p, tracks (“loopers”) 3000E-
— Appear to be susceptible to fake tracks in TEC Ziﬁﬁ__l
— Source of the noise being investigated thoog— I All tracks
— Studies on-going, protection being prepared :JZE: [
b |
1% '!o' 206080 100 120 140 160 is0
| J
| Summary_ClusterStoNCorr_OnTrack_in_TEQ e
Entries 2514
- Mean 30.11
C RMS 17.19
350—
s00F S/N for on-track clusters
2502—
2002—
150 p; > 2 GeV
1002—
50;
oL | | | AR VS D I

0 20 40 60 80 100 120 140 160 180
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Conclusions

CMS tracker installed and commissioned

Fraction of working channels is >99% (will improve further)

Excellent detector performance (noise, signal, stability)

Synchronous operation with CMS during global runs

e Good alignment already achieved based on large track sample

e Detailed studies of global run data ongoing

e Eagerly anticipating first collisions...
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