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UCL
The CMS Tracker (1) Universit

catholique
de Louvain

End cap -TEC-

> All Silicon

» Analogue readout

- Sensitive area : 200 m?2

> Pseudo-rapidity : [n| < 2.5

24m

> Dry atmosphere
> T°:-15°C/-10° C
> Composed of Strip and
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Compact Muon Solenod

UCL

The CMS Tracker (2)

catholique
de Louvain

> Pixel detector

- 3 barrel layers (BPix)
R:4.4,7.3and 10.2 cm

2x2 forward disks (FPix)
z: +34.5and + 46.5 cm

1 440 Modules
66 M Pixels

Pixel size : 100 x 150 um

A\

\4

\4

A\

Principles of operation

Pre-amplifiers/
Particle Shapers

Implant, Metalisation
Ftype

Strip pitch, P
Implant width

(typ. 300um)
_+\

Backplane, i" - type si]icon+ Bias Voltage

- Strip detector
> 15148 Modules
> 9.6 M strips
> p+ strips on n bulk
> Pitch : 80 — 205 um
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First LHC Long Shut Down Universite

catholique
de Louvain

CMS simulation int. L=500fb™

Projected depletion voltage difference at 500 fb™' when running with
-15°C vs -20°C cooling plant set point before LS2 and -20°C afterwards

-
Q
ES
T

> Tracker at +4°C duringrun: £ ~ 30 fb-
> Attheend of RunlIl: L ~ 150 fb-

-
Q.
@
R

[number of modules]

- Operating colder : -15°%,;,/-10%,

> CgF,, cooling plants refurbished
> Improve dry gas system

- Improve sealing and insulation

~ Pixel faulty channels after run I
> BPix~2.3%
> FPix ~ 7.8 %

> Extraction from CMS in summer
2013 to repair most of them

> Reinsertion in CMS on 8™ December
2014
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CMS S UCL
2015 Commissioning Universite

de Louvain

CMS Preliminary 2010 CMS Preliminary 2014
T T

- (Calibration to account for the signal
loss in the readout chain

- Lower signal amplification
needed at lower temperature

> Ample room to compensate for

Number of fibers
Number of fibers

radiation damages Ganseting % nsauing
~Cosmic runs before pp collisions > Proton collisions with 13 TeV centre
> 0T (early 2015), 3.8 T (~March) of mass energy started on 20" May
- First alignment and timing scan > 0T at the very beginning
- Noisy pixel mask (<0.1%) > 3.8 T since the 6" of July
CMS preliminary Ys=13 TeV (50ns) CMS preliminary ys=13 TeV (50ns)
51.000_ 3,1.0“.‘.‘_:;52‘”!."..H.u‘.H
% 0'994: E o7 : « Layer 1
0.992E 0.6 - L;y;r 3
0.990]- 0.5 + Disk 1
0.988f 04 Dk
ot i s ot om om0 Bt Voliage (V)
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Compa
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catholique
de Louvain

Detector Alignment

»  Determine geometry parameters for each module (~200k
parameters to fit)

»

>

Several alignments in different conditons

Each time starting with the previous alignment

parameters

»  Pixel has been displaced w.r.t. run I geometry
(extraction/replacement + BPix recentering)

-
o
o
o

800

number of modules / 1.0 um

CMS Preiiminary 3.8T collision data 2015
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200

=ERRE RRRAE RAREE RERRS LLLEE RARES REREE RERES
- Alignment: cosmic rays+collisions T
[ —— aligned tracker

[ —— initial geometry at 0T

[~ —— Run | geometry
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median(x‘pred-x'hit)[um]

number of modules / 1.0 um
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CMS Preiiminary 3.8T collision data 2015

LR LN AL LN LN
- Alignment: cosmic rays+collisions
= —— aligned tracker

[ —— initial geometry at 0T

[ —— Run | geometry

0 h

[ =n

-20 -15 10 -5 O 5

10 15 20 »
(X'pred-x'hit)[um]

CMS Preliminary

E :I I LEELELIL I LELELIL I LILELIL I LENLEL 'I I LI I I'I LI I |:
3.3600F . red: z<0,%lack: z>0 E
> E oy * . ! o 3
43500:— a...z .'.; *3 ;
s \’i.aﬁ”‘i . 3

3400 3 s E: %iib E

C . o 1#* H ;

3200 E_ Alignment: cosmic rays + 0T collisions

Run I vs. Run I geometry

i

E|||||||||||||||||||||||||||||||||E
-3 -2 -1 0 1 2 3

¢ [rad]
Validation : refit the track with

new parameters and obtain hit
prediction from the other hits

Pixel mooves when magnetic field
is switched on

Relative movement of Pixel w.r.t
Strip impacts also Strip
distribution

Performance limited by statistics

EPS HEP

—July 22-29, 2015
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CMS, ! UCL
B Detector Status Université
de Louvain

CMS preliminary Ys=13 TeV (50ns) CMS preliminary ¥s=13 TeV (50ns) CMS preliminary Ys=13 TeV (50ns)
0 10 — J- o 0 o
. . . g 8 4 | 5 r 7ooo§ g %
@ @ @ (0]
> Pixel active fraction 3. - o gy S
= ‘m 8 8
3 F 5000 G 5
.. 2 -i;gp g g
> BP].X . 98.0]. % 0 xS Taong beam® 4000 < =<
A o - F 5 D'T
e 00
) ™ E ] %0 S 3
2 B 2000 ™ @
> FPix:99.98 % . -
‘ i 1000
s .
CMS preliminary ¥s=13 TeV (50ns) CMS preliminary {13 TeV (80ns) | e e B T o T B
1% [2]
2 i la iw I ol ol mm% < be B bl 2 il % Modules Modules
g il Bl FL I 12000 @ £ : ' = =I |.= = |': 12000 3
5 i I e B il el o & | " i o)
S huie Bobn ol ot allowd S be e sl il sl No sensor at o
el el
A B o< Bubn Bl ol alaly 3 these coordinates  Powering issue
o be i a ol =l 02 S bubs ol ol 2
g - n < 3 = I <
Sl I = o al 5000 S e baln ol ol wi 000
b B o ol wil b bl oAl ol
A b 12 b ol ol il 4000 = labn ol wll wl 4000
.I I .-l |" I |I‘ N & B ' ll . . I'l :.l 000
2 .lll .J |' Ill' 000 |h .I. .I’ |.I
52 52y 61 %15, Oty , Dot , o 120“" P 2ny, K1y, Ot Yo Otk °
L] L] L] L]
v CMS Preliminary 2012 oo ~ Strip active fraction is stable w.r.t.

EEEEGE W W W W W f’s X_T time. 2008 : 98. 5 %, 2013 : 97.48 %,
| 2015: 97.5 %

Telz  TeLs  TosLz  TosLe  ToBLe

g Egm 55 ¥ | | - > Faulty channels mainly due to
: — —— - Control rings

I S R A N NN K - HV channels

Y

> LV channels
> No impact on tracking efficiency

, Masked, Not
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UCL
Tracker is ready for physics Universite

de Louvain

CMS Preliminary - 2.74pb" - y{s=13TeV

-’E" - I | ! I ! | I ! . L | ;\{ | ! I I | I 3
- With a proper calibration, the ‘:;E 14 3 l
collected signal can be translated = 7
into an energy deposit (dE) %12+ T 158
> Accounting for the particle S i §
trajectory through the sensor, we 10~ —
can reconstruct its dE/dx which § 1
depends on its mass and s A
momentum § . 107
- From right to left (positive x axis) 61— i
we can see the Deuteron, Proton i 3
and Kaon bands
45 {10
- Expected asymmetry between
positive and negative charges (pp 5 .
collisions) ‘
ot 1

charge x momentum (GeV/c)
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UCL
Summary Chatne

de Louvain

> Tremendous work has been done during LS1

> Operate colder (L., ~ 150 fb-1)

» Cooling plants
> Dry gas system
- Sealing

> Repair of Pixel broken channels

- Detector commisssioned and aligned

> CMS Tracker is ready for physics at 13 TeV'!
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CMS, ! UCL

Track Reconstruction e
deLouvain
- Seed generation — oo

> Initial track candidates with 2 or 3 hits 00000 00——

. . . . Seeding
> Estimate tr a]ectory parameter S + uncertainties %} layers

> Track finding

: —O 00000 00—
- Extrapolate seed trajectory searching for a5

o, . —a—C0——O0—Q0 Q0 C—C0—9—C

additional hits V= -

- Update track parameters %
- Track fitting

> Provide the best possible estimate of the track 5
parameters Particle’ s parameters

(q/p,eta,phi,dz,d0)

> Track selection + hit removal

- Quality criteria (X2, Njyersy dz, ...)

These four steps are done iteratively with different seeds and selections
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Compact Muon Solenod

Tracking Improvement

UCL
Université

catholique
de Louvain

- Strip cluster charge cut to suppress out-of-time pile-up

CMS Data, 2012, {s=8 TeV, Preliminary

CMS Simulation, Vs = 13 TeV, ft + <PU>=40, BX=25ns

=F [ T = 0.57 ]
© f [ —— NoCut High Purity Tracks |
L | >0.45¢ .
008 25ns o [ —— Cluster Charge Cut |
inner barrel layer1 _ § 041 =
M on-track 2 0.35 3
0.06 — Coff-track — ® E ]
£ 03[ . =
ro¥ C +, 3
] E Fasd |
Q0.25- RN L =
0.04 — = + = - + B
_9" 0.2 - - * * + —
— & E . s . ]
- 015 L., ST e k!
i — 7 01h, e T 2
- Cogaes e ]
- 0.05— =
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0 100 200 300 -%5 2 15 1 05 0 05 1 15 2 25
cluster charge [ADC] Track m
~ Add tracking iteration for high pt jet and muons
CMS SimUIation > TTT ‘ T T ‘ TTTT ‘ T T ‘ TTTT ‘ TT ‘ TTTT TT ‘ TTTT TT
> . g
8 a N [] g 1 #e g @ 00000 —_— _._*ﬁ
s - o g = = =ta
© 0.95F i L - 1
= C ¢ -
5 : , . 093 1
g 0.9 3 41" Pythia multijet, 600<5,<800 "] L ]
_5 E ; ppm<10cm ] 0.96 |
© 0.85F pie! > 450 GeV, pI™* > 2 GeV - —| L ]
= F i i
0.8F H 0.941 . 2012 Tracking|]
F $  Standard Tracking L CMS Preliminary ) |
E E L 1 |~ +2 lterations ||
075 L b + Jet core tracking with MC truth splitting ] 0.92 L \/g =8 TeV, L=0.49fo ]
E + Jet core tracking and splitting : :
0.7 o 0.9 b b b b b b Lo Lo
10-2 10-1 1 2 15 1 05 0 05 1 15 2

A R(jet,track)

muon n
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CMS /! , , UCL
| Lumlno S lty Université

catholique
de Louvain

Compact Mu

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:40 to 2015-07-20 05:25 UTC
120 .

120

B LHC Delivered: 106.08 pb !
] CMS Recorded: 83.51 pb !

100 [~ 100
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Beam Pipe Position

UCL

catholique
de Louvain

5 CMS Preliminary _ 7.3 pb” (13 TeV)

E. - CMS Preliminary 2011 :E:
= >
27
0— i
i J
2
i i e
41
i \ | | | | | | ‘ \ ‘ | | | \
-4 -2 0 2 4
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UCL

Strips Calibration at -15°C Crihaaue
- APV's send data to the Front End Drivers iy oromors oo Analogue
through optical fibers f o T =
- Differences among the readout chain : | " =
(temperature and radiation) generate non- virbued nine |

uniform signal yield for a same amount of
collected charges = Gain parameter

Panel :
Experimental Cavern: Radiation Zone : Counting Room

CMS Preliminary 2014
L e  ERE R s e e e e

[ E

4000 Toooar = -15°C

= r [7] Gain Setting 0
= E. =
5 3500F []Gain Setting 1
5 F [ Gain Setting 2 |
8 E =
% 3000: [ Gain Setting3
Z 2500F- x

2000F

1500~

1000f-

500F

00 200 400 600

800 1000 1200 1400 1600
Tickheight [ADC counts]

o o
Run 1, +4°C Run 2, -15°C
CMS Preliminary 2010 CMS Preliminary 2014

E = T T T ‘ T T T | T T T ‘ T T T
3 - E== Gain Setting 0 [T =-157C
% 10°F = Gain Setting 1 < 10°F [ Gain Setting 0 E
5 - B Gain Setting 2 ] " []Gain Setting 1
= L B Gain Setting 3 [ [ Gain Setting 2
3 - - [ Gain Setting 3

102 4 10°F E

08 1 1.2

boidual,

s .I'IH .0n 175

600 800

| . 'Tick height' is the difference

between digital 0 and 1 issued by
APV's as seen by the FED

1 » Lasers on AOH are designed with

four gain settings (0, 1, 2, 3)
> Choose the gain setting in order to

0 0.2 0.4 0.6 . . 0 200 400 1000 S
Measured Link Gain Tickheight [ADC counts]  have homogeneous gain parameters
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CMS, ! . UCL
Track Based Alignment Universite

de Louvain

I I S Reconstructed » Determine the module geometry parameters
4 from a large sample of reconstructed charged

Real articles trajectories
’ // / p )

7’}5?{_.«*}{ » Principle : minimize residuals (x, - X_ )
/gf: - Alignment parameters per module: Ww, o u
v 2 - 3 positions , 3’%
/ > 3 rotations 4V i P !’/’ ,

> 2 bows
> 1 kink (for TOB and outer TEC)

real surface |W

frack r - [ .

uwl/,--' —
“du ——

Big challenge : determine simultaneously ~ 200k parameters with high precision

-30 um
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Run I Allgnement Université

catholique
de Louvain
Benefits from more statistics Pixel run I vs run II
CMS Preliminary 2011
m - T I T T T T I T T T T I T T T T I T T T T I T .
% 900~ —— Summer 2011: = -0.1um, rms = 0.5 um = CMS Preliminary
y o] C e MC ideal: n =-0.0 um, rms = 0.6 um ] , . . .
g 800;— ------------- MC 2011 Realistic: p =-0.0 um, rms = 0.5 um —; Alignment: cosmic rays + 0T collisions
* ool [ E Run Il vs. Run | geometry, shift x 5
- . >4 mm <2mm
600 =
500 =
ool BPIX :
3005— —f Z
2005— —f
1000 =
0 E I | I N | I - | | Y N | | | (- | ] .
-20 -10 0 10 20

median(upre d-uhit)[um]
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CMS

Pixel Hit Etficiency

UCL
Université

catholique
de Louvain

-
o
o
o

s =8 TeV CMS preliminary

1.000

0.995

Hit Finding Efficiency

0.990

0.985

0.980— | |

CMS preliminary 2012

Ys=13 TeV (50ns)

—
o
o
o

0.998

0.996

Hit Efficiency

Y
.
N
0,988
N
| EEU——

0982 __ ...................................................................

' Layer 1 Layer 2 Layer 3 Disk -2 Disk -1 Disk +1 Disk +2

D_QBD_II|IIII|IIII|IIII|IIII|IIII|IIII|II
Layer 1 Layer 2 Layer 3 Disk -2 Disk -1 Disk +1 Disk +2
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Pixel and Luminosit
catholique
de Louvain

CMS Preliminary 2012 fs=8TeV s =8 TeV
o 2O w > MO
D 215; Steerteas oL, o o] S | CMS preliminary 2012
- Pixel hit finding efficiency drops g = SE™ WW
with increasing instantaneous 3 Tt L B T |
luminosity 5 N Mo,
2 20k =098 ,
3 e Layer1 1 T "
° 195"y -+ Layer2 0.97F 1
o R « Layer3 I b . Layer1 g
19:_ '.- ] - = Layer 2
3 e 1 0961 piet?
20|06 - ‘30‘00‘ - ‘4006 - 50'00' - éO‘OC; | 1056‘ 2000 3000 4000 5000 6000 7000
Inst Luminosity (x10*°cm2s) Instantaneous Luminosity [ub™'s ]
r":|_| BU{}_I T | LI | T T I T T | T T | T T | LI | LI I T T
. . £ T CMS Preliminary n
> Leakage cur I'ent 1INncreases Wlth i 50{}:— Current scaled to 0 °C equivalent ‘—:
intergated luminosity =k + Layer L7
£ 400 — « Layer2 o o —]
o B « Layer3 .‘,.' .
o 300 ' -
S e o
S 200 '/ el -
g E f.- .#-l'-”-*-;
= 100 oo " =
- -’ ]
D: L L e by by by ._
0 2 4 6 8 10 12 14 16 18

—a
d

Integrated luminosity [fb’
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UCL
Old Dry Gas System Chaaue

de Louvain

Dry Air

Bottles /‘

Second line of backup S-way

valve

valve

2 lines
of backup

foriiota \
Currently
no backup
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UCL
New Dry Gas System conaoe

de Louvain

Dry Air
Bottles /
- 3-way
Second line of backup valve

3-way
valve

Connection made
but not yet active

2 lines
of backup

b

with backup
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