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Timescale

LHC beam  November [gigBNz[0]s}

run w/
Velo, IT, Calo

September COSMICS

LHC measurements

magnet 19t
quench Sept.

1st LHC beam 10th run w/
circulating Sept. OT, Calo, Muon LHCh
LHC injection tests August &

run w/
(TED data) SEacClyldl \elo, IT, Calo, Muon

LHCDb ready for data,

1st cosmics taken Marc Deissenroth 4 /17

Cosmics and TED data very valuable — extra year was very beneficial for LHCb

Hopefully we have not to rush into high lumi phyics data taking too fast.



Commissioning with cosmics

» ATLAS & CMS were showing wonderful alignment results using cosmics

» With and without B-field, very valuable tracks connecting detector halves

which are otherwise hard to align relative to each other




Commissioning with cosmics

LHCb geometry not suitable for measuring cosmics,

only useful for large area detectors

» events triggered with ECal/HCal & Muon

» trigger rate ~ 1 Hz

3 million events (2007-2009)

no velo/ almostno TT

— no momentum info

extreme track slopes

(large clusters)

cosmics used for time
and spatial alignment

of sub-detectors

Muon




Calorimeter

» detect 15 consecutive bunches (normally 5: Prev2, Prev1, current, Next1, Next2)

usefull for relative time alignment of different sub-detector
» use tracks in the calorimeter to test efficiencies of PreShower and SPD

» test channel mapping in the software

a lot of crucial detector-software debugging, which would be hard in a busy

environment
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Time alignment of Muon Stations

for alignment misaligned, as expected

use forward tracks | ts;ckwardtracks

Marc Deissenroth

expected arrival time w.r.t. reference



Spatial alignment of Outer Tracker

Dedicated OT seeding algorithm required to deal with angles, large clusters,

non-calibrated drifttimes and large XQ.

Residual misalignment of 0.5mm after surveil expected for SciFi as well.

e global ¥? minimization method for alignment
* cross check with mean of track residuals:

alignment accuracy:
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Commissioning with Comics (IT, TT)

ch b e § ;
THCE Commissioning with Cosmics
Low rate of cosmics due to the forward geometry of LHCb
E‘N]"u T H":._
! -"Ji:l'-“' : w;_
PR -qu--
-nn; e L :u-_:- = s
"
L T R R T R b e s e e
IT 2008 cosmic running TT 2009 cosmic running
2.6 million calorimeter triggers Few cosmics 2008 (trigger is far away)
3 cosmics going through 3 IT boxes Scintillator trigger close to RICH]1
~ 1000 through 1 IT box First coincidences (TT/RICH)
First signals + coarse timing

courtesy M. Needham



LHC synchronization test
in August and September 2008

O Beam 2 dumped on injection line
beam stopper (TED)

O Beam
m 1shot each 48 seconds
m About 5109 protons per shot

0 TED is an absorber at the end of

the injection line
|

4m tungsten, copper, aluminium, i

graphite rod in a 1m diameter iron o E?;%I;;"gecg%
casing = N\, Graphite
® 340m before LHCb along beam 2 . \ \ZZ; N

® 8 mrad horizontally and 12 mrad
vertically from LHCb beam axis

;E Silvia Borghi TIPPog - 12 March 2009 9




TED data

» Spray of ~ 10 GeV muons in the detector (no B-field), occupany (for IT) 10

X higher than in normal running, almost perpendicular to the planes

» Wealth of data (50k tracks in IT) from 3 days of data taking in June 2009

(IT was in open position, in general detectors have been in very different positions

during commissioning phase)
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ST Time Alighment

time differences between stations due
to different cable lengths and

different ToF per station
Syncronize sampling time vs. max signal.

Just loop over all clusters, no pattern recognition

needed.

not synchronized

Central
Entries 10495
Mean 44.63
RMS Z8.71

IT-Tot_ Charge_  SvceBox/ITZA3/Central

signal

<3

MPYV value given by the fit
MPWV=28

MPV [ADC]
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) TT Time Alignment

Adjust timing delays of
four quadrants of TT

Plot signal versus sampling
time

AB - Previ1 (run: LowintensityRuns)

™" T S . |

MPV ~ 25 ADC
1 counts 1

bbbl
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20 a0 a0 50 &0 n 80
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T oma = 46.59 + 0.29
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T max = 45.58 = 0.51
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ClockDes ! delay (]

Scanning sampling time =——

Internal time alignment of I'T and TT better than 1ns after calibration. 12



I HC

mﬁé’i IT: Spatial alignment

“TED events”: occupancy too high for IT1 IT2 T3 AF
standard track finding. Xl Vo Tﬂx X UVX, ]
Survey =»Pre-Alignment =»Alignment \ \ I / >
used to used to get | TED
confirm the residuals
track

Simple pre-alignment tracking

* Draw a line with hit in 15t layer of IT1
and 4t layer of IT3

* Line should point towards TED
» Confirm track with another hit in IT1 or IT3
* Residuals in IT2

Fa 20000 v D008

Survey

Box photogrammetry (~ 1-2 mm)

)

Layer survey ( ~ 50 ym)

- | m u ¥
; E L/
- WH W FEw .. kel bl il -
u“LrLl I.’ 4 I.iLll.L II l.JnJ“I.A_AJI LLJ.Lz LLJ:LI I:..:‘ iy - - . : > -_‘ Dnl}; x Iayer Surveyed

] . ] Ladder survey (precision: ~ 50 ym)
Estimate of x position of the IT2 station boxes SN % faaders Suiaved

15
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LHCD

“i“ IT: Spatial alignment

Pattern recognition

Alignment. Y
4 |  Default track fit |
* Use TED runs with lowest occupancy Y
: e Track select:
« Standalone IT reconstruction pointing towards TED % s 'T Gl
—_
+ Alignment of: = Alignment
{-tr (*)
il Boxes in X, Y translation and Z rotations . tlﬂ(‘l;llleﬂlﬂd
2. Layers in X translation and Z rotation 3
: : Update of tl
3. Ladders in X translation R iomspnahons
alignment constants

« Strategy: Evolving %> /dof of reconstructed IT tracks for track selection with iteration
» Ladders were aligned to ~ 20 um precision with 2008 TED data. Will improve in 2009 TED

A0

xem

?“.:..:3. o P T“‘." ......
"""""""""""""""""""""" = Heat
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TED R K0 Hdll Bl AR T il
xem
(*) NIM A600: 471-477, 2009 16
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rLHCD

“iﬁ‘i TT:. Spatial alignment

“TED” events

* No standalone TT track reconstruction, TT has only 4
layers (X,U,V,X)
» Track candidates from the VELO extrapolated to the TT:
« Search for hits in the TT (min 3 hits in 4 layers)

» VELO acceptance very limited -> small region of TT
illuminated by VELO tracks around beam pipe -> no
individual module alignmen

= Survey => Align full station in x and y rotation

Survey: Full station (500 um) Module support (50 pm) Sensor metrology
assembly (10 pym)

Extrapolate VELO Track candidates > 4

35

30

25

20

15

10 -

2008 TED run

1T

A side |

C side

IT ( |' ) IT

Overlap of silicon detectors for
the tracks coming from TED

TITTTTTITrT I e rrreT
| Ikl I | | AR |

! Entries 5070
v | A o 92.67 / 96
PO 24.16 £3.56
p1 -0.147 +0.064
p2 0.4762 +0.072T
g3 9,741 +0.337

Residuals in TT (TT a/U)

courtesy Abraham Gallas
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.L“i;ﬁbg TT: Spatial alignment

Residuals of TT hits to extrapolated VELO tracks

Nominal Survey Aligned

| Residual for TT | | Residual for TT | | Residual for TT |

E
2201
2001
qu
160
1401
1NF-

muf_— 3

Mean: -0.404 mm Mean: 0.162 mm Mean: -0.053 mm
Width: 0.655 mm Width: 0.526 mm Width: 0.519 mm

Only alignment of full station

19
16



Vertex Locator alignment (TED)

_ G AT . . Module alignment

- xandy wn  asws-onss | ® @lIGN Velo with accuracy

.. translation | | —————=— data from TED

10f run 1 and run 2 X and y translation:

o in 2008 Sum

of * plot difference of 2 rotation (y):

4 ‘ ~ constants 200 prad '

2

|
T e | e i T Ty 3 1'J:' —35 20
Diff. of Align. constants [um]

= h Binary resolution = -
EnRsensor | s e TED data resolution
£ 36 = matches binary

E resolution

25

2 (Test beam data with

s optimal threshold

10E- settings)

s

T T T | I Ll 1 1 I Ll 1 i I L i I T - I L i i I -
% a0 50 60 70 80 90 _ 100
Pitch [um]

Marc Deissenroth 2 i [ I




Summary of pre-beam commissioning

» need to be able to trigger with simple triggers on special type of events

(depending which detector component is available at this time)

» need to be able to adapt/rewrite algorithms flexible (only one sub-detector
component, different slopes, no B-field, no pointing back to the PV, different

occupancies, ...)
» flexible code and well trained people needed to put their hands in the code

» very usefull data, complementary to beam data (no B-field, low occpancy,

detector (partially) open, parallel tracks (binary resolution), all about 10 GeV

» very much hope to get some of this data in 2020

there will be huge pressure to show results on this data

With a hand full of events the detectore was in pace up to 4= 10-20% of the expected

performance at the start of pp collisions

18



Finaly first pp collisions

23.11. 2009 17:59:29
Run 62558 Event 278

19



s LHCb vertex detector consists of two movable halves —

s to correct for di-pole, angle of beams depends on energy

..................
----------------
..............
..........
------------------
................

=» velo can only be safely closedif E > 2TeV

=» at 450+450 GeV
s reduced phi acceptance

s poorer vertex resolution
(but in agreement with expectation)

Moriond EW 2010~ W. Hulsbergen (Nikhef)

NEREEERE

|_
mc (Pfefx)H ,
2009 data (prel.)

] |

Early measurements mainly based on downstream tracks.

How to measure downstream tracking efficiency witho

ut tag tracks in the velo?

20



JHeh primary vertices for beam-beam and beam-gas collisions

Velo A-side

A,
ﬂ“iﬂ il
(I

Green:
vertices in beam- heam
crossings

III ||| |||| (1|

Velo C-side

no constraints to origin of the tracks in the velo pattern recognition




resolution of difference in x,,, vs # tracks

: “'35 [LHCb VELO Preliminary
s vertex resolution measurement -50.25;- - Data, Velo at 15 mm
s+ in each event, randomly split track set in 2 2 oaf B i v
s reconstruct PV with both sets Em 5:_
+ estimate resolution from difference E ot
= within 10% of expectation from MC Eu.usz—
T Sy
= excellent PV resolution allows to measure size and # tracks
position of both beams BesmCrossing 2209
» feedback for LHC (e.g. VdM scan)

allows direct measurement of luminosity at LHCb

~f.d}

¥ imend

=0

.. Xy projection

145 0.2 Y] (T ¥ 10
® |rrm)

—1500 ~ioon = —s‘lnn- 0 =04 1600 15I|:u1 SEE HISD YSF: P HDpChE\F,

“Luminosity measurement at LHCb"

Moriond EW 2010 — W. Hulsbergen (Nikhef) 15
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s good impact parameter crucial for prompt background rejection
s performance also representative for proper time resolution

s in LHCb usually presented as function of 1/pT:

resolution of distance of track to PV versus 1/p,

0.35| Velo at 15mm )z
—— 2009 Data e _"+"_i_
0.3 _—*— Simulation _*_j:—‘-_'__ = 1 nOteZ VELO Open
0.251 e
Eoaf . >
u.tsf— = .
I = factor ~2 improvement
WL e with VELO closed
0.05—
- LHCb VELO Preliminary
R T CRRY

3 3.5 4
1p, (GeV™)
» |P resolution within ~20% of expectation

s more than sufficient for trigger and physics analysis — true for selections
s improvement expected with better alignment not true to resolve B4 mixing

Moriond EW 2010 — W. Hulsbergen (Nikhef) 16
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s spectrometer performance estimated from mass resolution of VO signals

Mariond EW 2010 - W. Hulsbergen (Nikhef)

K.—n'®n A’— p'w
Zow- | F1e0—
| T: m = #96.9(2) MeVic? o = 1115.7(1) MeVic?
:F o =/4.15(13) Meviez ~ Fr = 1.44(11) mevic: | LHCb 2009 data
= | %100 (preliminary)
15[ a0_
"HIl:— Eu:_
E an—
5o 2
i i +I+ | 20 : - _.I
Yoo im0 a0 960 180 50050 50 ﬁﬁnmfﬂﬂmu_] Yos0 ToB0 1100 110 1120 1130 Tid0 1150 I'It;?;::-;,',llﬁiﬂ
%MU— 2 e
i ma WT.H2) MeVie  Fu m= 1115.7(1) MeVic*
3 o = 3.59(13) MeVic? Em:' = 1.2(2) MeV/c?
fi100_ _ ROE o |= 2 { ) eVie LHCb 2009 MC
L 25 " =
i i (preliminary)
EI:IZ— 15é
-mj— mE
20 oF
g T e T i D Yoa0 :

m,. [Mev]

rai ALk 2 K L 2 SN O (T DS (PO S
1080 1100 1110 1120 1130 1140 1150 1160 1170
. . [Me

[MWew]

s momentum resolution about 20% worse than in simulation
s analysis of spectrometer alignment in full swing
s expect significant improvement once we have collected large J/w—uu sample

See also YSF: S. Stahl, “Ks reconstruction performance in LHCb”
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J /1) mass

Status June 2010:

3100
E 1 l
— .l. | |
3093~ | | figld up
o $ field down
I |
3090 ? |
I T |
e |
08— . ! . .
0 1 2 3

angle of decay plane norm with Y axis

s note: the angle tells you whether you are dealing with 'sailors' or 'cowboys'!

s next step
= use this in alignment (already tried, actually)
s understand why alignment doesn't fix it ...

25



({468 B-field scaling - z scaling %

How can we distinguish between B-field scaling and z scaling?

— discriminating variable:

AP, =P, — P ( Marco Rothley)

Ap. .. downstream momentum in x-direction obtained from a track state after magnet

T - o [

Ty Tz T3 T: Tz "Ta
§3.1n4f—
- ‘__._+++J._ . .
Rl B-field scaling: global offset
a2 MC J/W
:!,101;-
e g z scaling: K. with large Ap, are more affected
E + 8 X
e | |
LR no scaling
3 N 5 R T I—
p, [GeV]
03.06.2010 Tracking & Alignment Workshop 5

courtesy Christian Linn
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Status June 2010
{468 B-field scaling - z scaling 2103

downstream long tracks
- 1
> i %- -
E‘ u_s__ E.. 0.8
E E P
= 0.6 t <1 0.6~
- | 1 1
| 0.4 | T I
0.4 7
_|_ 0 2'_'_ +++
020 TTH MC - { MC
oF o
0.2 + data -0.2- o data
-0.4f " | -0.41- =
- |
-0.6|- ++ 0.6~ + :
-0.81 : -0.8/—
:|-|..|.|,l|.||,|||,|||||||‘JI '_||||||||||||||||||||||||||||-||
-1000 (I) 1[]'00 2000 3u|00 4000 5ulug 6000 -11)00 0 1000 2000 3000 4000 5000 6000
A Px downstream [MeV] A Px downstream [MeV]

* MC almost flat, clearly not the case for data

» differences in shape for downstream and long tracks
— probing different z scales: Velo — TStations, TT — TStations, TStations internally

03.06.2010 Tracking & Alignment Workshop 6 27



Unwu‘slty
& of Glasgow

ﬂiﬁ

IPy Resolution Vs 1.Fp

0.09F - VELO Closed LHCb VELO Internal
[ —s+— 2010 Data, Old Align.
0.08F
g 2010 Data, New Align.
ﬂ_ﬂ?é —— Simulation
0.06)-
E0.05
E
0.04—
0.03—
- A 2010 Data, Old Align.: 18.4 + 24.0/p_pum
i = 2010 Data, New Align.: 14.9 + 24.8/p_jim
T E | Simulation: 10.1 + 20,1/p_pm
u‘ O Y N TN Y T T |
0 05 1 15 2 5
1/p. (c/GeV)
Mean of IP, Vs 1/p,
" | VELO Closed LHCb VELO Internal
0.008r _, 2010 Data, OId Align.
0.006 —=— 2010 Data, New Align.
0 DM: —— Simulation
= . .
o.002f- Tt T e S =PI
E Oy g Ty gy T v B = = _‘ T
-0.002[ =
-0.004
e
-0.006—
-0.00B—
_0101n_||.|a_l||.||||||||a|a|]|;;||;|||
0.5 1 15 5
1/p. (c/GeV)
03/06/10

IP resolution

Effects of Improved Alignment

' IPy Resolution Vs 1.~‘p

n‘ng £ £ VELO Closed LHCb VELD Internal

—&— 2010 Data, Old Align.
+— 2010 Data, New Align.

—*— Simulation

DUB'-

0.07 ':

ﬂﬂﬁ

r"IITI'I'I'I'l'II I—l

2010 Data, Old Align.: 15.5 + 24.1.lp_r um
2010 Data, New Align.: 14.3 + 24.6;‘{}_' wm
E Simulation: 10.5 + 19.7/p_ pm

0 0.5 1 15 2

1, (c/Gev)

Mean of IP, Vs 1/p,

oo
- LHCb VELO Internal
0.008/—

0.006—
0. ﬂﬂ#%_
0.002

E J'_'_' - j*‘"’;:"—rﬁf—i‘*, ‘_i__*_i—ir
0. llﬂ2 I—

2. '1'14 © VELO Closed

-ﬂ;ﬂﬂﬁl' —a— 2010 Data, Old Aiign.

; —=— 2010 Data, New Align.
0. nna
[ —*— Simulation
0. 01D

|||||JJ|[]|J||I|I.|.|J|L||||I.|

1/p. (c/GeV)

IP Resolutions

8
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Weak modes

Most of the problems didn’t had one single reason.

B field map was measured (at a few spots) with open not with closed detector

rest extrapolated from simulation — new map brougth some improvements

Very little crossing tracks in neighbouring modules.
— heavily rely on good initial positions from survey to not run in local minima

— new survey parameters contributed to improvements

Survey are often taken in open position and different reference frame than the
geometry DB used for reconstruction, a lot of communication and common work of

software and detector people needed to translate them properly.

Included B field on and B field off data (including TED data = high momentum

tracks) and resonances to alignment.

To get within 10-20% of simulation is relatively easy, then the hard work starts.

29



RF-foll

Surveil matter distribution (not only total matter content of subdetectors)
Describe matter distribution properly in the simulation
e.g. RF foil:

Shape of RF foil was wrongly modelled
Slight difference in the curvature, changed the amount of material traversed in

average and the postion of the scattering — simulation was too optimistic

30



Since 2012 very good agreement between data and Monte Carlo:

Current vs. Upgrade

100
90
80

IP, resolution [pum]
W = Lh
==

current data current simulation

e T e |
=T = =

-2
=

Vs=8 TeV

=~ 2012 Data |

—=— Simulation

IIIlIIlIiIIII‘llI IIIIIIII Ilillllll

12012 Data:c=11.6+ 23.4}’;}T
- Simulation: =116+ 22.6/p 4

LHCb VELO

0 1

2 3
lp_ [GeV" le]

current

LHCb simulation

2

3

lip_ [GeVc]

upgrade simulation

It will be tough to be in 2021 out of the box better with the upgrade detector

compared to the current one.



Impact of mass constraints

First versions of LHCb alignment in 2010 showed large variations in
masses versus kinematics: Variations so big they degraded the
resolution

e.g. angle between decay plane and field

Studies of mass identified problem and allowed to fix

E

Ay MeV
=

LHCb Preliminary

iy

Better
alignment

.

ot i =, T
BoOD  EBROD 9000 9200 9400 9600 SO0 10000 10200 10400 [(6G00 |0k
mip ) [MeVie']

(see talk from Matt in RTA general meeting)

e B85 8 B

LHCb Preliminary

H b 4k
- % F O i

S500 RE00 Q000 930 400 G500 9800 Iﬂ.‘lﬁ[ﬂ?ﬂ]lﬂﬂh:tﬁtﬂ]m
) [MeVie’]

I

15 3

KEEP
CALM

AND

BE
PREPARED
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Mass resolution

. o 1 I | 1 | T [ |

Early alignment, o 80F 4 =

not using resonances %E =

and all survey constraints = 75 3 =

°© 70 ® (Calibrated E

65 4 Out the box =

60F- =

5 e Higher beam =

Alignment using all constraints —=-f energy -

SOF- s =

: : ~ -

) 45 e e A & A =

Introduction of the S - * . L é 6 -

local calibration with B* = J/i K* 40 ] | [ : : : =
2010v3  2010v42 2011 2012 2015 2016 2017 2018

mass resolution in MC: 37 MeV

(see talk from Matt in RTA general meeting)
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Momentum resolution

20008
S0.007 F
0.006
0.005

0004 o oo™ o

0.003
0.002

0.001F LHCb simulation + upgrade. only with UT

I_]:

|
_\
|

‘+‘ current, only with TT

S

.m. '

030 a0
P [GeV

Lh
=

We expect 10% improvements in momentum resolution in the ideal upgrade

detector compared to the current one from simulation [from Tracker TDR, 2014].
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Current vs. Upgrade

If we compare Forward tracking of current and upgrade detector for a

sample v = 7.6 the upgrade detector does better :-).

efficiency

—

09F

0.8

0.7F
0.6F

0.5
0.4
0.3
0.2
0.1

FEPE== T i b : E ! I I I =
g - E £ 09F =
B —] W - ]
=. —— = S 08F ‘+‘ current —e—"
—— ] = - = ]
e = 0.7F — ]
- — = 06f T upgrade =
= . 0.5 e 3
= = 04 e = =
= + current | 0.3} — ey =
_ + upgrade LHCb simulation _: 0 _ il . : £
3 4] 01E = = LHCb simulation =
1 ! 1 . . L ) =
0 10 0 0 10
#PV #PV
e I T
2 | -
S qocl :
5 0.95F s o o
S 09F = TR e
= E ‘+‘_+_ ++++:$5
ossE 4t ety e
S - + R ]
0.5 % + current |
0.75F . . e
s LHCb simulation + upgrade
Ll L L | P L L : | L " L " [
0.7 > 3 4 5 35



Current vs. Upgrade

If we compare current detector at v=2 with upgrade detector at v =
7.6, the upgrade will do significantly worse :-(. input from Velo is actually better

efficiency

0.9F

0.8

0.7F
0.6F

0.5

0.4
0.3f

0.2
0.1

—
T

I ‘ I I : 7 & l = l I =
R : = £ 09F =
—_—— ] ol = =
= = S 08F ‘+‘ current —e——
—— = 07 - —_— R
= — = 06f T upgrade T 3
. 3 0.5F e
5 = 0.4 o —— E
= + current 03k e g :
E + upgrade LHCb simulation _: 02 _ e . ; _
|- 3 0.1F o LHCb simulation =
1 l 1 . A =
0 10 0 0 10
#PV #PV
= Ip T
[} |- -
= - ]
5 0.95[ - - _—
S 09F = TR e
r ‘+‘_+_ ++++=$E
ossf 1+ttt PRis z
it o + R ]
05 % + current -
0.75F _ _ E
s LHCb simulation + upgrade
Ll . . | . . : | . : . : [
0.7 > 3 4 5 36



MASS WINDOWS

fix normalisation from
integral of common
central mass region

34

HIt2CharmOSTF2Body HIt2CharmOSTF2BodyWideMass
Mass Window: 25 MeV . Prescale: 0.01
16 MeV p :
0~8 MeV
- = s S »
A

use sidebands from
wide mass trigger

| S

courtesy of Marco Gesabeck

T -50—-28 MeV +28—+50 MeV
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MASS FIT IN PRACTICE

L D° s Kz Mass

Entries 611630
| Mean 1864
RMS

LHCb Internal

7.144

» Use central region from signal
trigger, side bands from wide mass
trigger
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» Background shape constrained
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2009 — 2021

Our disadvantage:

» Less time for commissioning before the start of pp collisions
» For good or bad we will likely/hopefully get faster high luminosity running

» Experts of the pattern recognition algorithms must contribute to the

commissioning

» Expectations very high due to the excellent performance of LHCb Run 1+2
Our advantage:

» Have a lot of (fancy) data-driven tools we can reuse from Run 1+2
(tag & probe for tracking efficiencies and PID calibration, ...),

it is however critical to understand the data first to be able to use them

» We will have more data, but likely with lower quality ...
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