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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
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< /> Past, Present, and Future

Belle I

Belle Il Online luminosity Exp: 7-35 - All runs I
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Systematic errors will start to dominate measurement precisions for many analyses
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< /> Precision @ Belle Il

Belle I
g 1401 R S [ | PN ,bz _
JUSt tWO b 1201 pBsin(8)
examples. . S E:: Sezllezg\:/aDjocﬁs;nnl]c (Data) BN715
5 100; b= 32.9+0.8 um GeV/c
8 80; Belle Il single track events (MC)
o)) L ===k== a= 11.6+0.0 um
o b= 17.9+0.0 um GeVic
N OO | | 8
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o 1+ 2 3 4 5 6 7 8 Quantum entangled neutral A Belle ~ 200 um
pBsin(6)°? [GeVic] B meson pair production Belle Il ~ 130 um
: .. DO lifetime
Alignment precision at
level of micrometers PDG: .
needed VALUE (10715 §) EVTS B
410.1+ 1.5 OUR AVERAGE iy
Advanced track-based D i
(time-dependent) alignment ¢ - = =
f:"“:-.h‘h.',”ru".:.'f: d production point  beam spot
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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
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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
i 0 “i ‘u *’ J.q W a&.m 17«&'1‘15 af#p._t,‘-p".;,'-nﬂ.
x : N T J" ikt B Adih et
1] \T|j curl s —20F ;
— " 9000 2000 3000 4000 5000 6000
E soF
= ot w
: & Or'kf !'lw x’ q S‘“'NB
* Detector&reco model issues = lk’ ; pmmptzs L el
-50fF o | pt b l
- e.g. imperfect magnetic field description = 1000 2000 3000 4000 5000 6000

Run number



D : :
</> Belle Il Alignment Parameters: Local Alignment

Belle I

W TR

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

212 sensors iy
X 18 parameters g

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

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

strips

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle Il TDR, arXiv:1011.0352
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More than 60,000
parameters to be
determined 14,336 wires x 4 parameters
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</> Belle Il Alignment Parameters: Global Alignment

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
yt - ’ (Xo, VW Fay,
Z Ay",
1u|nI ) v )
\ u (XG;J ) y[_\t) . (X.’)f’ y(:f) \ A(pfib +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 *Redundant DoFs removed by linear

equality constraints 8



</> 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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< /> Data SampIeS for alignment
Cosmic events

Belle IT
Hadronic events , DI-muon events (merged tracks
% (with IP constraint) _

\

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

Saren| [Ee| helps to reduce weak modes
Lines (GBL) kink interpolation I;?{.- collisions
Track model with proper : ; :

description of multiple
scattering ) |
GBL

measurement 1 2 3
5 6 Nscat=1 Nscat

thin scatterer

A Recorded during

10
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< /> 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]

11
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< /> Weak Modes in Prompt Alignment (without wires and IPdimuons)

Belle I
'E 100- T T T T T |- 51400- T T T T T |- E‘ 100- T T T T T T
. A . L) L = sl RadialExpansion =00} Curl | = sl Telescope
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y s & 800}
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A o con(20).1 | B0 o cos(5) | 02— om (e USAlIGNMENtS 2} nemvissrsoaremsorssses S S
® TN P ‘ 2 4 6 8 10 1%[&;1]] 2 4 6 8 10 1F2Q[(:r£r11] 2 4 6 8 10 %lgr%]
- 'E‘ T T T T T T T 'E‘ T T T T T T T 'E T T T T T T T
= 100} - {1 = 100} {1 = 100} :
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! = Cacat |2| rag *\iva‘e 2 = % 4AG) = 10401 S O AG) =050 17 % A@=04401
= , i 1 i
S : | =
{
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20} -20} 1 20}
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= I PO=0.14, p1=0.00, p2=3.3e-04 1 3 -2-10 1 2 3 -3 -2-10 1 2 3 3 -2 -10 1 2 3
15 i A Cosmics+Hadron+Muons ] o [rad] ¢ [rad] ¢ [rad]
T pO0 = -1.83, p1 = -0.034, p2 = 8.6e-04 —_ r . . " . —_ . . . . —_ r . . r .
A Cosmics+Hadron = No Dimuons g 3 . ] g | i 1 € 3 .
[ asesseny, PO =-3.27, p1 = 0.035, p2 = 1.26-03 ] = 100 Bowing E 100 Twist % 100 ZExpansion
10| Cosmics+HadronsDimuons (IP free) ~ All (P free) | S 80F A(0)=50.6+0.1 3 80F A(0)=50.4+0.0 1 2 80F A(0)=50.4+0.1
1 PO =215, p1 = 0.003, p2 = 4.3¢-04 2 = 60F A(2)=-02102 < 60f A(2)=05+01 {1 > 60} A(2)=-14+0.1
I a0} 1 40} : a0}
2 20f ] 20} 1 20f
[ 0 0 0
op -20f ] —20} 1 —20f
4.1, : . _4p kA . . . L L _40 L L L L i —40kA . . L L L
PUR P o | —20 -10 0 10 20 30 —20 10 0 10 20 30 —20 -10 0 10 20 30
[ ': o Belle Il z [cm] z [em] z [cm]
5T . Simulation ] . i
i P Weak modes in prompt alignment

0 20 40 60 80 100 120

Layer radius [cm] are well constrained 12



</> Full scale MC tests with misaligned wires

Belle IT

Black: initial realistic
misalignment

Red: remaining residual
misalignment

Can recover from a
realistic wire misalignment
to negligible residual

misalignment in a single
iteration!

-100 [

=200

=300

— RMS(x ) =38.9 £ 0.2
— RMS(x) = 12.9 £ 0.1

I
5000 10000

Wire number

— RMS(x) =47.8 +0.3
— RMS(x) = 14.2 £ 0.1

l
5000

10000
Wire number

— RMS(y,) = 39.9 £ 0.2
— RMS(y,) = 12,5 £ 0.1

5000 10000

Wire number

— RMS(y ) =46.9 0.3
— RMS(y) =13.2 £ 0.1

10000
Wire number

el b b b b e
-150-100-50 0 50 100 150

¢ [deg]

B0 ]
-150-100-50 0 50 100 150
¢ [deg]
= 60
=
A
T 40
v
20t
O |
—-20
-40
| | | | |

0 20 40 60 80 100 120

R [cm] 13



</> 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 14



< /> 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

15



selection="abs(Z01)>0.5 &&

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

Belle I
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</> Impact Parameter Resolutions

Belle IT

25

) [um]
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d(} d(}
V2

15

Opes(

10

|
it
X

——

S

=

l

4+ MC
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4 6 8
pB(sinB)3? [GeV/c]

10

_ Zgown
V2
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Opes(

25.03
22.5f
: 20.03
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6 8
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10

Less than 15%/10% difference in d /z, remains. Remaining Data/MC difference mainly due to too optimistic SVD

resolution in (old) MC and residual time-dependencies.
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</> 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
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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] 18



< 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
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— 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
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-20 20 2 :
05 0 05 ) 05 0 05 1 £0.005 0 0.005
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= = = = 1 = 1
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75 0 05 1 T35 0 05 1 0005 0 0.005
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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
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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] 19



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

Belle IT

MC features well
reproduced,

resolutions only a
bit worse for data.

Offset in d, resolution
related to (old)
optimistic SVD
simulation

= M NWWasas O
oMo g o ;o

—_
o o,

Cgq(Z do}f@ [um]/ 0.2 rad

G5l 2,)/ 12 [um] /0.2 rad
= N W A OO O =~ @
o O O O o o o o Qo

Angles for positive-charge muon candidate

g T L B I
- - Belle I Mg inomllnal‘ d ]
- - - misaligne ]
g P+re_I|m| zirv_ +Data exp129 (prompt);
F e'e o (exp12) & Data expl2{proci2) ]
E- e iy :"'”'\--...--" i -
-3 -2 -1 0 1 2 3
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F T T ]
L Belle Il —— MC (hominal) ]
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3 “P:e_hmlna.ry_ " . + Data e:u:p12g prompt);
F €6 ST {exp 12) T Data exp12 {proc12) ]
; . e e e a
-3 -2 -1 0 1 2 3
b, [rad]

[{=}
(=

80

Ogg(E dy)/ 12 [um] /0.2

oA 2)/2[um] /0.2

o
N P
o o

100

60 |

o

-2

! T ]
E - Belle Il MC (nominal)... ... 3
F p,%’"f”naw - MC smusalzgned)
L # Data exp1 ?prom T
F e’ W w (exp.12) ;.. Data expl2 (proci?)]
§ o
o
-2 -1 0 1 2 3 4
tan(})
: Béllé ” i Mc nomlnall ..................... __
| Preliminary - Egtaimlsalzqn?%)m "
- e'e - u U (exp12) ; Data expi2 (proc .'?E
3 4

tan(i)

20



< /> Vertexing systematics for dimuons

Belle I
14 [T T C T T Ll e e A LR
. Belle Il : —M nomlnal) [ Belle Il —— MC (nominal) Note that our ideal MC
12} ""P‘fél‘imiﬁar‘y"" e MG“{""SG' "e‘i’)"""""‘?"- 10F Prel|rn|nary__._._._._§__________________'__'__'__'Z_'._ _____ MC xm'sa' ned)

? Data exp12 (pro Data exp1- has a bias ind_ :-)
10¢ ""e Sy (9¥P12J: Daia:exgmigroﬂ%} 2proc1pt) 0

i ]
) —? gy (e?xp12) q Data exp12
5 :_ ...................... .......................... ............................................... ]

<X d,> [um] /0.2 rad
<X d,> [um] /0.2

No significant
remaining

_ g ~ ii] systematics in
_102|1|||| proc12

2
¢.(1) [rad]

tan(X)
E251!""!"":""!"""""""‘: N _ ——————— | Radical improvement
S ogb.Belled.....: — MC (nominal) 1 - _me ng_m.l.n_al_) ______________________ for z_ bias vs
ik 201 :Prellmlnary o MC gmlsal ned) 2 - MC 2““58' ned) 0
S 15f _____Data expl Epl‘om t)_ = Data exp1. iprom y tan(lambda).
= Data exp12 proc 2} A Data exp12 proc

; N : ] -

% 104 § N ._3 Systematics can be
N Sk v 1| well reproduced on
v O0F

MC

- 3 Caused by reswlual SVD tlme E
—10F 1B dependence ........................ o e d | b :
_15—3 SR "0””1""2 3 4
¢ (1) [rad]

) tan(A)
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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

....... - - ~ - ~ - ~ - N e N A ~ - o~
....... m < L ] ) ) -] ~ ~oo® o w < i w
ﬁﬁﬁﬁﬁﬁﬁ - — — = - — — = LI~ N = B ~ ~N o

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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</> PXD Alignment evolution in expl2 reprocessing

Belle I

PXD sensors 2.5.1 vs. 2.5.2

10 20
T ot b b Rl %@\ﬁg,é 10} Belle 1l PXD
= W AT A T PRI | of  eae
> -1o0f , i .
3 ST T 0k - 010 Experiment 12 Run 3496 - 3745
_zg 1000 2000 3000 4000 5000 6000 i%z 20 alignment corrections x 100
= S EEL M 252 | 4ol
10F
= Pyt v A /‘ b ol
T AR LTI N L, I
< w Wi w L L B e 5 p=079
_‘1‘2 1000 2000 3000 2000 5000 5000 i%z 0 20
T ol 5 b 25, o5 | ok
= A e | é
& 6f T T T G T T . S Y4
;: “““ —ed B hhﬁ ?.' \H‘ ."T ﬁ’“ Wy x'!"a‘fn‘v
5 —20F ¥ s
3 =097
— "% o000 2000 3000 2000 5000 5000 2(12 20
g 50 i : 50F p=0.41
- ' ¢ J ‘ i ’ wt
=3 OJ: .!!im *P lp-*h} mw 0f eagumuinipn:
= v
©
g —sof . ‘ } Prompt 2.5.1‘ prorlnpt 2.5.2 Lsol ‘ ‘
1000 2000 3000 4000 5000 6000 50 0 50
Run number
w
u
Sy
B /(C(
y<lt

Animated gif:
https:/lwww.dropbox.com/scl/filv6pe79t07vr974jxa6ct9/pxd_expl2.gif?rlkey=18w7r00j3qginpyudvsmr7yrj&st=6eb6je68&dI=0

*Differences to first exp12 alignment shown in animation
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D :
</> New PXD & Alignment

Belle I

Real shape of the PXD2
(sensitive areas)

as determined by the alignment
during commissioning (B=0T cosmics)
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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
| |
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Ady [pm]

Azy [um]

—200 +

- e -+~
g . -

P SPEE T  She

+++-o-o—-

ey b=y ]

200 A

A®y [mrad]
o

B el

e e R R o S

i

Rl S _._+
-

Atan(A) [1073]

-4+

e e e

e

———— -~ - L

1.

+

-1.0 -05

0.0 0.5

dy [cm]

1.0

=2

Zp [em]

-2 -1 0
@y [rad]

-1.0 -05

0.0 0.5

tan(A) [1]

1.0

Entries

es

Entri

Entries

Entries

2000
Median = -37.4 [um]
Ogs = 1.56e+02 [pm]
500 Median = -1.02 [um]
Ogs = 14.8 [um]
1000 A
500 1
0= ; ; - ;
—-1000 -500 0 500 1000
Adg [pm]
Median = -2.04 [um]
1500 Ogg = 2.81e+02 [um]
Median = -0.373 [um]
1000 Oy = 18.3 [um]
500 4
01+ . . : .
-1000 500 0 500 1000
Azg [um]
Median = -1.54 [mrad]
600 - ggg = 2.0 [mrad]
Median = 0.00107 [mrad]
ggs = 0.506 [mrad]
400 4
200 A
0= - ; .
-10 -5 0 5
Ady [mrad]
1000 4 Median = -0.0189 [10~?]
Ogg = 2.01 [1073]
8001 Median = 0.013 [10?]
600 4 O6s =0.583 [1077]
400 4
200 A
0 : .

=10

0 10
Atan(A) [1073)
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D :
</> PXD2 & New Alignment Challenge

Belle IT

* Observed (also) very fast bowing-like deformations correlated
to beampipe temperature — depends on beam currents

* Would need much more data for alignment

Az SVD track

run 2190-2232 1.8.1

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

w_}ﬁ?. _ . f&

PXD 1.8.1 vs SVD <Az> [um]

_20: - :
1 fin fill fill fill fill fill fill fill
_304 PYER i HER HER| @ |fHER WV 4 oW WER  HER: 4L
1 LER i LER LER LER LER : i LER LER i
LER : : : e
i o~

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“
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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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D .
< /> 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 ...)

29



D

<O

Belle IT

Thank you for your attention!
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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)
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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

10.0 run

.

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




< /> 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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</> 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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® . . 6*55*4 6*.45*3 6*35*2 6.%.2 Bk
< /> Instabllity in V
Belle IT 2 —2el T
= =+
E BELLE II =10
= 1h + Preliminary b PXD L1
N ete -utu- § PXDL2
~ 10} 03/04 - 06/30 2020 ¢ svDL3
> i 2021 calib. (proch} * sSVD L4
£ 8r b SVDLS
= ' ! 4 SVDL6
Eo o ' + prompt
HDE $ PXDL1
~ 4r {+ ; i t # PXDL2
I ) LT i f + ¥ SvDL3
o= : k b » } b svwDL4
E b dt = = L SVD L5
e ; # SVDL6
20 1 2 3 4 5 6 7

Sensor number (1 at max +2z)
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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.
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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)
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D . .
</> Performance with cosmics & B=0T (PXD2)

Belle IT

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

Atan({A) [1077]

20

10 4

—-10 =

=20
20

10 A

—=10 4

=20

1.0

0.5

0.0

—0.5 1

-1.0

1.0

0.5

0.0 4

—=0.5 A

-1.0

From T. Wilczeck (PRG)
IEaaRAEas Fo W0, B IRSCH s o oS SR B, ++++++*'*"'+*'+++ _+++++++++++++++
-+
] ++—~4++++++*+++ ] ++++++++++++ +H ‘++ 4y B S 1 +++++ s +++
e o L e e AR B o et s o S o Sy Fat bty -‘|>++‘"+++++++++++
-1.0 —EI.S 0.’0 CI-.’5 1.0 -2 o] 5! 4 -3 —I2 —Il 0 =10 —C‘!.S O‘.O OI.S 1.0
dg [cm] Zg [em] @ [rad] tan(A) [1]
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