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Impact of misalignments
on beauty Physics at LHCb

Random misalignments
Residual misalignments

Weak modes

- competing effects: B field




LHCDb tracking detectors in short See also the talks by:

Tracking:
Expected tracking resolution
dp/p=0.35% to 0.55%

Vertexing:

Expected primary vertex resolution
~10um transverse plane and +60
in the longitudinal on&xpected
Impact parameter resolution

op=14um+35um/p;

Vertex Locator (VELO) :

21 stations, each in 2 halves
Each of 21 modules with R and

M arc Deissenroth

Christophe Salzmann
Outer Tracker (OT) :

3 stations, each divided in 2 halves
Each station contain 4 layers of modules
Modules made of gaseous straw tubes
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@silicon sensors

2-station silicon detector
Each station with 2 layers

Tracker Turicensis (TT) :

Inner Tracker (IT) :
3 stations, each made of 4 boxes
Each box has 4 layers of silicon micro-strips
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Random
misalignments

O Systematic study of effect of (random) misalignment s purely based on their size

O Does not involve any assumptions on quality of metr ology or alignment software



Study procedure

Goal of study

Study effects of misaligned tracking system on meas urements of B - hh’decays
= B - hh’ mode important / interesting:

- new physics sensitive extraction of CKM angle g (h=TtK)

- calibration channel fore.g. B - pp mode

- decay rather affected by misalignments given high momentum of B-daughers

O Create random misalignments for VELO sensors/module s
and IT and OT layers

O Choose scale (Gaussian sigma) to be ~1/3 of the det  ector’s single hit
resolution (called “1 @”)

0 Generate 10 sets of “1 ¢” misalignments and apply each

to 2k B - tutevents
(= 20k sample suppressing potentially “friendly” or “c atastrophic” misalignment sets)

O Likewise, create similar sets with misalignment sca les increased by
factors of 3 (3 o) and 5 (50)

0 Misalignments applied at reconstruction level to ev ents
generated with perfect geometry
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Scales for the 1 o misalignment set

Translations ( um) Rotations (mrad)
SUB-DETECTOR
A, A, A, R, R, R,
VELO sensor
3 3 10 1.00 1.00 0.20
VELO module
IT layer 15 15 50 0.10 0.10 0.10
OT layer 50 0 100 0.05 0.05 0.05
| VeloDet : Y misalignments | Entries 420 | ITLayer : X misalignments | Entries 480
” Constant 28 w 70 Constant 51
2 35— Mean 0.00014 2 C Mean -0.00063
£ C l Sigma 0.003 g : Sigma 0.015
5_ N 1°§
P oG5 DT 007 0005 0 'a:ol%is“' :.:1' 3ot 00 525 % 004 he 605041

Y (mm) X (mm)



Intermezzo: the B - hh analysis cuts

Selection cuts consist of various requirements:

O Particle identification:
K-tmtseparation based on PID likelihood difference ( Aln£,.)
0 Topological:
clear separation of primary vertex and B-decay vert  ex
B-daughters impact parameter (IP) and B -decay length significance
d Kinematic:
minimal B-candidate and B-daughters transverse mome ntum
O  Vertexing:
x2 of vertex fit to B-daughters
0 Mass:

mass window cut on invariant mass of B-daughters
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Impact of VELO misalignments (1/4) — no IT/OT misali  gn.

» Selected event numbers and pattern recognition

efficiencies after standard B - hh selection Pattern recognition
for “long” tracks,

l.e. tracks traversing
the whole of LHCb

NegectedB | Epatternreco (¥0)
Oo 4229 85.9
1o 3904 85.6
30 2241 83.1
S0 1106 80.1

O Effect on tracking is small-ish
O Very significant loss of events , has to come from the selection itself ...
= misalignments have serious impact on some selection variables

= systematic check of all of them ...
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Impact of VELO misalignments (2/4)

Oc
lo
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S50

Iyemries
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TT

N

Prim. vertex
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2 3 4 5 6 7 8 9 10

B0 IP significance

Biggest effect comes from tight upper cut on the
B-candidate IP significance, IPS < 2.5

Additional effect on lower IPS cut of B-daughters

Also x? of B-vertex fit is rather affected
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Impact of VELO misalignments (3/4)

“* Propertime resolution after standard B - hh selection
- crucial in time-dependent CP violation measurement s

jnof— }
T resolution (fs) 800,
700 ! 0o
OG 377 600; -._l:
500} 1o
lo 39.4 ook ‘[
: 30
30 58.1 o0
200} 50
S50 82.0 100}
o L b Lol ol
. o 9504 030201 0 0102 03 04 05
(sigma of Gaussian fit) trec = tiue (PS)
T
O  B-daughters momentum resolution: 0.50 - 0.52% @ Directiorf of B
O B massresolution: 22.5 - 23.5 MeV TT
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Impact of VELO misalignments (4/4)

*» Primary vertex and B-decay vertex resolutions
in selected B - hh events

Oo 9 41 14 147
lo 10 48 15 155
30 16 81 21 226
S50 25 147 29 262

Eduardo Rodrigues
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Impact of IT and OT misalignments — no VELO misalign

O Effect on tracking is small

4 Loss of events much smaller compared to the VELO ca  se
(~4% In the extreme 5 o case)

< Momentum and mass resolutions after standard B - hh selection

p resolution (%) M ass r esolution
Oo 0.50 (MeV)
10 0.50 = 2
30 0.54 — 22l
55 0.59 30 23.4
50 25.8

» p dominated by multiple scattering,
not single-hit resolution » at most of order 10% effect
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Impact of combined VELO, IT and OT misalignments (1

12)

» Selected event numbers, PR efficiencies and resolut lons

after standard B - hh selection

Negected | Epatternrece (Y0) | Tres. | pres. (%) | Massres. (MeV)
B (fs)
Oo 4229 85.9 37.7 0.50 22.5
lo 3892 85.6 40.9 0.50 22.3
30 2086 83.3 58.0 0.56 25.1
50 1040 78.5 78.6 0.63 25.5

= Effects are roughly the combined effects of VELO an

If software alignment is of order or better than “1

o” we are in business!

Eduardo Rodrigues
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Impact of combined VELO, IT and OT misalignments (2

12)

RESOLUTION

B-daughters momentum

B mass

B vertex

B Impact Parameter

B propertime

Affected by

VELO misalignments

no

no

yes

yes

yes

Affected by

T misalignments

yes

yes

no

no

no

no = very small/negligible effect

yes = significant effect




Residual
misalignments

O Study of remaining misalignment effects after appli cation of alignment algorithms

O Identify potential problems/biases of alignment pro cedure



Study procedure

O Sample: 20k minimum bias events reconstructed with

the nominal geometry

O Tracks refitted using a misaligned geometry databas

- translations in x applied to IT boxes, IT&OT layer

individually (x=measurement direction) following a

with widths:

(408 degrees of freedom
to align for)

e for IT & OT:
s, and IT ladders
flat distribution

Detector DoF Amplitude
boxes TX [mm] 1.0
IT layers TX [mm] 0.1
ladders TX [mm] 0.05 (*)
OT | TX [mm] 1.0
WS ITRZ [mrad] 0.15

O Alignment procedure based on the minimisation of th
using Kalman filter fitted tracks

O Translations in y and z, and rotations in y, are not
tracks not very sensitive to these movements

Eduardo Rodrigues
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Results at end of alignment process See alsothetalk by

Christophe Salzmann

O The overall alignment of all IT & OT degrees of fre edom followed an
iterative procedure

- 3 iterations are typically needed: '

8
IITI

B
™

Normalised total 2
-
=]
+a
T

d E.g., after alignment, the distribution of residual misalignments for
the IT has a Gaussian width ~20% the IT resolution  (=60um)

O After alignment, some weak modes may still be prese  nt

... but what is the impact on the physics studies?
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Effect on 2-body decays i :
1000~ %
B 8 &
Comparison: 800 ;‘ @
O Default: ideal geometry B o 8
60— I.ﬁl'ahgﬁed 3
O  Unaligned sample: before alignment R
O  Aligned sample: after alignment job 400:—
zoo:—
Sample of J/ W - pu events C
906 8010
Alm  yYMeV
nu
= - % _
é - s I g - . &
T3 S = B T~ =
g F gt
[+ B < B
40— S
- Unaligned | Unaligned
30 o Aligned .10~ © Aligned
B 4 Default = 4 Default
20 -
E / - 15
10— B— :
- » J/WY mass affected very little
O_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | -Aul_Y | | | | | | | | | | | | | | | | | | | | | | | | | | |
20 40 60 80 100 120 140 : 80 100 120 140

p/GeV V p/GeV



Weak modes

O Weak modes are linear combinations of alignment par  ameters
that are insensitive to the alignment procedure

O Constraints are typically applied to avoid problems



T-stations weak modes

0 2 T-stations weak modes identified, relevant to p determination:
- have no significant effect on the track fit X2

\
\

VELO I

X-shearing (IT & OT)
with a scale factor on Z

(eg.500 M@ T3 > 425um @ T2 & 312 pm @ T1)

T3x1

T T2 x 0.85
\—==b'.'a—": T1 x 0.625

\ Magnet focal point:
Z magnet = 5-15m

X

VELO I X

Z-scaling (IT & OT)
with a scale factor on Z

(eg.500 M@ T3 > 425um @ T2 & 312 pm @ T1)
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How weak are these weak modes?

Entries

Not a
weak mode

35; T e L 13:: e =
™ Random e il | -
f_ |:| Unbi d “ ; low u=_| ::ns::w n
:z; nhbiase 100: 500 um on X 350 [ 1500 umon Z
- 8ol . 300 || Unbiased
156 - || Unbiased 250
10;- 60; 200
55* 40— 150
o r 100
% . . . -
0.5 1 1.5 2 2.5 leNd: 20: 50
% 0.5 1 15 2 25 3 % 0.5 1 15 2 25 3
XN, ANy
Random misalignment of OT
and IT of 500 microns X-shearing with a scale Z-scaling with a scale factor
factor of IT and OT of IT and OT

» Very weak!

- no impact on the track x?!

- reconstruction efficiency unchanged
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Momentum and mass - parametrisation

How we measure the momentum?

w = q/ p . p—kick
true tiraje%ctory
At = B,dz=al o N
X + N N
px pz magnetic field seed track
VELO o .
G ic bi trisation: | 1AL H Z: 'Z \
eneric pias parametrisation: (0,0,0) TT magnet Zc T stations o Z

«=a,+Aa+a,0a

-

Aw:. x-shearing

o z-scaling

r~ _'89 ~ sd
P ah+Aw P = w, (1+00)
m = (1+da)m

Magnetic Field scale:
I, = A+ &)1,
m=(1+k)m



Effect on mass of 2-body decays (1/2)

» Bias on the mass after alignment:
- One can use several 2-body decays
Ks— 1T, J/Y — P, By— 1t
and plot the mass versus the momentum difference of the daughters

Example with 40 000 J /W

3110

®  Unbiased

® /-Common

# e e arts !
e,

% ;_ ®  Unbiased +J ,""" E
= C ® XCommon +‘ ++ "": 3098
= 3105 +++ = -
TE + = u
S sl 3097F-
Z 3100 st . S -
- * ™~ * =  3096EF
3095 ﬁ}ﬂ*ﬁ ++¢**% ‘*ﬂ::::g'“""“.ﬂ w4 +*+ +++++ ) - 0%:
- S ad 3"
3090/ oot 3095 :
A + 3094
3{}85?++++ + 15 MeV SV
3080F 3093

1 11 | 1111 I 111 | | I . I 1111 | 111 I 1111 | | I | L1110 | | =1 11 I 1

50 40 30 20 -0 0 10 20 30 40 50 50 -40

X-shearing example (J/ ):
(500 pm; 425 pm; 312 um;) = (T3,T2,T1)

Eduardo Rodrigues

PLO)-PU7) - (GeV)

1 I
-30 20 -10 O

Z-scaling example:
(500 um; 250 pm; 125 um;) = (T3,T2,T1)
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Effect on mass of 2-body decays (2/2)

(MeV)

Mass Resolution

X-shearing with a scale factor

of ITand OT
356 J/ 72 I ndf 2.431 /4
C| Yy—UHU Prob 0.6571
= p0 19.92 + 0.6532
0E] . Bd ST p1 1.384 + 0.2541
§ ;/
20F
15
= . * > ol
10
- 721 ndf 0.6028 /4
s Prob 0.9627
YE po 11.43 + 0.2649
- p1 0.2377 + 0.09289
0— | | | M N
0 1 2 3 4 5

» For the B 4 the mass resolution is rather sensitive

Scenarios (X-Common)

(MeV)

A Mass

(g
4

Z-scaling with a scale factor of

IT and OT
* J/lp — LM %2 I ndf 0.01946/ 4
Proh 1
. Bd — LT p0 -0.001686 + 0.6001
p1 0.2724 + 0.199

i ¥2 I ndf 0.05825/4 H

= Prob 0.9996

— po 0.04525 + 0.2621

= p1 0.1682 + 0.08613

1 1 1 1 | 1 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1
| 2 3 4 5

- because of high momentum of B-daughters

Scenarios (Z-Common)



Weak modes and B-field

d LHCb B-field map known to 0.3 %o

At, = j Bdz=cly & ={z B e e
px + pz %“- 30:059_: ;..... :1 :-g?'.: i g::g:; .......................................................................................

O S B R .71 F U St (R

G SNSRI R NS, S -st S S S—
S (N W —

Magnetic Field Scale: 3094_5? ....................................................................................................................................................................................
S N et (S SN DR A

. worst . 0k0.1% ~0.3MeV

|, = (1+ d() | B o S A— H— —— — ——

m = (L+&)m | | | o

.. to compare with z-scaling: £ ool
e B-Scaled
U -
m = (1+ 50’)m 700} ] Unbiased
600—
_ o o B scaled
d T-stations Z-scaling induces a ook
mass bias identical to rescaling 200f-
the B field foof-
% " o5 1 15 2 25 3
22N g

Eduardo Rodrigues LHC Detector Alignment Workshop, CERN, 16 June 2009 24/26



Conclusions

d LHCb has studied the impact of tracking stations mi salignments on
the physics performance under various perspectives:

- random and residual misalignments, weak modes

O Results are rather reassuring and give confidencet  hat we can deal
with the expected misalignments:

- B-event selection particularly sensitive to VELO m isalignments,
but the latter are well under control

- momentum and mass determination not very much affe cted by size
of expected misalignments
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Back-up slides



LHCDb

Forward spectrometer

Acceptance: 1.8 < n <4.9
Luminosity: 2:1032cm=2s1
Nr of B's / 2fb-1 (nominal year)s 1012

Detector: excellent tracking
excellent PID

Reconstruction:
- muons: easy
- hadronic tracks: fine
- electrons: OK
- 0s: OK, though difficult
- neutrinos: no

Tracking:
Expected tracking resolution
op/p=0.35% to 0.55%

Mission statement

- Search for new physics probing the flavour structu
- Study CP violation and rare decays in the B-meson

B flight path of the order 5-10mm

gcar HCAL

SPD/PS
RICHZ pp

Magnet

Vertexing:
Expected primary vertex resolution
~10um transverse plane and
~50um in the longitudinal one
Expected Impact parameter

Eduardo resolution 0,p,=14pm+35um/p;

RICH performance:

Cherenkov angle resolution 0.6-1.8 mrad
Particle identification in p range 1-100 GeV
77 K ID efficiency > 90%, misID<~10%

| o(E)/E = 10%VE +1% (E in GeV)

CLULULUT ANTYTITTICTIU VVUTROTTUMY, LT\, LU JuUTll

re of the SM
sector

Calorimeter resolution:
Design ECAL resolution

HCAL resolution from test-beam data
o(E)/E = (6915)%\/E+ (9£2)% (E in GeV)
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IT & OT alignment procedure

IT Boxes alignment

:

IT Layers _Elignmeut

OT Layers alignment

:

IT Ladderi alignment

OT Layers alignment

Pattern Recognition

il - — — —

i

Kalman—filter track—fit

¢

Track selection

:

Computation of the
alignment derivatives

¢

~Solving of the
alignment equations

:

Update of the
alignment constants




Effect on reconstructed o

O Reconstruction of high momentum & clean tracks with

. o a=q/
iIdeal/misaligned geometry q’Pp
— 2D distribution of - w, versus w
o 0_12X1°'3xz/ df 2.544e+06 / 4
> - I'On ] ot
8 0.1~ :;Jb u¢1.41g
. ~ ~ P 2.246e-07 + 2.574e-12
e.g. 500 pm in x 0.08
—> absolute shift of ~10 4 GeV1 S oo
on the reconstructed 0.0aF-
o.ozf—
05~ q00 200 800 400 500
X-Translation (um at T3)
. x10°
3. X’/ ndf 0.02601 / 4
~— Prob 0.9999
e.g. 500 pmin z PO 0+ 1.414
g 005 p1 -3.385e-07 + 1.999¢-08
= ~0.15%, error S
on reconstructed 0.1

-0.15

-0.2

S00 200 300 400 500
Z-Translation (um atT3) 126

o
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