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< /> Precision @ Belle Il
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< /> Track-based alignment

Belle IT

Detection elements not in assumed
positions/orientations/...

- biased measurements & sub-optimal residuals

a) track b) c)
sensor \
\ residual ﬁs >
______ ,"c’u;’nr /\\ >
,wl/ AN >
measurement prediction residual

T@(a;qj)zzﬂhj—‘pw(a;Qj)

Estimate the geometry directly from the trajectories
— minimize many millions of residuals!
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</> Alignment Challenges

Belle IT

« Weak Modes

(some) data not sensitive to (some)
deformations

* Time-dependence
— Detector not stable, many effects at play

telescope y
0 Ladder bowing : /

E 20f $- 25.1 = 255
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</> Belle Il Alignment ,,Constants®

Belle I

212 sensors
L X 18 parameters

PXD I
pixels

VXD alignment
hierarchy: half-shells -
W ladders — sensors

g )Vﬂé’ " u
u1 0.8 " \%
H J_Z
w YKIP X,Y,Z
18:3 ] .
54 Pu >1 P \
M B _ :  More than 60,000
R . W parameters to be

*with help of J. Kandra  determined

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— -Q (end-caps , inner 2 barrel layers)
EM Calorimeter :

Csl(Tl), waveform sampling electronics

»\\\

—~

electrons (7 GeV) Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle Il TDR, arXiv:1011.0352

DRIFT
CHAMBER

1200 mm

(cbC) i
56 layers x 6 parameters
14,336 wires x 4 parameters
Backward (-2) Forward (+2)
! (=8 (X¢, V¢, Z)
g s -
(5. Y% ) f (%, y%) \Aqvf,ﬁé\%

\ wire "0" atgp ~ 0

AXgp+AX,

L Axp,
initial position

of layer and wires

L aligned position

of layer
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< /> Data SampIeS for alignment
Cosmic events

Belle I
Hadronic events . Di-muon events
. : merged tracks
% (with IP constraint) (merg )

\

+ off-IP events for data
Rich topology of data samples

to reduce systematics (weak modes) [ Recorded during
uri

General Broken
Lines (GBL) kink interpolation .;?;". collisions
Track model with proper RS
description of multiple j; >
scattering G B L 7~ Also works for cosmics
. ' without magnetic field,
Belle Il = low mom. particles ~ Measurement 1 2 3 Nimeas implemented mass-
thin scatterer 12 3 4 5 6 Nseat=1 Nseat Constralned decays

relative to CMS



</> Alignment Algorithm: Millepede Il

Belle I

Helmbholtz Alliance

_— residual: lér)) tBOel-;eGI(I)k
rac 1
rij = my; — pij(g.}) Block matrix algebra >

- Nno approximation

(measurement m) except linearization

Matrix for

. . global par.
% (- iterations)
L« _ n .H —
siiel ontainitng b -,T?:.m.’,'f'—f somnacing ':'.- Diagonalization,
Inversion,

All correlations kept
in the solution!

MINRES,
Decomposition ...

New: LAPACK for solution

3 a®
= By
= L] a® o
_'- L
L #=
-5 ™ -
.-, " L i D
o " .t i wneter
L " g " " awch track)
",

> 3 D l'”-ill parameters
I:II-_-]E'IL B Method Factorisation |Calc. inverse |Q'AQ, QA-'Qt |Total time
L. Decomposition 331 -| moAt 97 361
Minimize over all parameters: DEH: Inversion : 2 200 98
. | MKL acke:ed 6.3 1338 184 1377
_ MKL, unpac 42 198 21 40
2 - T 1
x*(g.h = Z Zrif(g’lf) V(9. 4) 3 las, un 438 10.0 159 45
F

g ... alignment parameters (global)
l; ... track parameters (local)

https://www.terascale.de/wiki/millepede i/

https://helmholtz.software/software/millepede-ii

~ 100‘s of millions of track
parameters for typical alignment

Time In minutes. Table from C. Kleinwort

With recent speed-ups, an exact
solution for 60k parameters can
be obtained in about 30 min*!

*Using 10 cores @ Xeon(R) CPU E5-2640 v3 @

2.60GHz. 20GB of memory required.
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< /> Weak Modes in Prompt Alignment (without wires and IPdimuons)

Belle I
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</> Impact Parameter Resolutions  ;y5(z62)>6.3"

Belle IT

BELLE Il (Preliminarygé Experiment 12

30
I y=1Va2+b2/x? a y=1va?+b2/x?
a=87x04 30.0 - a=131+0.2
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25| _ -
— — 2a=98x03 — : \ — a=14.0%02
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So b=157 0.8 So : ﬂ b=17.7 £ 0.6
? [r:l + MC I|\l lrj 20.0 - + MC
S 15 L <4 Data (expl2 procl2) o T <4 Data (expl2 procl2)
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Reprocessing-like alignment deployed already at prompt calibration stage since 2021 — no waiting for
reprocessing for publication-level alignment quality!



< /> Vertexing systematics for dimuons

Belle I
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0 tan(A) | see backup 10
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</> PXD Alignment evolution example

Belle I

Median(up, — up) for histogram [um]

Median(vy, — vp) for histogram [um]
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60

40

20

-20

BELLE Il Preliminary; Exp 12 Run 5349 - Exp 12 Run 6427; 2020-06-04 12:03:56 -

2020-06-30 23:54:14

- ~ - ~ - ~ - ~ - ~ - ~ - N ~ ot
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25
x10*

v

<

Belle Il PXD

Experiment 12 Run 3496 - 3745

alignment corrections x 100

Aw [um] Av [um]

Aa x L/2 [um)]

med[r,] [um]
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Animated gif:

*Differences to first

expl2 alignment

shown in animation
https:/lwww.dropbox.com/scl/filv
6pe79t07vr974jxa6ct9/pxd_expl2
.gif?rl!(ey=18w7r00j3q(%lnpyu4vs
mr7yrj&st=6eb6je68&di=0
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https://www.dropbox.com/scl/fi/v6pe79t07vr974jxa6ct9/pxd_exp12.gif?rlkey=18w7r00j3qglnpyu4vsmr7yrj&st=6eb6je68&dl=0
https://www.dropbox.com/scl/fi/v6pe79t07vr974jxa6ct9/pxd_exp12.gif?rlkey=18w7r00j3qglnpyu4vsmr7yrj&st=6eb6je68&dl=0
https://www.dropbox.com/scl/fi/v6pe79t07vr974jxa6ct9/pxd_exp12.gif?rlkey=18w7r00j3qglnpyu4vsmr7yrj&st=6eb6je68&dl=0
https://www.dropbox.com/scl/fi/v6pe79t07vr974jxa6ct9/pxd_exp12.gif?rlkey=18w7r00j3qglnpyu4vsmr7yrj&st=6eb6je68&dl=0

D :
</> New PXD & Alignment

Belle I

Real shape of the PXD2
(sensitive areas)

as determined by the alignment
during commissioning (B=0T cosmics)

12
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</> New PXD & Alignment x 8

Belle I

Alignment

corrections X 8
e

Ladder bowing —'
temperature—
dependent ™

Deformation amplitude
In micrometers

-248-177-106 -35 35 106 177 248
| |

13
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< /> PXD2 ladder bowing amplitude in different 2024 periods

Belle IT

bow : alpha * length [mm]

0.6

0.4

0.2

0.0 1

exp 29 run 620-637 m
exp 30 run 1243-1246

exp 30 run 2698

exp 30 run 2705 D
exp 30 run 2747-2752

exp 30 run 2866-2870 g
exp3lrun74-76 p-1

exp 31 run 128 - 147 o

[
exp 33 runs 1328 - 1331 g

exp 34 runs 8 - 42

Jhitd

Hipcesorae

© ! g
~
3 8 E Q%
-
|
- N A o 4 ©N A ©®N ~ ™N A & A ©&§ 4 ©o = ©®§ 4 "~ A " ©§ A "~ A ©& A~ " ©&& = ©~ 4 ©& A4 ©~§ A ™~ A ©o ~ ™o
L T B o o O O T 2 s B = T T T o L B A 2 T B R - T = T = T S B N |
4 4 &4 A A &4 A 4 4 A & 4 A A 4 4 0&/Aodo6sW Mo Mo W W oW MW W MWW o 44 A4
mmmmmm

Max bowing
for operated
ladders
between
300-650 um.

Depends on
beam
currents (and
which
sensors are
turned on)

Two ladders
with largest
bowing
turned off in
beam
operations :-(

15
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</> PXD2 & New Alignment Challenges

Belle IT

* Observed (also) very fast bowing-like

deformations correlated to beampipe B B
temperature — depends on beam currents

run 2190-2232 1.8.1

40 —
IR:paraffin:BP_FWD:T2 [degree] g_-

PXD 1.8.1 vs SVD <Az> [um]

fill Fill

1 HER i HEF HER FHER el d ol ML JHER i HER i
' . LER LER

LER e ; LER LER LER LER : ; o]
3 [y}

—20 -] : :
1 fill fill fill filll Fill Fill

0 10 20 30 40 50 e
time g 7
N-

Monitoring of tracking residuals from single sensor with high time
resolution using ,all raw data“

16



</ > Automatic loVs from clustering with loss function?

Belle 1I
Nin-logs or iven rumber ofcsters Chi*2/NDF for given number of clusters

Dynamic programming S 3 5. . - i
exact solution with arbitrary ~ * £ k.

loss function (e.g. minimum  “f .

amount of data, ‘g wol.

constraints...) oL o

><1'0—B I _ I I I Mumhgl |||||||| rs I _ I Mo rsl
0.3

Ll P ' LG
20 40 60 80 100 120 140
Would need much more data and parameters (for loVs) for alignment ... 17




< /> Alignment with Time-Dependent Template(s) ?

Belle IT

(@, 1y Opy Qg1 -cany) — (Qg, A1y Gy Qa1 ...aJNlco? Cly...Cy

Median V residual per 3 min [um]

CL; — ﬂ (f)

Time-dependence in template, coefficients to time-dependent
proxy determined simultaneously with standard alignment — only

double the number of time-dep. parameters (in the simplest case)
All PXD sensors

1
. °
a

Deformation coefficients
: determined by Millepede Il

e

uuuuuuuuuuuuuuuuuuuuuuuu

3_

1 For CMS Lorentz drift: a; = a; + Y _ cf ¢y (intL(t)) ??
k=1

-5 4 =

# of bins

# of bins

04:00 06:00 08:00 10:00

Time

12:00 14:00

Or, if you ,know* deformation coefficients, determine instead single amplitude in many IoVs...

uuuuuuuuuuuuuuuuuuuuuuuu

oooooooooooooo

I
a0 t=1.18umo=1.03 um
i =0.05umo=021um
201
10 4
0 - T — T T
-5.0 =25 0.0 2.5 5.0
Median V residual per 3 min [um]
25 p=3720=251
— L=0.180= 051
15 1
10 1
5 |
0 T T l.“-l'l. - T T
—-10 -5 0 5 10
Normalized V residual per 3 min [o]

18
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</> PXD deformation coefficients (rigid body)

Belle I

,nhominal“

= .
00001 F ' deformation (x8):
0.0000 w’ 5 1 1 7 1 T 5 1 1

=
-0.0001 i~
—0.0002 : 3 6 8
-0.0003 ° 7 = : 7 .
-0.0004

1] 1 o 1L
10 10
alpha * L/2 gamma * R/2
4 4
5 3 3 3
0.0032 F
F Y

0.0024 E.%, 3 2 8 3 2 8 2
oooe 3 M ¢ : L y 2
0.0008 & b
0.0000 g’ : ; %o 5 : b ; 1 1
—0.0008 & o

B 6 B 6 B f B
-0.0016 £ ¢ - 1z B : 12 8 : z

—0.0024
—0.0032 [ [e==mnr) il ] il 9 i

1 1n 10
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< /> Conclusion & Outlook

Belle IT

Precise alignment required for precision physics

Belle Il alignment determines about 60k parameters for pixel and strip detectors and the drift chamber promptly after
data-taking

- CDC layers and PXD&SVD hafl-shells and individual PXD sensors are aligned about every 50k di-muon events (+some cosmics) —
once in several hours (depending on lumi)

Alignment performance pretty good in MC simulations and data validations

- Some remaining discrepancies related residual time dependence and to imperfect magnetic field description or other detector
modelling defficiencies

- Data-driven conservative misalignment scenario available for systematics estimation in physics analyses
+ one more data-driven (from day-to-day alignment differences) + 2 MC-based (residual misalignments)

New challenges with new PXD

- Need much ,faster” alignment if the beam conditions keep changing frequently

- But not all data available at the calibration site

- Alignment already takes % to %2 a day (multiple passes over data needed)

- Possible solutions

* Much more data for alignment — expensive
- Alignment on GRID? (Need high-performance high-memory machine processing data after each collection step)

« Parametrize" deformations with less degrees of freedom - maybe not feasible (work in progress)
» Ignore (flag bad quality vertex data ...)

20
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Belle IT

Thank you for your attention!

21
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</> Full scale MC tests with misaligned wires

Belle I
300 T £ 300 T
Black: initial realistic e R . i —HEEVaE

— RMS(x) = 12.9 £ 0.1

— RMS(y,) = 12,5 £ 0.1

misalignment

s b b b b b e
-150-100-50 0 50 100 150

Red: remaining residual

¢ [deg]

misalignment

-300 L— ' ' -300

0 5000 10000 0 5000 10000
Wire number Wire number

F300 — | £ 300 |

Can recover from a = | Toemmsany; S s
- . - - - ; i x)=142 £0. 200 ' == J=132%0 -150-100-50 0 50 100 150

realistic wire misalignment . otdes)
to negligible residual 100 =
misalignment in a single 0 v
iteration!

-100 ] ) T ol
First use of decomposition [ 3 B O
solution method in Millepede  -ao] T 800 ——— 1 e )

Wire number Wire number R [em] 23



D
</> KEKB - SuperKEKB

Belle I

‘ Grey IS recycied, coloured IS

] 1 "
i Colliding bunches -
W S ‘: ~ ‘;,7,/::;/ y_'_ G I i‘ % + RL
‘ L =——— (1+ y)»_ Y=
e, 2 (B
A ) New superconducting / er e O y+ R %_
&et‘;léuoe;;n Ppe permanent final focusing X y

quads near the IP

Replace short dipoles
with longer ones (LER)

FHHI*F%WHH
HiHH I et

Redesign the lattices of HER & ~ Damping ring
LER to squeeze the emittance

e
Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

.

P
i/

E (GeV) B* (mm) B*« (cm) [0} 1 (A) L (cm?2s?)
TiN-coated beam pipe p——— LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
with antechambers Low emittance KEKB 3.5/8.0 5.9/5.9 120/120 11 16/1.2 | 2.1x10%
o el SEarRID NS SuperKEKB 4070 0270300 3225 | 415 [C 3.6/2.6 ) 80x10%
factor 20

(SR Channel]
[Beam Channel)

24
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< /> SuperKEKB & Belle Il

Belle I

* Upgrade of KEKB & Belle, taking physics data since 2019

» Worlds' highest luminosity electron-positron collider (KEK, Tsukuba, Japan) at Upsilon(4S)
resonance - B physics, D physics, tau physics ...

KL and muon detector

I B " ]I d I Resistive Plate Counter (barrel outer layers)
collision point elle etector Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

EM Calorimeter

Csl(Tl), waveform sampling electronics

Electron ring

/ \\"\\k
a = Particle Identification
e, — ‘ electrons (7 GeV) S Time-of-Propagation counter (barrel)

Prox. focusing Aerogel RICH (forward)
== -
o R

&

Vertex Detector
2 layers Si Pixels (DEPFET) +

Electron-Positron 4 layers Si double sided strip DSSD
linear accelerator

—

: positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Positron damping ring |

Belle Il TDR, arXiv:1011.0352

25
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< /> Past, Present, and Future

Belle I

Belle Il Online luminosity Exp: 7-35 - All runs I
17.5 - L 600 Be"e Be“e I

Integrated luminosity
mm Recorded Weekly

[ Recorded dt = 554.78fb1]

15.0 ¢~

T
> - 500 .
> - .
: = -
e = .
E g data
: £
S 1 T I e 1¥ i - £
: =
g 300 o
ol - CUSNSNSSSNSSSSN N | S o | ST | — © 10 : : — 60
% 200 & % —oeaa]
: - E wN n ab-
E 50 | | H | GEEERRRE | RRREEE AR L IEEECEEIEIELEEECREIEREOEED (| /1 [ Rt ] % E' 8 E
c = |
= -
= s 5 _
g - 100 X, 6 | .
© 2.5 s LA A . = :
4 FUTURE: ;
0.0 - :
: i J‘,_/_f/-/ﬁ
1]
@
g ’/_
Date :
2019 2024 2029

Updated on 2024/12/05 14.01 |ST

Systematic errors will start to dominate measurement precisions for many analyses
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< /> Precision @ Belle Il: low-momentum compared to CMS

Belle IT

= it function: o=Ya*+———+5
Just two o iaohl psin(©)
D Belle SVD2 ic (Data) BN715
examples... § B e am e t0
5 100w b= 32.9+0.8 um GeV/c
8 80+ Belle Il single track events (MC)
o)) rt ===k== a= 11.6+0.0 um
ey b= 17.9+0.0 um GeVic
NS 8 : :
A 40:—"""‘ : :
‘..‘.|‘..‘|.‘..|..‘.i‘..‘|.,-..x..-..i....
g 8

pBsin(6)°? [GeVic]

I
Quantum entangled neutral A
B meson pair production

Belle ~ 200 um
Belle Il ~ 130 um

Alignment precision at
level of micrometers
needed

Advanced track-based
(time-dependent) alignment

DO lifetime
PDG:
VALUE (10715 5) EVTS s
410.1+ 1.5 OUR AVERAGE -
DY.&%
& -7 200 pm =

e ——— “,f — €

—

i)
D decay vertex

—_—

] " ;
D" extrapolated production point  beam spot

27
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< /> Belle Il Aignment Parameters: 2/2

Belle IT

Relative positions of sub-detectors and larger structures*

Problem: Correlations with local alignment and correlations of different sub-detectors!

IP position I VXD half-shells and ladders I CDC layers I
)

Backward (-z Forward (+2)

_.————'.(Xf, Y, Zf)

u
yg v o yw o
 ——— Ay%y
lumI . 74 W
\ u (XGI.'J ’ yOL‘) . (XD-‘ ’ yG;‘) \ A(pf*b +A¢b

w R‘A P
sub-detector alignable elements alignment parameters | ), parameters
1P primary vertex position X, Y, 2 3
VXD 20 (PXD) + 187 (SVD) sensors | u, v, w, @, B, ¥ 120 + 1,122 u Ax, \ - Aror DX,
(PXD + SVD) Py, P11, Py 60 + 561 initial position wire "0" at ¢ ~ 0 aligned position
P30, Py, Pra, Po3 80 + 748 of layer and wires of layer

4 half-shells %Y 2B,y 24
CDC 56 layers x, Y, ¢, dx, dy, dp 336

14,336 wires XB, YBs XFs YF 57,344

Alignment of all degrees of freedom should be done

simultaneously - Millepede Il 1! *Redundant DoFs removed by linear

equality constraints 28
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< /> Track-based alignment

Belle IT

Detection elements not in assumed
positions/orientations/...

- biased measurements & sub-optimal residuals

a) track b) c)
sensor \
\ residual ﬁs >
______ ,"c’u;’nr /\\ >
,wl/ AN >
measurement prediction residual

T@(a;qj)zzﬂhj—‘pw(a;Qj)

Estimate the geometry directly from the trajectories
— minimize many millions of residuals!

X’(a,q) =r"(a,q)V'r(a,q) - min

Cgm
no
(1]

Fraction of tracks / 16

V =

0.2k B

0.15F : -

900°300-200-100 0

e

RRRRS LARES ULEE R MUY RULRE RN LN
— Belle Il ™1 BMC simulatior
[ 2018 M Data - aligned]
- PRELIMINARY s HEData - initial

2018/51

L /Ldt~ 1pb™" 19-00 JST

100 200 300 400
Track-to-hit residual (v-coordinate) [um]

w
A

_>V/(07

29
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</> Alignment Challenges

Belle IT

* Weak Modes
(some) data not sensitive to (some)

* Time-dependence
— Detector not stable, many effects at play

deformations
| w
A
u
telescope y 3% Aa
40 _ /
g 20_Ladder boyvmg St BST  agEg
o of Wi g hg % i e dul ARl -
= : A7 s'\“, 33 \k"g i R 2 2 \?}'t MW i
I e § 7% ’
— %000 2000 3000 4000 5000 6000
E soF
= gl w
« Detector&reco model issues =] ; pmmpml  prompt 252
_50 VR L L L L I L L L L L
S 1000 2000 3000 4000 5000 6000

- e.g. imperfect magnetic field description RUN number

30



PHYSICS
AT THE

ZHIFIS

</> Alignment Algorithm: Millepede Il

Belle I

Helmbholtz Alliance

_— residual: lér)) tBOel-;eGI(I)k
rac 1
rij = my; — pij(g.}) Block matrix algebra >

- Nno approximation
except linearization
(- iterations)

(measurement m) Matrix for

global par.

—

Diagonalization,
Inversion,

P A —. .
' e All correlations kept

. . MINRES,
in the solution!

Decomposition ...

New: LAPACK for solution

3 a®
= By
= L] a® o
_'- L
L #=
-5 ™ -
.-, " L i D
o " .t i wneter
L " g " " awch track)
",

> ) D l'”-ill parameters
I:I]-_-]EIIL —— Method Factorisation |Calc. inverse |QAQ, QA-1Qt |Total time
- e . Decomposition 331 oAt 97 361
Minimize over all parameters: . e : 352 200 98
b e T
_ T -1 , unpac! ; : _
x'(g.D = Z Zrij(g'lj) Vij rij(g' lj) Ly las, un 4.8 100 15.9 45
jooi - Time In minutes. Table from C. Kleinwort

g ... alignment parameters (global)
l; ... track parameters (local)

~ 100'‘s of millions of track

parameters for typical alignment With recent SpEEd-UpS, an exact

solution for 60k parameters can
be obtained in about 30 min*!

*Using 10 cores @ Xeon(R) CPU E5-2640 v3 @
2.60GHz. 20GB of memory required. 31

https://www.terascale.de/wiki/millepede i/
https://helmholtz.software/software/millepede-ii


https://www.terascale.de/wiki/millepede_ii/
https://helmholtz.software/software/millepede-ii

D
< /> Reducing weak modes with rich track topology

Belle IT
'g'.-IOO—'"I"'I"'I"'I'I T T
= 80 Telescope
— 4 A(0) =50.7 £0.2
> 60F A(2)=0.1£0.2 ]
o ' \VXD
20¢ ‘ deformation
0 before
I‘. _20- | | | | 1 | 1 ] allgnment...
| 2 4 6 8 10 12 14
R [em]
Curl
A(0) =675.5+0.2
A(4) =0.3+0.2
...and after
Belle Il

Simulation

L/

2 4 6 8 10 12 14
R [cm]

32



</> Residual wire misalignment in MC

Belle I
v 8NN, 100 um 149 % A
LR AR | ) WHagdyy ﬁ % b2y
b 0 100f — iy RNy ke i %
3 "3 LT Y
= 50}
g 5 ,
—_— ol
ot ) 24y
LGU_ @ i e
X 2 i
- v )
S B e e
Y us_ :éf‘??
om ot ‘: ?.;P
Sl -
x: > 50 =
-100 TR gy T b AN ~100}
—100 —50 0 50 100
X (Backward end-plate) [cm] X (Forward end-plate) [cm]

Only 20% randomly selected wires shown -



< /> Cosmic Validation with PXD+SVD+CDC

Belle IT
Eoms— I NI(I‘.( )I Eoma— I I I I I M(IF( )I 1
= MC with bkg Soow ey - otwom | £, e o
- - - 0.014 lata (up) R ata (up,
- E o012l ~data(down) 1 Eopos| £ || 1. data (down) ]
Split >= 1 PXD overlay for L S oo -
cosmic >=4 SVD expl2 fomil o ]
tracks hits in LA S N . N7 N
-3 -2 -1 0 1 2 3 4 5 -4 -2 1] 2 4 6 a 10 12
each arm All data from i =
o 0.024 T T T T T 2 0.03 T T T T T T T T T
12 E{% T Mc ey | B0z Mo o)
20018 ¢ ata (u < ata (u
exp saoie TN B S A W )
¥ o |
Both about Foom Toon :
Compare track 130k full tracks TS I R RN
parameters at e 7 e o 009 F———
FT & 005t T hostonm 1 3 OE e town) ;
POCA to origin S ool MG (dow A R ]
2 ool - data (down) ;g 0.05 b ---data (down) E
3 | 5 o0 E
E 0.02 LE’ z.gs E
’% 0.01 0.02 E
£ 0.01F . e
100 005 10 15 20 25 30 35 40 00 e A 40 B0 80 70
Yy p, [GeVic] Degrees af freedom (NDF)
s Distributions for transverse momentum and
7 number of CDC hits are slightly different
<20 50 100 50 100

34



selection="abs(Z01)>0.5 &&

gy > _ .
< /> Helix Parameter ResolutionNS abs(z62)>6.5 && Pt1-0.6 &&Pt250.6"

Belle I
0 ' : ' 214000 ' ' : Hl6000F » T w0 B —
210000} 11: -0.805 £ 0.043| 5. nn| i 0.087 + 0065 214000} p: 0.007 + 0.002 0000} 1: 0.008 +0.002 | 19000 ,;:.0.000 + 0.000
c c: 13.173 £ 0.038 12000} 5 19.773 + 0.060 € - 0.589 * 0.001 € c: 0.694 * 0.002 € c: 0.066 + 0.000
4 8000} “10000} 1120008 1 “soo0} | 8000 ]
o 10000} : sa0ol
6000l 8000} 8000} ] 6000} 1
4000} 6000¢ 6000} ] 4000} _ 4000}
4000} 4000} ]
2000} 2000} 2000l ] 2000} ] 2000}
6050 0 50 100 9607100 0 100 200 =% 0 2 4 =320 2 4 04020 0204
Ad, [um] Az [um] Ao [mrad] Atan(}) [x 107 Ao [1/cm x 10*‘]
g 8000 —————— 8 T 8 T T §0000F ™" 7 T "1 Baoool . )
£ 7000} p: 1,842 +0.058 | 5000 10272 +0.079 | £12000f = u: 0.014 +0.003 = 112 -0.004 + 0 ooo
c o: 17.065 £ 0.055 [= c:22.888 +0.076 c < googl ©:0.811 £0.002 | < 7000} o: 0.081 + 0.000 |
L 6000 : w Wi 0000} L L
5000} ] 8000 ] 6000} ]
8000} 6000} 1 5000}
4000 3 ] 6000 ] 6000 i 4000 ! 1 4000 3
3000} 1 4000 ] 4000} 3000}
2000 . ] 2000 [ i 2000 1
1000} ] 2000 1 2000} 1000}
o050 0 50 100 B60-100 0 100 200 %20 2 4 =20 2 a 004020 0204
Ad, [um] Az, [um] Ag [mrad] Atan(}) [x 107] Ao [1/em x 10*‘]
o G000 - o — - —] w4000 0000 ] w ——
£ 3000} 1:-0.103 20,051 F12000} . 0 478 + 0,074 22000} 12 -0,013 + 0,002 | 8 1 -0.057 +0.003 | L8000} :-0.004 + o 000
E 2000l 0 15.341£0.047]  Fpp0] ot 21.999 + 0.069. Ei00001 * 0.696 £0.002 | £ ggoo| 0: 0.807 £0.002 | £ 7000} o: 0.081 % 0.000 |
6000} 8000l ] 6000} :
5000} 6000 8000} ] 6000} ] 5000} ] Proclz
4000t ! ] 6000} ] ! ] 4000} :
3000} 4000} J 4000} _ 4000 3000} ' expl2
2000} 2000} ] 2000} 1
2000l 2000} : 2000} 1 1000} :
Y0050 0 50 100 B60-100 0 100 200 20 2 4 =220 2 4 004020 0204

Ad, [um] Az, [um] Ag [mrad] Atan(A) [x 107 Ao [1/em x 10 35



</> Correlation of helix parameter biases: MC vs procl2

Belle IT

Ad, [um]

0.005

£ Slight slope in
N Z,VS
tan(lambda)
0005  remains, but
reduced
= 1 = = ir = = 1 : P
B 3 ? o5l 3 T osl : ] significantly
£ £ E ok £ £ ole— ] from prompt
R=3 R=3 R=3 H R=3 - H .
< < 9-05 < <05} - (see next slide)
-1 0'005 0 0.005
o [1/cm]
= = = = =
X X X X X
= = = = =
8 IS 8 £ S SR N S & : ]
< = < < 105 0 05 1 < _0.005 0 0.005
tan(i) o [1/cm]
T ! T N 02 5 02
= : = = 2 o041 2 01
= H = = = *
5 5 5 5 5 °F
= = =-0.1f =-01 =-0.1
3027 =5 0 o5 1 = 3025 -1 5§02 5-%uo05 0 0.005

o [1/cm] 36



< D> Correlation of helix parameter biases: Conservative misalignment

@ Old prompt alignment vs MC with misalignment = largest misalignment scenario (of 4) used for alignment
BelleII.  systematics estimation by physics analyses

g2 e T
;::.D 0] fw Bias and Pr m t
.................... gy .
50 3 correlation omp
20 oL 20 ] reproduced expl2
)05 0 05 -2 0 2 4 -1 05 0 05 1 o005 0 0.005
d, [cm] z, [cm] tan(i) w [1/ecm]
— 20 — 20 — 20 — 20 , )
5 10 L 5 10 A A 5 10 i 1 0 Lo ...................... 4 Mal n
gy o b y o Y ot cOrrelation
-10} : -10 : : A0 ...................... ] We”
-20 20 2 :
05 0 05 ) 05 0 05 1 £0.005 0 0.005
% lcm] tan(.) o [1/cm] reproduced
= = = = 1 = 1
8 8 8 8 o5l g o5l _
E E E E E 7
Q—D . 9_0 Q—D 9_0 Q_a OM
05 R = <1_0.5 : D Q5 D05 e, ]
75 0 05 1 T35 0 05 1 0005 0 0.005
d, [em] tan() w [1/cm]
o I o5 o & !
o o o © A R | R — ]
: = : 2 L o
= = = = = :
= o 1 = T ] | I ]
8 i 5 8 = R R 8 :
9 15 0 05 < < < 1 05 0 05 1 < _0.005 0 0.005
d, [crn] tan(i) o [1/cm]
2 2 2 oaf 2 o1 2 0 R ;
o o o = o H
5 § e °r e 0 E 0Py
E i i : E E_o_-l H E_o-l_ i i : :__-‘_01_ ...................... ...................... ]
3- ; 3 3= - :
02550 05 | 4 502 S92 =50 05 1 3%.05 0 0.005

d, [cm] tan(i) o [1/em] 37



< /> Validation with Dimuons: Angular dep. of vertex resolutions

Belle I
5 50 T T T T o 100 ! I :
Y F | Belle-] MC.(nominal) ; ; . MC (nominal).............. 3
o 455 P:a;'i?n’il ary - Cimusal ;ned) ] 2 90; ggﬂﬁ’i’;]aw -t MC smusal zgn)ed)
S 40 P +Dataiexp1Z¢prompty] £ 80 " % + ~Data expl ?prom T
T 35f ee 2 (exp12) + . Dataexpl2(proci2)] S ,oF.€e = u 1w (exp12) .+ . Dataexpl2(proci2)]
E : F -
2 30} | £ 60} :
< 25 { T 50} .
S 20 | < aof J
15 b e s o] 0 30
2 10 P p e T s’ 20 e i
3 =2 4 0o 1 2 3 T o0 1 2z 3 4
9, [rad] tan())
g 80 i ! 1 ] o [
MC features WeII i 3 Be,uﬂ" i Mc (nomlnal) ] O 120 —Belle ff S S Mc I’IOITIInall ..................... __
i 70 F : Preliminary e G (mlsalzgnea) 1 = [ Preliminary - MC {mlsalzqned) ]
reproduced, ST 2 L ) + Data exp1Z (prompt)] 'E100 . e Data rompt)]
! = E et st (exp12) 7y Data expi12 éproc12){ 3 - e'e - W (exp12) ; Data expi2 (proc12)]
resolutions only a E 5t | & 4 ,'?E
bit worse for data. ™k = ]
= 40 N i
< F B0 o B ]
Off in d luti 5 30¢ B F
set in d, resolution S N b, o 40 #
related to (old) ol — 20 |
optimistic SVD 05 s IR [ | ]
simulation 3 -2 0 1 2 3 % -1 0 1 2 3 4
b, [rad] tan(})

Angles for positive-charge muon candidate
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Z: Run dependence of vertex parameter biases and resolutions with dimuons

MC withut background

Belle IT

N
o

F Bellell —— MC (nominal) | ] f Bellell . —— MC(nominal) 3 Significant improvement in

__F’rellmlnary ..... Mcsm'sall nE‘d) ............ ] 20 ; Pre“mlnary * B‘gailglx%a‘ll?nper%)m t); do tlme_dependent blaseS
15 E_e+e- [.L+LL!(9XD12]¢ ......... Baiaexp12£proc1‘)2)_z Not much Can be Seen In

10¢ | 5 | | { z0 (good average already

at prompt)

—_
o

A D _+ Dataexpl rompt)
F e'e o ut (exp12) y  Data ex&zi&oc 2)]

<X d,> [um]/10.0
o

<A z,> [um]/ 10.0

[4)
T

Resolutions
improved in procl2

o b S AR ARV IV AP AR R

0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
run number run number

T T T T T T 717 T T T T ] R .. ti

19 |- Belle Il A— . MC.(nominal)......... 3 C Belle Il . —— MC (nominal) - ] emaining ume-

18 f_Prellmlnary _______________ MC J{rﬂlsall neﬁd) ] 35 :—F’rellmlnary ..... M.C...{mlsall [‘lefd) ............ ] dependence in ZO

L g Data-explZ (prompt) - : 4+ Data expi rompt) .
~ 178821 L#.;..(.@X.P 12) ..+..........l:;).ata..exp].z.{pjgoc. 2): F e > W (exp12) y  Data exgu{g.?omg)) resolution

20 30 [ :
16 :_ RN ...................... .................. _: - : 1
15 ; : : : ]
14
13}
12
11 o | | | | B |
101....i....i....i....i....i....i....i P B B BN P P B
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
run number run number 39

10.0 run

.

Ggg(Z dg)/ V2 [um]
GgglA 25)/ V2 [wm] / 10.0 run




</> Residual SVD time-dependence after major events

once per bucket (shells
each run)

Belle IT

S O e T wc rominan 1 It seems the major R 110e¢ aaannanny neoseneen

5 . Belle S ] . i E | ] MC nominal

o 35 —""F’rel|m|nary"""'"'"'""""""?"""""";""“ ----- gﬁh;&‘g‘ "perg),ﬁ ----- §] remaining bias comes N Dt -Sf;{,fn{-’na,y IBICt Em.sa1| n)ed) t
— [ : i “ : alae om
SN At L AR Dataewzfpow from a typical* S 5f ey (expm): Data e’éﬁuiﬁiw"z
E L deformation in SVD: S 10f-— CR—

N 25f Not corrected, because A wfl 1»3" ", - *

= | SVD sensors are aligned e ) : - ®

N 20 | Y -

q s

(8]
s
[$)]

-
o

Big step upwards in

0 1000 2000 3000 4000 5000 6000 7000 CDC deformation — VXD -3 -2 =il 0 1 2 -
run number  follows, but something 9,{1) [rad]
E‘ 400 I T | 1 T T T | T T T T | T T 1 T | T T T T | T T T T | T T I more happens for SVDI
= F Bellell - L(X, <X o)/ 4 o F ] ]
5 300 [ ... F’i’e‘lmmary ................................. } .......... Z (y shi “ ............. h")f4_ ThIS |S followed by .,_D__ 20 : Be”e[f :— EE (nm‘i;nallna:‘l)ed ]
SR | : Zmui h';), 4 1 continuous relaxation T 4 b iciminary + Data expiZ(prompt)’
§ 200 : : h || D 3 hell” 2° 7. : S 15F ety u’ u {'e;{p '|¢J pe Data exp-'z |pr°c12|—:
5 : ; :1 over several days... ~ 1ok ]
S 100 F bad!! N
GEJ N ﬁ 5 o
E  of :
2 - -
S _400F Looks a bit like ladders
shifting in z (5-10um in
~200 by ' ' i ' coed L3, maybe 20um in L4+, PSS I IR P IR D R £
1000 2000 3000 4000 5000 6000 but not consistently 3 2 4 0 1 2 3
run number ¢,(1) [rad] 40




< /> Alignment basics: residuals

Belle I
£ — —
S 009 Bellell i v tnomina
¥ 0.08E Preliminary . Mean: -0.34 £ 0.01
2 e'e s U Do RMS: 19.75 +0.00
E 0.07 F (exp 125.1 H B ._ o Dataexpi2 (proci2) _E
5 0.06 F E ®  Mean: 0.03 2 0.01
£ 005} . ®  RMS:23.39 £ 0.01
=
s 0.04F . .
pus .
S 003} . .
8 oo02f 9 r

[ .9

0.01F o %,
AL st .S

9100430 -60 40 20 0 20 40 60 80 100

PXD track-to-hit u (R-¢) residual [um)]

E‘- 01 6 _l Tr[rrr [ rrrrrrrr I. .| L . __
o Belle Il «  MC (nominal) ]
< 0.14 - Preliminary Mean: 0.07 =000
7] X .
£ 012l ee o RMS: 1478 000
g (exp 12) o Dataexpi2(proci2) 1
= .

5 0.1 P Mean: -0.47 :001 1
o . . _
= 0.08 - -] AMS: 21.14 000 ]
E 0.06 [ o« . ]
S 0.04F . . 1
= . .

0.02 o, ., ]

® . .
I--M?:.-:.l.. | \.T-.:’!M-J

0 L 1l
-100-80 60 40 20 0 2

40

60 80 100

SVD track-to-hit u (R-¢) residual [um]

fraction of hits on tracks / 4.0 pm

fraction of hits on tracks / 4.0 um

0.06 :—Beﬂe I 1 P9 mc (nominal) 1
[ Preliminary - Mean: 0.09 +0.01
0.05F e s e AMS: 3648 001

E exp 1251 K % . @ Dataexpi2 (proci2) 5

0.04 - : .. Mean: 0.20 +0.02

b p e  FMS:40.81:002
0.03 i J L
[ . .
0.02 |- . » 1
. .
* L ]

0.01} 3 % )
0' AN BRI B AR B .
-200 150 -100 -50 O 50 100 150 200

PXD track-to-hit v (z) residual [um]
A A AR LA A AR RAAAS AR

0.06 :—Beﬂe I [ "5 MC (nominal)

L Preliminary F Mean: -0.01 + 0.01

0.05F e - i .P. RMS: 36.98 + 0.00

N exp 12 » y @ Data expi2 (proci2)
- (exp 12) .
0.04 - ' L] Mean: 0.06 = 0.01
003k : '. RMS: 43.62 + 0.01
. J L
. .
0.02 - . ™
L { ] L ]
; P!

0.01 L

-200 -150 -100 -50 O 50 100 150 200

SVD track-to-hit v (z) residual [im]

Integrated over all PXD/SVD sensors
and mumu_tight skim files used for
expl2 alignment validation

Much larger discrepancy for ,u“
probably comes from SVD

Intrinsic SVD sensor resolutions too
optimistic on older MC — new MC
simulation will address this

Cannot be caused by any kind of
misalignment (confirmed)
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</> PXD Alignment evolution in expl2 reprocessing

Belle I

Median(up, — up) for histogram [um]

Median(vy, — vp) for histogram [um]

-20

=60

BELLE Il Preliminary; Exp 12 Run 5349 - Exp 12 Run 6427; 2020-06-04 12:03:56 - 2020-06-30 23:54:14

60

40

20

—40}

- o~ - - N ol N N oA N e N A R .
- o~ ~ < T e o~ T R T < 1 on prompt
= SR ES L Sledl AL S S AeA ] A0S N proc12
OjD ‘ : ’ 05 : ‘ 1‘0‘ : ‘ 1‘.5 ’ ‘ : 20 ‘ ‘ ' 2‘5
Sensor and Histogram number 10°
BELLE Il Preliminary; Exp 12 Run 5349 - Exp 12 Run 6427; 2020-06-04 12:03:56 - 2020-06-30 23:54:14
i i | | i i i i i i i 1 i pmmpt

procl2

]
]
'
~~~~~~~ - - ~ - ~ - ~ - NN ~ - ]
....... m < - wn "] ] © ~ ~o® o om < w i
ﬁﬁﬁﬁﬁﬁﬁ I T T I L S = = R (ST~ T T R T T
0.0 0.5 10 15 2.0 25

Sensor and Histogram number

Even with this
granularity (about
0.1/fb), alignment
sometimes not fast
enough to follow all
movements

In U-direction,
the remaining
effects seem
negligible

V-direction is worse
and forward sensor
more affected (due to
track&detector

topology)

Correlations of residuals
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</> Instablility in U

Belle I

BELLE Il e 2o
Preliminary MC xlo
PXD L1

PXD L2
SvD L3
SVD L4
SVD L5
SVD L6

ete -»utu-
! 03/04 - 06/30 2020 +
B 2021 calib. (procl2)

- 2 - 4 B 0

PXD L2
SvD L3
SVD L4
SVD L5
* SVDL6

i I ‘h rompt.
i + ; \'* '* J.i» gxn Lplt

-
> <+ % -

-

=

=

x

.

=

o

1SS

ut;.E 1
|

o

£ [
5 -1

o 1 2 3 a4 5 6 7

Sensor number (1 at max +z)
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</> Instability in V

Belle IT

14

10

(gtime) — (gfime) in v (2) [um]

12

Preliminary

+ BELLE 1

[ efe —utu-
- 03/04 - 06/30 2020
2021 calib. (procl2)

- o - <4 B 0

|
-

> <+ B 9

Sensor number (1 at max +2z)

6.%.1
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D . .
</> Charge-dependent momentum biases for cosmics

Belle IT

APY/Pt I APt/Pt APtPt |
TS | TS 50 — Procl2
o 45__ — Pos. charge | - 45 — Pos. charge | .- 45_ — Pos. charge |
- : : : & = : B C
= E |— Neg. charge | : : - F |— Neaq. charage [ : = - |— Neg. charge |
% 3__ : , ............. SETTLTERT LY FEEETRLPRLTD % 35_ g g % 3:_ g g
s 2;_ ................................................... ............. 2F
1B S O S SO ] S St SO O ____________ -
N N N S S b e o T
SiamanRE e R o = F —— —'——4—+++_|__{_ + f ——— +
,15_ ----------- ............. ------------- -'_—l::r.:’::t:l::':—{_ _1;_ ,,,,,,,,,,, e ,,,,,,,,,,,,,,,,,,,,,,, + ,,,,, _-I._ _1;_ ++++++«|«
A eeeeaaaas Fevnrennnaannd e bereeeaaas _I_ 72;_ ........... R e e et e e et aan -2F .
] S RESICCRETES FLPPTPRTSPT SEEPIIOS SURPRB PR NP NI -3k
P ST _42_ ............................................................. 4k
sk l l i L : i | i | : : '
8 2 4 6 8 10 0 2 4 3 8 10 % 7 1 6 $ 10
P, (GeV/c) P, (GeV/c) P, (GeV/c)

MC does have a larger bias, but

It seems there is a residual twist
not charge-dependent

caused by compensation of

General small (<10-®) problems with momentum biases (also vs. phi) might be related some inconsistencies

to compensation of problems beyond alignment (magnetic field / deformed CDC (deformed CDC-endplates/
endplates / ...). Difficult to fix at alignment level (need better detector model). Solution: ~ magnetic field description/?)
cos(theta) but also phi- and charge-dependent (sagitta) momentum corrections at

analysis level. 45
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D
< /> PXD2 ladder bowing amplitude in different 2024 periods

Belle IT

bow : alpha * length [mm]

0.6

0.4

0.2

0.0 1

exp 29 run 620-637 m
exp 30 run 1243-1246

exp 30 run 2698

exp 30 run 2705 D
exp 30 run 2747-2752

exp 30 run 2866-2870 g
exp3lrun74-76 p-1

exp 31 run 128 - 147 o

[
exp 33 runs 1328 - 1331 g

exp 34 runs 8 - 42

Jhitd

Hipcesorae

© ! g
~
3 8 E Q%
-
|
- N A o 4 ©N A ©®N ~ ™N A & A ©&§ 4 ©o = ©®§ 4 "~ A " ©§ A "~ A ©& A~ " ©&& = ©~ 4 ©& A4 ©~§ A ™~ A ©o ~ ™o
L T B o o O O T 2 s B = T T T o L B A 2 T B R - T = T = T S B N |
4 4 &4 A A &4 A 4 4 A & 4 A A 4 4 0&/Aodo6sW Mo Mo W W oW MW W MWW o 44 A4
mmmmmm

Max bowing
for operated
ladders
between
300-650 um.

Depends on
beam
currents (and
which
sensors are
turned on)

Two ladders
with largest
bowing
turned off in
beam
operations :-(
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< /> Belle Il Calibration and Data Production

Belle 1I
* Physics data calibrated in prompt e Lo PROMPT
. . Calibration
calibration loop every bucket —
- Done at BNL = _
- About a month after data | | - W
* Recalibration IJ EEIN Hlia
.J production
- KEKCC or NAF _ :
- After a year or two, all data when l{_!%: [[ ]‘ ==
needed ary TN ey f
- Fix issues, improve... S W | D=0 | g (AP
c;gr?na% IEJI;J ;ﬂ : — » (grid)
Bucket = several weeks of data- Alignment: aim to provide the best possible
taking (scaled to about 10/fb) performance for physics already in prompt
calibration
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o

Belle I

. B l PHYSICS
General Broken Lines ([ -m
_ DL .

> Track model with proper describtion of multiple scattering

Helmholtz Alliance

> Track constructed from measurement and scattering points

kink interpolation

> User has to providé

at each point:
* Residuals, measurement errors, projections from track coords.— measurement coords.
= Jacobians of propagation between adjacent points
= Scattering errors at scatterers; derivatives of residuals w.r.t. align. params (for MP2)

> Track described by change of curvature and kinks at scattering points

x = (Aq/p,uy, ..., Uy of scatterers) from measurements

N4 meas
> Track fit by minimization of: rix) = (Hm,iX = m) Vo (Hin 1% — mi)/
i=1n# ok from kinks
» Interface to MP2 + Z (Hk,ix)TVJ:}(Hk,ix)é//, .
i=2 L\ 228

- Integrated into GENFIT2
package

- Profits from generic treatment of
many different measurement types
- Advanced treatment of material
for multiple scattering estimation
(thick scatterers)

49
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</> Performance with cosmics & B=0T (PXD2)

Belle IT

Adg [mrad] Azy [pm] Adp [um]

Atan({A) [1077]
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From T. Wilczeck (PRG)
IEaaRAEas Fo W0, B IRSCH s o oS SR B, ++++++*'*"'+*'+++ _+++++++++++++++
-+
] ++—~4++++++*+++ ] ++++++++++++ +H ‘++ 4y B S 1 +++++ s +++
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Reminder: Ladder Bowing in PXD1 L2 due to Beam Pipe Heating

2018 eld

¢+ Az for L2.4.1

80 um

250
200~

1 Jun 2022
150~ /

3 y

= g

L2.04 w [um]

e SGHINGDACEIL NOO SET
CHLINY BRESLNOB_S8T

A00

#
0 ,f'// 00
1.4
50 :}f’ i 200
=100
4 2 0 2 4 8 = ]
2 [em] i :n.r:m 19:88 20:00 20:38 100 218 22:060
14 Exp 26 = PXDL2.4.1vs SVD tracks: -6z
e ++,4 1080x1350 mA:
=t l oA +++++ +++ = =
120 Az SVD track
1 & 4 ++¢++++ gt | 920x1150 mA*®
v =
- 100 1 ik Tyt Pl s e HH+,+ | 840x1050 ma?
8 80 =
| +
a 1 3 . NI NE *H 720x000 mA2
g 60 + H i if ++++¢ i#i +H 640%800 mA=
o 1 S ' -
40 + T19 T20
] $ +¢+ + oty ++++++++++++H ++++:|.-|- 520x650 MA? e i
20 B e M T 400x500 mA?
i Al ety -] 4 x500 mA
0] » alignment: €26 at 160%200 mA?
-20
—40 1+ pegin of fill
_ao i 0] T T LN | L) T L) T Lf ()
0 5 10 15 20 25 30 tslsmin] backward
at run start: ~constant lumi state: depends on beams

TB Meeting, March 29, 2024 Beam pipe heating and PXD movement

25§
ST
L1 |‘|'v-‘| 1 ﬂr“’f"i

8 &8 &

58

Beam pipe temperature [°C]
S &

-k
w

Improved beam pipe cooling implemented in LS1

carsten.niebuhr@desy.de



L1 Ladder Bowing in March 2024

Az SVD track

run 2190-2232 1.8.1

lR:paraﬂin:BP FWD:T2 [degree] 3_-

PXD 1.8.1 vs SVD <Az> [um]
N
7

fill fill  fill | fill : 1] fill
VHER, HER | LTHER bbb s VB et HER b
LER LER LER LER : - |LER LER

1 fin
1 LER

0 10 20 30 a0 50

time o
o™

Temperature itself probably not an ideal
SVD tracks extrapolated to PXD - measure ... level does not recover, some

residual delay of onset possible

TB Meeting, March 29, 2024 Beam pipe heating and PXD movement carsten.niebuhr@desy.de



D . .
< /> Question / Hypothesis

Belle IT

Can the deformation be described (in first approximation) by a
single time-dependent parameter?

* All non-linearity in the time-dependence + each sensor parameter
can have different (but constant) correlation to the temperature

- Effects have to be reproducible (same temp — same deformation), relative
behavior of sensors have to be constant (sliding starts at the same time)

e ... atleast in the first approximation

Assume such a parameter exists and we can extract it from the
data. Can we correct for these effects nhow?



D :
</> All charged tracks from IP: SVD to PXD extrapolation

Belle IT

L1 residual trend and beam pipe temperature

run 2397-2407 1.8.1 same alignment as last week

=
o

w
o
|

iy
o
"ﬁ_‘ :
L ]
¢ o
-
- -
= =
oy
——

PXD 1.8.1 vs SVD <Az> [um)]
L]
o

o

iy
o

—20.-1 . g L4 RN SRR, 3 W,
High-resolution

data-driven |
proxies are 4 -

: “ 0 2 4 6 8 10
“expensive time [h]

start Sat 23.3.2024 12:17 JST 3 min per point
after 640x800 baking run

D. Pitzl (DESY): PXD updates 9 PXD analysis, 26.3.2024
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</ > Median V residual over all PXD sensors

Belle IT

* Only di-muons, SVD to PXD extrapolation

0.0003
0.0002 4 11 A iiile T /1 Nk
0.0001 4
0.0000

—0.0001 -

—0.0002 A

—0.0003 A

—0.0004 1

—0.0005 +

04:00 06:00 08:00 10:00 12:00 14:00
datetime

Naive proxy — much better possible by ,pre-solving* alignment by absorbing
residuals in u,v shifts for each sensor individually (higher-order residual proxies?)



< /> Fit with splines for up-sampling

Belle IT

e Subtract average and fit with splines for upsampling

MW /,\ /W\f\fm WJU

—0.0003 ~

—0.0004

Time-dependent proxy

—0.0005 A

T T T T T T T T T
16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5
1e13+1.7110000000e18



D . .
</> VXD deformation amplitude every 10 seconds

Belle IT

* Uploaded into database (IntraRunDependencies)

— Our condition database has no notion of time — need to fabricate it ex-
post and parameterize by event numbers (due to variations in luminosity)

3
3

time-dependent template

T T T T T
175000 180000 185000 190000 195000

Figure from test of payload reading...

T T
200000 205000

T T
165000 170000
+1.7110000000e9



< /> Alignment with deformation parameters extraction

Belle IT

* Define for each PXD sensor alignment parameter a new alignment
parameter

— Same derivative as original, but multiplied by the (time-dependent) bowing
amplitude (taken from GT)

- 40 (-5) x (6 + 3 + 4) = 520 (455) new parameters, constant over alignment
period

* Determine complete VXD+CDC alignment + parameters of the
deformation with Millepede Il

- Adjust the average and can absorb part of time-dependence which is
coherent among sensors and proportional to the input bowing amplitude



D
</> PXD deformation coefficients (rigid body)

Belle IT
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</> PXD deformation coefficients (surface)

Belle IT

value P_20 P11 P_02
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</ > Cross-checks
Belle I

 Compare residuals versus time before and after
e U/V
e All sensors vs. individual sensors
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< /> V residuals

Belle IT

Median V residual per 3 min [pm]

All PXD sensors

AA
j'V Y
_2 E |
_3 -
_4 -
_5 o
04;00 06:00 08:00 10:00 12:00 14:00

Time

# of bins

# of bins

I
- u=118umo=1.03 um
e g =0.05umo=0.21um
20
10
0 T T T T T
=-5.0 =25 0.0 2.5 5.0
Median V residual per 3 min [um]
25 4 u=372g=251
20 1 u=0.18c= 051
15 A
10 A
5 -
0 T T - T . T T
-10 -5 0 5 10

Normalized V residual per 3 min [o]
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< /> U residuals

Belle IT

All PXD sensors

r
2.01 4 g =-0.26 um o = 0.33 um
m 1 =-0.01uymo=0.25um
w
1.5 5 20
E s
3 4
e 2 ' . | 10 ;
E i
T 051 I 04 — .
a -50 -25 00 25 5.0
g H Median U residual per 3 min [um]
T 001 T
o | 1
£ il <8 y=-1.080=104
€ =0.5 s u=-0.060=0284
T | 1 i 2
s - l 5 |
-1.01 5 107 ='
## | |]
51 4
il
0L . i .
04:00 06:00 08:00 10:00 12:00 14:00 T 5 10

Time MNormalized U residual per 3 min [o]



D .
</ > 1.8.1V residuals

Belle IT

1.8.1
I
u=10.41 yum g = 3.95 um
20 EmE ug=056umo=2.38um
a
— l 2 20
E i ‘s
=) i #
£ N 10
E Ll
m N
] 0~ T o T T
a -50 -25 0 25 50
g Median V residual per 3 min [um]
@
L
5 u=4730=1.80
5 15 i =0250=0097
2 -101 =
= | et Lo
[=]
E™
5 .
—20 4 S
. o whid
04:00 06:00 08:00 10:00 12:00 14:00 _10 -5 0 5 10

Time Normalized V residual per 3 min [o]
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</ > 1.4.1V residuals

Belle IT

Median U residual per 3 min [um]

141

10 ~

—10 1

04;00 06:00 08:00 10:00
Time

12:00

14:00

# of bins

# of bins

u=-0.02 umo=1.68 um
U=-027 ym o= 1.69 um

30 i
[
20 2
10 u
|
0 T T L‘Iﬁ T T
-50 -25 0 25 50

Median U residual per 3 min [um]

204 u=0.020=0.78
=-0.130=0.78

15 £

10 1
5 -4
0 T T T T

-10 -5 5 10

Normalized U residual per 3 min [g]
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</ > Example for L2 sensor

Belle IT

2.1.1
I
12. u=-181umo=2841um
10, By =-0.88 um g = 8.86 um
[%4]
40 1 5 15 E‘.
T 5 Hkk|
£ |t
E 28 [
m JU
] 0.0 T T T - T T
2 -50 -25 0 25 50
g nh A Median V residual per 3 min [um]
G
[:}]
S V ¥ u=-0230=1.01
c 151 p=-0180= 103
2 2 i
= o 10 A Hi
‘6 ull
# -é;'[
5 - |
—40 - i
|
; 0 ]
04:00 06:00 08:00 10:00 12:00 14:00 _10 -5 0 5 10
Time Normalized V residual per 3 min [o]

For L2 sensors, pulls usually not reduced
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</ > All L2 V residuals

Belle IT

* Probably should add indepedent proxy

0.0020 ~

0.0015 ~

0.0010 ~

0.0005 ~

0.00004

—0.0005 4

—0.0010 +

—0.0015 +

and coefficients for layer 2

04:00 06:00 08:00 10:00 12:00
datetime

before

14:00

0.0020 -

0.0015 A

0.0010 -

0.0005 A

0.0000 - '*

—0.0005 ~

—0.0010 4

—0.0015 ~

04:00

06:00 08:00 10:00 12:00
datetime

after

14:00



D .
< /> Many open questions and work

Belle IT

* Really ,safe“ method?
- Proxy does not match? - ,zero” coefficients... still global minimum, should not get worse (really?)

* How much can we describe real detectors like this?

- How many parameters can we reduce? Could describe slow evolution of high granularity structures
at fine level? Needs already some knowledge of time dependence (L1+L2+... or separately? ...)

« Templates from residual validation vs. template basis
— Physics-informed: continuous versus step movements

* Interaction with existing loV methods, pixel detector recalibration (CMS), iterations,
integration into existing workflows...

» Derivation of proxies

- Machine learning? Learn from high-frequency proxies — better proxies for lower statistical
resolution

« So far only ,proof-of-concept” on 10 hours of Belle Il data
- Possibly years of work (also for students)
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