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VELO systematics and physics
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% Any systematic effects / biases introduced by mis-u nderstanding /
simplifications of VELO calibration / response /da  ta reconstruction/ ...

% VELO group has so far focused on detector design, ¢ onstruction,
installation and commissioning

s Time to use all the expertise to bridge with studie s of relevance to
physics analysis

% Group needs to tackle assessment/impact of VELO per  formance on the
guality of the physics output

% We are in an ideal situation to do so ... ;-)



A non-exhaustive shopping list

Main idea:
Brainstorming with VELO experts on areas of reconst ruction that can be
improved among those that have most impact on physi cs performance
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Improvements in clustering algorithms
Eta correction to cluster position — iImpact on tracking?

Tuning of resolutions with data: so far simulation has tuning from
test-beam data, but better estimate resolutions dir  ectly from data
Cross-talk corrections from data: is this issue ful ly solved? Do we

have the machinery in place and implemented?
Study of calibration strategies from (real) data

VELO data quality and vertexing (measurements errors)
B-field in VELO: really negligible / irrelevant for e.g. K, analyses?

Propertime resolution models studies:
c.f. studies from Laurence Carson, see next page

Some of these issues are also relevant for the trig  ger

Effects of VELO misalignments on quality of physics analyses
— discussed here, today ...



Propertime resolution model forB - hh

< The proper time is defined as Laurence Carson, Glasgow
r= et

‘ p‘ 2 F1= 0.0352 +/- 0.0082

- B F2= 0.00309 +/- 0.00053

'g' 10° E_ GM = 0.0845 +/- 0.0100

% The proper time resolution, ., of the detector  § | U tsmanats

needs to be known because it dilutes A p: iE = 0580252

2 10_?
ACP(meas) D exp(_ (Amqar) ) §

P (true) 1

Goal:
» Determine resolution model directly from data
Using propertime value and error on an event-by-even  t basis
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Studies near completion
Laurence will present full details soon at properti me WG ... stay tuned!
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Impact of VELO misalignments

on physics

Work done with Marco Gersabeck and Jacopo Nardulli

(Full account given at the Tracking and Alignment W orkshop in Ferrara, 28 Feb. 2008)



Outline

Specific case studied
Analysis of the B - hh decay channel

Motivation and overview \

Implementation of misalignments

- misalignment scales and conditions databases

- data samples

Impact of misalignments on selection of B - hh decays
- pattern recognition and reconstruction performance

- selection variables

Impact of misalignments on combined B - hh fit

\ - RooFit analysis of combined B - hh decays

Eduardo Rodrigues LHCb VELO meeting, CERN, 28 March 2008 6/30




Motivation and overview

U

Systematic study of effect of misalignments purely based on their size

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

(I

Gives a good overview and shows critical alignment degrees-of-freedom

L

Effects on selection and subsequent CP-sensitivity analysis

0 We also plan to study remaining misalignment effect s after application of
alignment algorithms

O Identify potential problems/biases of alignment pro cedure
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Implementation

of misalignments



Procedure (1/2)

Misaligned databases:
O Create random misalignments for VELO sensors/module S

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

0 Generate 10 sets of “1 ¢” misalignments

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

O Every 10 sets of VELO 1 o/ 30 /50 misalignments stored in a
conditions database

= 3 (small) slice databases in total:
- VELO 10/ 30/ 50 misalignments
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Procedure (2/2)

Data samples:

O Generate 10 x 2k events each of which with a differ ent set of the 10 sets
of “1 0” misalignments

= 20k B - mutevents for each of the misalignment scenarios:
* no misalignment (O o)
« 10/ 30 /50 misalignments for VELO
suppressing potentially “friendly” or “catastrophic” misalignment sets

O Intotal, 80k B - Tutevents generated

Event processing:
O Events generated with perfect geometry (up to DIGI level)
O DSTs produced with Brunel version v32r2,

misalignments applied solely at reconstruction leve I

Q0 Physics analysis later performed with DaVinci v19r9
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Misalignment scales and conditions databases

» Scales for the “1 0" misalignment set:

Rotations (mrad)

R

Translations ( pm)

A, A, A,

SUB-DETECTOR

R R

# of entries

X y z
VELO sensor 3 3 10 1.00 1.00 0.20
VELO module 3 3 10 1.00 1.00 0.20
| VeloDet : Y misalignments | Entries 420 | VeloDet : R, misalignments | Entries 420
Constant 28 _ Constant 33
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Impact of misalignments

on selection of B - hh decays



The B - hh analysis, in short (1/2)

Goal:

O Extraction of yangle fromB - mutand B, - KK events

O  From measurement of CP asymmetries assuming U-spin

I_(gdo,s - f)_r(Bgs - f)
r(By, - f)+r(B, - f)

_ AY cos(Amt) + A sin(Amt)

Ap(t) =

~ cosh(&t) — AY sinh(2 t)

O Sensitivity to CP parameters such as Im(

(U-spin symmetry at 20% level)

symmetry
- [ 2Im()
C, = d:Dr: fz : SfEAtTIiDX: (fz)
1+ 1+
g =AA
P A

A;) and Re(A;) and Amg, Alg, W,
= Y, d and 0 can be determined once C and S are known

O Hadronic parameters d and 6 parameterize magnitude and phase of

penguin-to-tree amplitude ratio

QO Analysis involves several B - hh’ decays, where h =

Eduardo Rodrigues
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The B - hh analysis, in short (2/2)

Selection cuts consist of various requirements:

O Particle identification:
K-mtseparation based on PID likelihood difference (  Aln£,.)
O Topological:
clear separation of primary vertex and B-decay vert  ex
B-daughters impact parameter (IP) and B-decay lengt  h significance
0 Kinematic:
minimal B-candidate and B-daughters transverse mome ntum
d Vertexing:
X2 of vertex fit to B-daughters
O Mass:

mass window cut on invariant mass of B-daughters

Eduardo Rodrigues LHCb VELO meeting, CERN, 28 March 2008
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Impact of VELO misalignments (1/10)

» Selected event numbers and pattern recognition

efficiencies after standard B - hh selection

NegectedB | Epatrorward (Y0) | Ematching (%0)
Oo 4229 85.9 81.1
lo 3904 85.6 80.9
30 2241 83.1 /8.3
o0 1106 80.1 75.5

O Effect on pattern recognition is small-ish

O Very significant loss of events

. has to come from the selection itself ...

= misalignments have serious impact on some selection

= systematic check of all of them ...

Eduardo Rodrigues
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Impact of VELO misalignments (2/10)

| Forward : efficiency (long) | Enties 10
3k Undertow 0
< Example of PR efficiency distributions 25E
obtained with the 10 sets of 2k events 2 VELO 50
produced with Brunel 155
"
°u:' 020 0 a0 e0 70 s0 s0 oo
[ Forward : efficiency (long) ] ;‘:;:5 as.;? [ Match : efficiency (long) | E’;::s 75_;:
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E Overflow 0 18 f_ Overflow 0
= 1.52—
E 14
.3 | no misalignment | r2b | VELO 50 |
3 =
- 08
2= 06—
I3
- 02
R T N T . R I T 00 e e e e 0 s0 80 oo
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Impact of VELO misalignments (3/10)

Pat. Rec. : # tracks Ghost rate Pat. Rec. : # tracks Ghost rate

Oo Vel oRZ". : 87 10. 41 % lo Vel oRZ 88 10. 44 %
Vel 03D.* : 79 7.02 % Vel 03D : 79 7.32 %

Vel oTT 10 25. 44 % Vel oTT 10 25.61 %

Forward : 30 15.36 % Forward : 30 15. 47 %

Match 27 11.28 % Mat ch 27 11.35 %

TSA 56 9.68 % TSA 56 9.68 %

Downst ream 35 36. 66 % Downstream 35 36. 66 %

Best 109 21.06 % Best 109 21.28 %

Pat. Rec. : # tracks Ghost rate Pat. Rec. : # tracks Ghost rate

30 Vel oRZ : 88 10.56 % 50 Vel oRZ 88 10.96 %
Vel 03D : 76 9.81 % Vel 03D : 73 12.54 %

Vel oTT 10 28.13 % Vel oTT 9 30.63 %

Forward : 30 16. 67 % Forward : 29 18. 03 %

Match 26 12. 46 % Mat ch 26 13.82 %

TSA 56 9.68 % TSA 56 9.68 %

Downst ream 35 36. 66 % Downstream 35 36. 66 %

Best : 107 23.13 % Best : 104 25.13 %



Impact of VELO misalignments (4/10)

Pat. Rec Efficiency d ones
Oc | ong long > 5 GV | ong long > 5 GV
Vel oRZ~, : 98.0 % 98.9 % 2.4 % 1.8 %
Vel 03D.* : 97.0 % 98.2 % 2.4 % 1.9 %
Vel oTT 2.4 % 1.0 % 1.1 % 0.8 %
Forward : 85.9 % 93.1 % 1.8 % 1.4 %
Match 81.1 % 88.2 % 0.0 % 0.0 %
TSA 91.8 % 95.9 % 0.7 % 1.0 %
Best 97.4 % 98.6 % 5.2 % 3.3 %
Pat. Rec Efficiency Cl ones
1o | ong long > 5 GV | ong long > 5 GV
Vel oRZ 98.0 % 98.9 % 2.4 % 1.8 %
Vel 03D 96.7 % 98.0 % 2.5 % 1.9 %
Vel oTT 2.4 % 0.9 % 1.1 % 1.0 %
Forward : 85.6 % 92.9 % 1.8 % 1.4 %
Match 80.9 % 88.0 % 0.0 % 0.0 %
TSA 91.8 % 95.9 % 0.7 % 1.0 %
Best 97.3 % 98.5 % 5.2 % 3.4 %



Impact of VELO misalignments (5/10)

Pat. Rec Efficiency d ones
30 | ong long > 5 GV | ong long > 5 GV
Vel oRZ~, : 98.0 % 98.8 % 2.8 % 2.2 %
Vel 03D.* : 93.9 % 96.2 % 2.9 % 2.3 %
Vel oTT 2.2 % 0.9 % 1.5 % 1.1 %
Forward : 83.1 % 90.8 % 2.1 % 1.7 %
Match 78.3 % 85.9 % 0.0 % 0.0 %
TSA 91.8 % 95.9 % 0.7 % 1.0 %
Best 96.2 % 98.0 % 5.7 % 3.9 %
Pat. Rec Efficiency Cl ones
50 | ong long > 5 GV | ong long > 5 GV
Vel oRZ 97.7 % 98.4 % 3.8 % 3.5 %
Vel 03D 91.1 % 94.1 % 3.4 % 2.8 %
Vel oTT 2.1 % 0.9 % 1.9 % 1.1 %
Forward : 80.1 % 88.2 % 2.4 % 1.9 %
Match 75.5 % 83.4 % 0.0 % 0.0 %
TSA 91.8 % 95.9 % 0.7 % 1.0 %
Best 95.1 % 97.2 % 6.2 % 4.5 %



Impact of VELO misalignments (6/10)

Pat. Rec Purity Ht efficiency
Oc | ong long > 5 GV | ong long > 5 GV
Vel oRZ~, : 99.5 % 99.6 % 96.5 % 97.4 %
Vel 03D.* : 99.3 % 99.4 % 95.7 % 97.1 %
Vel oTT 98.4 % 98.0 % 93.2 % 93.8 %
Forward : 98.8 % 99.0 % 94.8 % 96.9 %
Match 99.2 % 99.3 % 87.3 % 87.8 %
TSA 98.3 % 98.3 % 87.9 % 88.4 %
Best 98.7 % 98.9 % 89.6 % 94.1 %
Pat. Rec Purity Ht efficiency
1o | ong long > 5 GV | ong long > 5 GV
Vel oRZ 99.5 % 99.6 % 96.5 % 97.4 %
Vel 03D 99.3 % 99.4 % 95.4 % 96.9 %
Vel oTT 98.4 % 98.0 % 92.8 % 93.4 %
Forward : 98.8 % 98.9 % 94.8 % 96.9 %
Match 99.2 % 99.3 % 87.3 % 87.8 %
TSA 98.3 % 98.3 % 87.9 % 88.4 %
Best 98.7 % 98.8 % 89.5 % 93.9 %



Impact of VELO misalignments (7/10)

Pat. Rec Purity Ht efficiency
30 | ong long > 5 GV | ong long > 5 GV
Vel oRZ>~, : 99.5 % 99.6 % 96.2 % 97.0 %
Vel 03D.* : 98.9 % 99.0 % 93.0 % 95.0 %
Vel oTT 97.9 % 97.3 % 90.0 % 90.8 %
Forward : 98.7 % 98.9 % 94.8 % 96.9 %
Match 99.1 % 99.2 % 87.4 % 87.8 %
TSA 98.3 % 98.3 % 87.9 % 88.4 %
Best 98.5 % 98.7 % 88.0 % 92.5 %
Pat. Rec Purity Ht efficiency
50 | ong long > 5 GV | ong long > 5 GV
Vel oRZ 99.5 % 99.5 % 95.0 % 95.7 %
Vel 03D : 98.4 % 98.6 % 90.0 % 92.2 %
Vel oTT 97.3 % 96.3 % 86.8 % 86.5 %
Forward : 98.6 % 98.8 % 94.8 % 96.8 %
Match 99.0 % 99.1 % 87.4 % 87.8 %
TSA 98.3 % 98.3 % 87.9 % 88.4 %
Best 98.2 % 98.4 % 86.1 % 90.5 %



Impact of VELO misalignments (8/10)
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O Biggest effect comes from tight upper cut on the
B-candidate IP significance, IPS < 2.5

O Additional effect on lower IPS cut of B-daughters

O Also x? of B-vertex fit is rather affected
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Impact of VELO misalignments (9/10)

¢ Propertime resolution

%ntries

T resolution (fs)
Oc 37.7
lo 39.4
30 28.1
S0 82.0

(sigma of Gaussian fit)

2nd grder effects:

Q
Q

after standard B - hh selection

- }

800

700

600?- -.L

500

4001 -L[

300

200

100

:\ L1 | I [y | J—‘—‘ I 111 | L 111 I L‘ Ll 1 ‘ L1l
-%.5 -04 -03 -0.2 -01 -0 01 0.2 0.3 04 05
trec - ttrue (pS)

B-daughters momentum resolution: 0.50 - 0.52 %

B mass resolution; 22.5

- 23.5 MeV

Oc
lo
30
50




Impact of VELO misalignments (10/10)

** Primary vertex and B-decay vertex resolutions

In selected B — hh events

Resolution Primary vertex (um) B-decay vertex (um)
Xly Z Xly Z
Oo 9 41 14 147
lo 10 48 15 155
30 16 81 21 226
50 25 147 29 262

First ever check of impact
of misalignments on
vertex resolutions

E




Impact of combined VELO, IT and OT misalignments

O One can do the same kind of analysis for misalignme  nts
of the other tracking stations

O Full account given at the Tracking and Alignment Wo rkshop in Ferrara,

28 Feb. 2008
Affected by Affected by
RESOLUTION VELO misalignments T misalignments
B-daughters momentum no yes
B mass no yes
B vertex yes no
B Impact Parameter yes no
B propertime yes no

(“no” taken here as “small effect”)



Impact of misalignments

on combined B - hh fit



The B2hhFit toy MC fitter, in short

U

Allows for CP-sensitivity studies with B — hh decays

O Fast toy Monte Carlo fitter “” based on RooFit to stu dy effect of
misalignments purely based on their size

Combined fit of 8 B/B - hh’ decays

U

O  An unbinned extended maximum likelinood fit is perfo rmed on the
combined conditional PDF of the mass and time signa | and background
events (with >17 free parameters)

| A RooPlot of "mpipi" |

O Uses as input outcome of B - hh % a0 ] [pipl |
. : sl Kpi Kpi All t
selection studies such as = 40Pt — a : |
_ _ < asEL Ik ] [ piK |
propertime and mass resolutions £ o | [ KK_]
b =
- 25;—
20§—
O 1 will not present many details here 15F
(see Ferrara presentation) 10 . }
: > f =,
O  Just examples to get a feeling ... oL 0]
5600

&061 JE'I)O(HIJI IE'IJHIIJJ I5'1120(%!I IE'IJSCD 3400 5500 56 5700
O  Work ongoing ... mpipi (MeV/c?)

(Typical output: invariant mass distribution)



Typical B2hhFit toy results (1/2)

» Checked effect of mass resolution:
22.5 - 25.5 (VELO & IT/OT 50 misalignments) - 30.0 MeV (“extreme case”)

| A RooPlot of "mpipi” | | A RooPlot of "mpipi" |
% a5l | Lpipi | gmg [ [ pipi |
3 sl Kei ] [Kei ] 2 E[Kpi | [Kpi]
= - . «© = . -
= ssEL pIK | [ piK | S o] e ]
£ o | [ KK ] 2 L | [ KK |
Li E ! |_|>J 25:_
25 | 22.5 MeV Job \ 30.0 MeV
20 ly | % \
- 15
(=K., ) ; 10 N -
ORI R /Y . F i } } \-. I : \l
5__ e.o ] I - .“o o‘. ﬂi | ; ] I
.:I--J-.J--I--l--l---g-l--- | A | -l--l-T‘—.‘l. L.l - . T 'M!szmmw! Coiokyey J-I--l--I.T-I--I | i; J-I--l--l..l | - T .I.'.l.l-l- -I-.I--I--;--I-l.-l |-- m!i—l
1&30 5000 5100 5200 5300 5400 5500 5600 5700 ‘&)0 5000 5100 5200 5300 5400 5500 5600 5700
mpipi (MeV/c?) mpipi (MeV/c?)

O Errors on fitted parameters tend to increase, but o nly marginally

O Pull distributions do not deteriorate, i.e. fit qua lity does not “collapse”

0 Though biases in pulls increase slightly



Typical B2hhFit toy results (2/2)

Example of B _ fit

» Checked effect of propertime resolution:

Entries 199 Entries 199

2 gF Mean 0.3209 o Mean 0.2686
g E RMS 0.1353 E . RMS 0.3676
2 70 c Underflow 0 3 Underflow 1]
3 Oo ¥2 / ndt 77.24/ 47 E 35 50 X2/ neif 8046/ 47
— Constant 2108 +1.84

E Mean 0.2658 + 0.0265

C Sigma  0.3709 +0.0187

L] .\&\HI....\..

15 1 05 0 0.5 1 15 2 25 3

60 Constant 57.55+5.00
Mean 0.3214 +0.0098 30
Al Sigma 0.1379 + 0.0069 o
I I I I(Af ) 20
15
20 10
10 5
O.H.I..\.\.\.\I\H TN Lo b by Ly 0

-2 15 -1 05 0 05 1 15 2 25 3 -

3%]

Fitted ImLamiBS values Fitted ImLamfBS values
Entries 199 Entries 199
@ 90 Mean 0.8033 o Mean 0.7885
£ F RMS 0.1321 S asf RMS 0.3746
§ 80 Underflow 0 2 Undarflow 2
T _F x2 i nef 4457/ 47 T aF ¥2 i ndf 97.35/ 47
70 30
* T Oc Constant 57.51+4.99 * S0 Constant  20.46 +1.79
60— Mean 0.8053 +0.0098 a5 Mean 0.7885 +0.0272
- Sigma 0.138 + 0.007 E Sigma 0.3803 +0.0193
sl C
20—
I ze(A f ) 15[~
- 10
20— r
10 SE
0:\\|\||\||‘\||||\||\‘ TENENENEN AL, VRN BRI SRR AR 0:\|\|‘||\||\I\I |\||ww||w||\|\#1l$‘|| RN AN
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Outlook and future

O Impact of VELO misalignments has been assessed ind  etall
“throughout the analysis chain”

- VELO misalignments strongly affect selection and p ropertime and IP resolutions

VELO alignment results .
on testbeam data 12

[ Quality of x/y translation |
45
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= X,y | 0.9um Z 2um
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! ] ] il ! | L
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projected residual in um

go“m -

! 1 ] 1 ol 1
. TR T R 5 615 20

a
projected residual in um

O If software alignment is of order or better than “1 sigma” we are in business!

O (effect of z-scaling presently being investigated ... )
s We should encourage further work on

Impact of “WVELO systematics” on physics!
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