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. . D
Particles in the Standard Model (SM)

ELEMENTAR N
P RTICLF

electr Mass of particles

electr.

charge charge (IN GeV):
+2/3 0O 0.00514 175 O
1/3 0 0.006 03 45 0
0 0 >0 >0 >0 91
1 +1 0.0005 0.1 1.8 80
the last missing
Jparticles*: fields*: particle is found
Spin 1/2 Spin 1(0) =
(fermions) (bosons) the Higgs
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- Changing Flavor in the Standard Model <D

Belle IT

N. Cabibbo

K, sin (90

purely hadronic decays, e.qg.
K, sin 6,

_d
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____}’<O T
0 cosf, U
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Surprising Discoveries in Weak Interactions of Quarks

P violated
maximally
in weak
interactions
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- Fundamental Discrete Symmetries Y
Spatial Inversion P: p—> =P
—_— Y —
V, g PR [Ve] Spatial + Charge CP:
P
o —> <
Charge Conjugation C: Ve e G ¢
CP
— | <7
4 % e
¢ C ¢ Is CP, T conserved ?7?

Time reversal T:

1%
eh

CPT: conserved in all local quantum theories exhibiting Lorentz-invariance
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Belle IT

The Standard Model SU, x SU,, x U, (SM) describes all data so far
yet: cannot be the correct theory, SM only a ,low energy* approximation

° Neutrinos have mass (Dirac, Majorana?)

/o Dark Matter exists
(only 4% of the Universe accounted for by SM)

o Baryon Asymmetry in the Universe is
much too large (by 10 orders of magnitude)

need
very high energy
(LHC)or At least two of them have to do with CP Violation
v. high precision
(Super B factories)

QI5 : One of the so-called Sakharov-conditions
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— The Origin of CP Violation in the SM <D
AN \YAR o N
V V V Ild| CP violation from Quark Mixing:
ud us ub
s’ | = Vcd VCS Vcb s | Extension of the Cabibbo-Matrix
b V V V Ilb d = dcost, + ssind,
td ts tb
N ' SN s’:—dsint90+scos«90
Jflavor” Matrix V: unitary ,mass”
Condition for CPV: Matrix must have complex elements

only possible via n x n matrix with n > 2

Theory formulated in 1973 by Kobayashi & Maskawa
(Charm-, Bottom- and Top-Quark were not discovered yet!)

b-quark experiments have established the theory of K&M !
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m- CKM Matrix and the Unitarity Triangle(s)

I dj weak decays of hadrons (quarks change flavor)
4G ~ , ok aredescribed in the SM by the (unitary) CKM matrix
i
Wl Cabibbo, Kobayashi, Maskawa A=sinb,
Vud Vus Vub 1 o )\2 / 2 >\ A>\3 ('0 @
v =y vV = 11—\ /2 AN
Vi Vi Yy AN (1 —p @ —AN 1
large angles =

> Vudvuz + Vch; + th‘/;: =0 large GP

Vi Via

#
Triangle for K mesons V;fbl/;,d

05/‘%

> VV AV V 4V V. =0 | —,

td " tb

Y/ 05

Triangle for B mesons

V EV g (almost real)
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Belle IT

BO(EO) — T, PP, PT, 0T | Br ~ 107Y

i 1 P

T~P
Tree (T) or
Penguin (P)
dominates
— z — b g
B"(B")—-DK,D « BO(BO)_M]/@DKSL OEO _’%%
BY(B") = K« d
) —~oHg T

b ¢ . b S

Br~10" - SW_ s
- .
B rem (5 g
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D(B" — ;A1) —T(B" — ¢;At)

Aqp(¥, At) =

2

Jtime-dependent 1— )\w
CP asymmetry”} = 5

1L+ |A

P

N(BY — ¢;At) + T(B® — 4;At)

ZIm()\w)
cos AmAL + sin AmAt

2
iInduced"
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D

B-Mesons as Sensitive Probes N
B-mesons can be (easily) produced in pairs via the Strong Interaction:
b
I LHC:
ATLAS, large
CMS Cross section
7~ LHCDb
q b
... or the Electromagnetic Interaction: _
B Factories:

N b
€
clean
KEK (Belle)
PEP Il (BaBar)

; Belle Il @ SuperKEKB
o
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B-Factories: Where do we Measure?

<o

D

Belle IT

i ... B-factories at KEK and SLAC
oo L0 eteT S T(48) Y(S) => BB (50%), BB (50%)

=
=
z ;
O =
i_a 15 (ZS}
!
: ]
10 - (3S)
i }
¥, o (i h -
.H_G‘_e, 5 L ! i + r+.'ll - ¢ ﬂ
* LT by, .
0 ; } ; e
944 946  10.00 10.02 10.34 10.37 10.54 10.58 10.62
2
. Mass (GeV/c))
e 8 GeV e
—

e’ 3.5 GeV

B-mesons are produced exclusively,
neutral B-mesons: guantum-entangled

Beam energies are asymmetric:
both B‘s have the same Lorentz boost,
fly parallel in the lab system

Y (4S) Energy Scan

PEP-II
| BABAR

background (,continuum®)
below the resonance peak
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D
s__ The CP Observables: What do we measure?

some state f(f ) or
oo T(4S) . BOEQ CP eigenstate, e.g.

Boi(go) < JJK,  the g
i Z ,Golden
T(4S) CP=-1 channel

LER {e*)

B-Mesons: ‘BO> = ‘5d> ‘B+> = ‘5u>

HER (&)

. flavor eigenstate

B mesons are RV R0 T kg o
oroduced in a B <B) EXFV,D X flavor tagging

guantum-entangled

state ! Az = BycAt At =1, — e

Asymmetric beam energies: translate decay time to decay length
Az ~ 150 um == need excellent vertex detection
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1400
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400?-—““

200

1. Luminosity Accumulated at Past B-Factories

Integrated Luminosity(cal)

KEKB |
for Belle

~ ~470M BB
PEP-I|

0

World record lumi of KEKB:

CcIn

LLLLL forBaBar| . ./ /. . .

PEP-II
stopped

1998/1 2000/1 2002/1 2004/1

35:3.0fb?

| 25: 24 b
11S:5.7 b

Off-resonance: 87 fb!

| ~553 fb1
1 On-resonance samples:
7714S:433 fb! |
135:30 bt _,
125:14tb* W

Off-resonance: 54 fh!

2006/1 200871 20101
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30.6.2010: KEKB stopped
> 1.0 ab

On-resonance samples:

14S: 711 b =
158: 121 b
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_Measurement of @, (8) in Charmonium K° modes B

Belle IT

T
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o
: |
WA

200

Entries / 0.5 ps
== N N

0.4F
02C

Asymmetry

Raw Asymmetry Events/(04ps) Raw Asymmetry Events/(04 ps)

6 -4 1t?p5)2 4 6 6 -4 2At?ps]2 4 6 s 0 5 At (pS)
sin2¢,=0.667+0.023+0.012 sin2¢,=0.687+0.028+0.012
A.=0.006+0.016+0.012 A=-0.024+0.020+0.016
PRL108,171802(2012) PRD79,072009(2009)

Excellent description by the Standard Model
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ecluded ares hos CL » 0495

1=
0.3

I|||||||||r11IJ,"|l.'IJ'1II

m.'ll"._!-.:'l;:mia_-:ﬂ
iin:l.._il:'-ﬂ. =045

"ll'l.illllllllI|IIII|IIII|IIII|IIII

02 -
01
I1:|1
o0 L . R | " " " | .
0.4 -0:2 0.0 0.2 0.4 0.6 0.8 1.0
Y
Generally consistent with SM, some ,tensions” exist ...
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Belle IT

A (K 7)< 0
WA: —0.098 = 0.012

500

(\]
wn
o

A (KH7) >0
WA: +0.050 &= 0.025

n-
N
=

=

300

Entries per 2 MeV/c?
o

S
T

200

should be equal at

the weak decay level

100

- QCD corrections?

5.2 5.25 5.2 5.25
Nature 452, 332 (2008) M, (GeV/c?) - New Physics?
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Tensions in the SM: Another Example

B(B — DWiy) ’ _
b <
T 0-5_| LI I L I L I L I L I L I LI I LI I_ Bq " s q
9: B Belle Combination o |
o . Babar ICHEP 2016 Preliminary ]
0.45 n LHCb — _
~ ——— World Combination - SM Value.
0.4 B SM predictl?il_ ?_39??_054410(2015) PRD85 094025 (2012) _I | epton univers aIity
0.35F @Eja“m -~ 40 away from SM
03f H { New Physics (NP) could
; 251 LH Cb _: explain the discrepancy
- fo conlour E NP should appear at

1 IIIII L1 1 1 IIIIIII!IIIIII L1 1 1
0.2 0.25 0.3 035 04 045 05 0.55 0.6 the same order as SM,

BaBar Coll.: Phys.Rev.D 88, 072012 (2013) R(D) but:
LHCb Coll.: Phys.Rev.Lett. 115, 111803 (2015), and 159901 (2015) - -
Belle Coll.: Phys.Rev. D94, 072007 (2016): Is dominated by SM
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Belle IT

rocess
Another intgresting process, | < Ve gominated
with potential for New Physics: ) i by SM
b < 4 <
B
b g+ é_, Q ¥4 N
5 Vip + Lepto-
Bt g B quark LQ
W—|—, H‘|‘ (q=-2/3)
U Vv, (2 © v,

seen at 4.6 o level:
Belle Collaboration, PRD 92, 051102 (R) (2015)

Jp < Lattice QCD
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Belle IT

Lamb shift"
in the H atom

+ ...

Precision measurements of quantum loop effects open the
window to large (~ unlimited) mass scales.
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- Example: Loops @ LEP ,,Finding” the Higgs Y
gl f f
\ / C[ / ¢>
e> < C> E e
F f f
M? ma Ar = Ar(had) + Ar(top) + Ar(Higgs)
— : r = Ar(ha r(top r(Higgs
" G2sin6, (1-Ar) Y )
~known“ from loop corrections
L.E.measurements
3G, ) .
Ar(top) = ——m; Small, but very sensitive to the
8/2 tan 0, top mass

Ar(Higgs) = 3Gpmw In mH _E Small, logarithmic sensitivity, but
82712 Z 6 “measurable” after the top mass
was known precisely
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. ,,Finding“ the Higgs <D

Belle IT

LEP fits suggested a

6 very light Higgs
Aaﬁa)d s -
. ~ —0.02761+0.00036 1
i -+ 0.02747+0.00012 (
A~ <+ incl. low Q° data —
1 ~
N%Q oo | | S fi
e
LEP 2 used to look for
> _ T ,Higgs-Strahlung*,
1 - / 1l But no signal found ...
_ .,r' o J
o |Excluded N, L4 Preliminary m, > 113 GeV
20 100 400

My, [GeV] LHC 2012: M, = 126 GeV
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New Physics with Loop Diagrams B

Belle IT

Example: NP in the decay of B mesons

0,0
B (B )_>¢KS,L

P Principle:
S
. Deviation of observables from
SM ,penguin the SM prediction signals NP
suppressed in SM
(q virtual particles in the loop

reveaistheir existence
,Quantum Loop Effects”

nl _- mS— P 9. NP=SUSY:
OB y g ; e.g

additional diagrams e.g. from

S

=Y
D

A

potentially large gluino-squark contributions
ibuti NP ,, in‘ : T
contribution from NP penguin — A, | no kinematic limit
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New Physics at the Loop Level D

(pan) :> Rare decays, e.g.

B/,

(0) (1)

5 observables to measure:
2 sides, 3 angles:
heavily over-determined

NP
Standard Model: all 5 measurements LLH< [
must give consistency with the triangle I

unexpectedly
If triangle ,does not close® =» EENEWRS\EI[6 < large” branching
fractions

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy 24




_ New Physics at the Loop Level ....

Belle IT

p &G s
=0 S P
B d‘%ﬁ

NP ,penguin®
Generic ansatz:

M=M, 1+h e%

45 TeV )
A

Rare Decays of B mesons:

B — XS’ O 10~

B— X dl+l_ O(107°

B—Xuvw 0O10°

B—1U'l" 010"

B — v O(107™)
SM pred.

Lepton flavor violation:

T — Y NP could
make these

T = Hpp decays

T — un possible

« need precision (statistics) to
V, V;j challenge the SM
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Strong Euron o tlc p1tio ;
Austria, €zech Republic; |
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http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg
http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

Strategies for High Luminosity

beam-beam parameter

(or tune shift)

e r B,N_
T 27'(-”}/_'_ O-y (O-ZE -+ O'y)
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R ¢ - reduction factors
> (geometrical)

g, .. beam spotsize
'Y
at IP

vertical beta function at IP

beam emittance
(need damping ring(s))

27



+

Two Options for High Luminosity

RF deflector
(crab cavity)

Kick ]

Kick

>

0, ~50nm
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Slg S
CIJ“O DS 5\\( ot

&i’/

head-on collision

+ Crab crossing
7

world record luminosity of
2.11 x 10%* cm=2 s1

o7

| crossing angle
!

o

[+ Crab waist focussing]

High Current Option

Extension of current KEKB design,
with much higher beam currents
(9.4 ALER, 4.1 AHER),

and crab crossing.

—> large tune shift and short
bunches required -> CSR !

v

Nano Beam Option

Proposal by P. Raimondi et al.
for the Italian Super B Factory:
Primarily reduce beam size at the IP.

—> very low emittance beams
required: damping ring

28



New superconducting
final focusing quads
integrated into detector

/

e 4GeV 36 A Bl — 3

e /GeV 2.6 A

o Target L = 8x10%%/ cmz/ S

Replace short
dipoles with longer
ones (LER)

gl
P

Redesign the lattices of HER &
LER to squeeze the emittance

systems for higher
beam current

TiN-coated beam pipe with antechambers

[NEG Pump]
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SuperKEKB Hardware almost ready ... B

Belle IT

L | e T T R s

Both rlngs have been comm|SS|oned ,Phase 1“) stll to do

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 2



The Belle |l Detector

‘J‘ | P E
+
U

Solenoid
(1.5T) \

KLM
“K_ and muon”

new PID -_ end cap:
- scinillator &
new CDC SiPM
new SVD
new PXD

~ steel plates
(flux return yoke)

(strips will not
work @1.4 cm
radius)

KLM barrel part | Final focus
RPCs & quadrupoles

scint / SiPM (inner layer) ,,inttegff:\jtetd" itntO
vertex detector
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e !!u|, |||r|
_ML:!ia fj{ =T
) = 1
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Oct. 2016
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Vertexing: Silicon Tracking System @ Belle |l

SuperKEKB: Nano beam option, 1 cm radius of beam pipe PXD*

—
O 2 layer Si pixel detector (DEPFET technology)
(R=1.4,2.2cm) monolithic sensor

thickness 75 um (1), pixel size ~50 x 50 um?2

O 4 layer Si strip detector (DSSD)

(R=38,80,115 140cm) "D

DEPFET: L : : .
Significant improvement in z-vertex resolution

thin sensor (75 pm) e e
unique worldwide o [um] \‘\\ EZZZZZI XD + SVD
50 -

-130um

20 T 15ym
0 04 08 12 16 20

ppsin(6) [GeVic] .
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DEPFET Principle B

Belle I

p-channel FET on a completely depleted bulk

Depleted p-channel FET !
invented at MPI, produced at HLL

FET gate SRy
, ! : : .
P sOurce - lc o A deep n-implant creates a potential minimum
: . |
- P drain for electrons under the gate

(“internal gate”)

Signal electrons accumulate in the internal
A gate and modulate the transistor current
\ (94 ~ 400 pAle’)

\ deel:) n_doping

Kl
”Tl'EI"nQI gg.l.er

Accumulated charge can be removed by a
clear contact (“reset”)

P back Contgct

Fully depleted + FET ==$ large signal, fast signal collection

Low capacitance,
internal amplification Transistor on only during readout:

=P |OW noise =P |OW power
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Array of DEPFETs

: gate DEPFET- matrix reset
Row wise read-out —— -
. _‘\ Off :'i_-r :’i_-r :’i_-r :’I_-r Off (H
("rolling shutter mode") I :TL 1} E o
: AT T RIS
O select row with external gate T | A 3 1 3 o i
ST TR N ) .
read current, = i
nxm
. pixel
clear internal gate, I M O 3 |on K
read current again Ik e L -
. . . z Y A 4 A 4 Y
—> the difference is the signal i R |

: v
e v v v draln v VCLEAR-CE:ZIEI':RY j

0 suppression

O readout time of entire PXD j
in 20 ps

~ =—»  Switcher

O three different auxiliary ASICs
needed,

DCD, DHP outside acceptance | —» DHP (data handling processor)
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PXD Performance (Beam Test @ DESY, April 2016) Plfa

# masked Pix

Hit map
767.5

hit maps:
Inner sensor

outer sensor’

600

550

500

430

400

350

300

250

200

150

100

50

5

50

100

150

200

2 PXD modules
with ASICs, SMDs
and Kapton, fixed
on SCB

2-6 Gev
electron
beam

1T B-field

full DAQ
(together
with 4 SVD
ladders)

Belle IT
3.51E3
3.00E3
§as0e3 e signal
n
22,003 (M|P)
61 50E3 :
§ inner
E1.00E3
2 sensor
5.00E2
DO0ED g Ty rrrr T
0.5 20 40 60 B0 98.5
Cluster charge
3.30E3
3.00E3 . I
B2.50E3 € Slgna
52.00E3 (MIP)
[*]
B1.50€3 outer
a
10083 sensor
=5 00EZ
QOOED T
0.5 20 40 60 B0 085

Cluster charge

0.99
0.98
0.97
0.96
0.95
0.94
0.93
0.92
0.91

efficiency

255.5

from SVD ,ROI%)

pixel efficiency
across the sensor
(blue: extrapolated

©
Sy
-
ok
[=]
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_‘.

Installation of the bellows and
connection of beam position

monitors

s

First real exercise with

Nothing for claustrophobics ... ,<dummy* in Nov. 2016
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Macuum
Co ction
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D

Track Triggers @ Belle Il D
The Background Problem: ® Majority of events are coming
_A Z distribution_| I from outside the interaction
e F Mean 003838 region
lﬁjoo—_ RMS 4
JOF ® These events will increase at
800~ Belle Il due to the much larger
I beam background
°00r” (Touschek effect)
400_— .
i ® Need to open trigger for NP,
200 + need to reduce trigger rate
i (reduce dead time and

data rate to DAQ systems)

40 -30 -20 -10 0 10 20 30 40
z0(cm)

® Build a level 1 ,z-vertex“ trigger
using the Belle 1l CDC:

— need resolution O(2cm)

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy 41

vertex distribution along beam
axis (from Belle experiment)



Neural Approach for a z-Vertex Trigger

10

Monte Carlo
=’ simulation
g o P
5 e L
i
input: subset of axial/stereo CDC wires, ® realziem] ¢
suitably preprocessed, using also the =0l Size of
drift time information =/ NNS:
Data (pre)processing: swof |~ 20 g y rms
- sectorize phase space in (8,9,p-) sl ]~ 60 [GeV]| [cm]
- select network by coarse 3D track finder .| . 0.9
Determine z-impact for track in given " 0.2 1'5
sector, using associated CDC wire set ; i ] ' ~

- _ _ _ _ _ 2 real - z classified [cm]
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Luminosity Development for SuperKEKB

70

Goal of Belle 1I/SuperKEKB

(ab™)

Commissioning started

Integrated luminosity
=

III'IIIIIIIIIIIIII II'IIIIII'IIIII'II'IIIIII'III IIIIIIIII

in early 2016:
10 9 months/year
20 days/month
45 0 1 | PR
x10°° g
’g _ 6 v Start Phase 2
'E :f’ 4 Start Phase 3
2§ b Phase-1
5 -
e b M |
2016 2018 2020 2022 2024
Calendar Year

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy 43



The Unitarity Triangle in the year 2025

now fﬁdt — 50 ab’

fitter |

‘ Scenario 5 N
,f I

0.45

0
=4
o
JAN
_|
o
3
040 £
©
©
i
©
e
@
o
=2
o
X
©

|< 0.35

excluded area has CL> 0.95|

0.30

| / N L

0.05 0.10 0.15 0.20 0.25 0.10 0.15 0.20 0.23

¥ v

SM verified yet another time - a nightmare ...
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0.45

fitter
} Scenario 3

0.40

2025 @ World
Average Values
p-value=10-

|<= 0.35

0.30

0.25
0.05 0.10

present tensions stay ... ...thedream! p
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- osummary and Conclusions <>

@ ,New Physics” needed to explain the observed matter-
antimatter asymmetry == new sources of CP violation

@ Present measurements of the fundamental parameters of
the CKM matrix show some ,tensions*

@ A new generation B factory, ,SuperKEKB*, with O(50) times the present
luminosity and an upgraded detector ,Belle 1I* under construction,
physics program complementary to the LHC

@ European institutions contribute with a novel pixel vertex detector
,PXD*, and the surrounding Silicon Strip Detector (,SVD"),
furthermore with an ambitious PID detector (,ARICH") and with fast
electronics for the electromagnetic calorimenter (,ECL")

@ Also strong (leading) involvement in software (Slow control, DQM,
reconstruction and computing)

@ Excellent prospects for high precision flavor physics (SM & NP,
exotic hadrons, 7 physics .... ) from 2019 onwards
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]

©

ger

Schedule of SuperKEKB ees
Calendaryear 2016 | 2017 2018 2019 .
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
: Now Summer shutdown) Summer shutdown Summer|shutdown|
1 0ct. 2016 (power saving) (power saving) (power saving)
w/ QCs
/”Schedule shmiv;lcs at last B2GM Y owD) W/l Belle N\
phase 1 weoich, phase 2 phase 3
E— I - - -
MR renovation for phase 2, including L
MR startup installation of QCS and Belle II LESR <tart VXD installation
[
/=
DR installation & startup DR commissioning

/

/ Reoptimized schedule

wfoQcs

wf QCS
wy/ Belle Il (no VXD)

phase 2

w/ full Belle I
phase 3

phase 1

w/fo Belle I

MR renovation for phase 2, including
MR startup installation of QCS and Belle I

DR installation & startup

ER start VXD installation

LER start | RS
[

DR commissioning

~

K. AKAI, SuperKEKB schedule for phase 2, Oct. 17,2016 @B2GM
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LHCDb vs SuperKEKB

Belle IT

== LHCb

large samples (but low efficiencies)

exclusive decays

B_ oscillations

B _, bottom baryons
0

Bs,d — ,U,/J,

B — JWK,
D' - K'n K"K~

== SuperKEKB

all final states measurable,
esp. those with photons, neutrinos

+ inclusive decays

rare decays, such as

B" —1l"v,B" — K"vp

b — sv,b— sl

B — J/Wo, mm, pw, pp, TTT
DD mixing

ee — T T

LHCb and SuperKEKB will run concurrently. == largely complementary
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Time-Dependent CP-Asymmetries <D

Belle IT

e.q. BY — JIWK

convoluted
with
detector
resolution

F(EO — fCP;At)

, B-tag* N\, Btag
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
At|ps] At|ps
RO 4\ __ 0 4/ 0,6 7

A, (an) = NEBD-NE.1) N
N(B",t)+ N(B",¢) § 0,2 / Sf =0 N\

N\ /0’4 At|ps
Here: no direct CP violation: A, = \ 20,6 lp ]
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New Physics & CP Violation B

Belle IT

2" -1
gelle Uuly 2006,47 cupeKEKE (5020 )
05
ACP (At) 04 r ., New Physics
— Sf SlHAmAt 03 .‘-. ) (SUSY GUT, Warped Extra Dimension,
2 String-inspired M5SM, ...)
= 02 r
e
o=
AS =8, —5,, %
m —
e
= 008
o 007 |
= 006 f
0.05
0.04
Good chances to 003 |
,see” New Physics
0.02 f
at SuperKEKB
0.01 1 sl . . '2
10 1 10 10

Integrated luminosity (ab™)
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Belle IT

New Physics and Rare Decays

B mesons: BR_5
- 10
B— X ~ O(10™ ) Upper limits
’ B ® Ty

B — ijdm— O10°° o 1A7 o J i
B — Xdyﬁ O 10_6 Els?:fe?lefane?Bsar)

T 9 006
BS — [ O(10 A A- -

10 o
SM pred- rnSUGRA+aeesauk,)

leptons: SUSY+SO(10)
-8
T — uy | NP could 10
. make these SM+seesaw
T —
HHE deca)ésl SUSY+Higgs Super
— ossible 9
T F o . 3 2 -1
10 10 10 1 10 _
. . . . -1
need precision (statistics) to > Integ. Lum.(ab™)

challenge the SM Reach of B factories
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New Physics Amplitudes

p-value
T [T T T T T T | T T T T 1.u 7 | T T T T T T T T T T
3.0 | ewciudedarea has CL>0.85 l*.x i 3.0 MM?E;MCL}U.BE
em | @, ,
2.5 _: 0.8 25
] 0.7
2.0 ]
i 0.6 20
m |
L 15 i 0.5 S 1.5
today 1 B os In 10 years
1.0 i 0.3 1.0
(1 ab?) } (50 ab)
-] 0.2
0.5 ] 0.5
- ‘ ] 0.1
ﬂ.ﬂ |t'-|||||||||||||— ﬂu 0.0 Ir|||||||||||ll
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3
hg hg

C.| (45 Tev) *
B =150 N =TV

(B) )\t 9 A ij titj
] CKM Fitter Group, arXiv:1309.2293

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy 53




Search for Dark Matter B

Belle IT

Model: Light Dark Matter, coupling to SM patrticles via light mediator A

(alternative to the standard WIMP paradigm)

e Y _
> mono-chromatic photon
n X ,missing“ energy:
6 fl,{*) . .
- _ Light Dark Matter particle x
g g X pair-produced via mediator A
e X

. _ (,hidden*, or ,dark” photon)
coupling of mediator to electrons

g = €eq. g <~N4m :
g i X Experimental challenge:

Single photon trigger (E > 1 GeV)
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]_0_3 #- Improved
; Belle II
Converted
*. Mono—phaton
-."W'E'b]
W
1074
_ Belle 1l
Low-E,
LEND
an=0.1
10_57 ] sl ol N
0.001 0.01 0.1 1 10
my [GeV]
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Potential for
Light Dark Matter search
with SuperKEKB

Parameter space for
masses > 100 MeV
largely unexplored

Single Photon Trigger is
now on the ,menu” for
the Belle Il detector



Belle IT

30 L L _|_ o
N _ e € — J/w 7
|
2200 1(4040) and (4160) seen
§ 1ok first time in channels without
LI charmed meson pairs.
0

= 425 4.2 475

Bottonia with =1
80 rrrr e 00 e e e e e

1 80}

[=1]
[=]
T

Y(55) — T(nS)r ] sl
— Z,(10610)r,

— 2, (10650)

] s0f

(Events/10 MeV/c?)
() B
= =

1 20

[ = N e |. |..l|..lu e ln. ..lul.. I. g R R A vl war oo i ] 0 M 1 ey oty = S I L e S 8 24 = H -
PDJ 102 103 10.4 105 10.6 10? 10.8 104 1{)45 105 1055 106 10.65 10.7 10.75
M(Y(1S)T) .., (GeV/c?) M(Y(28)T) ... (Gev/c?)
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DEPFET Sensor Thinning Technology

sensor wafer

I N I N .
| | | | |
handle wafer
1. implant backside 2. bond sensor wafer 3. thin sensor side 4. process DEPFETs 5. structure resist,
on sensor wafer to handle wafer to desired thickness ontop etch backside up

to oxide/implant

» Sensor wafer bonded on “handle” wafer.

» Rigid frame for handling and mechanical stiffness
» 50 um thickness achieved

» Full-sized Belle Il matrices produced

» Electrical properties tested successfully

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy
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PXD System Overview B

Belle IT

Total of 0.2% of X, 2 layers: @1.4(2.2) cm
e Pixels: 50 x 60(75) um
—250x768-| _
half | pixel AN ) Thickness:
ladder: | 75 um
768 Lo
: — clear
rows | ot | total of 8 Mpx
1‘;‘;%255;?21:':"\ \ readout: 20 ps
250 g I .
cols | I Switcher
15 x |
70 III ~ DCD ‘ DHH > || 7 Optical |—|| DAgbc:aS';si\gst?;gtion,
DCE & s
(85) " DHP SomConto V) ﬂ &\0?:: \I Optical rl| DHH Conjcrqler,
mm .@Q@Q QQ\ Trigger/Timing
ol C
S (] I JTAG 1| Slow Control
orene ] T
[
Pa;’c:WP:rnel il Power cables I| Power Supply System

total of 240 Gb/s'!
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Problem for the PXD: Injection “Noise” [¥=

Belle IT

2 bunches, 25 Hz 4 10 ps

Injected N

bunches  \ | —aA==f=—-== ="
LER 100 ns
apart < >
25 Hz revolution 20 ms
time =10 :
me HS Important mode of operation for the PXD:
’/ “Gated Mode” during 20us readout
S Belle Il
circumf. = Energy switch on CLEAR
deposition from voltage
Continuous ‘physics” for ~ 500 ns - 1us
Injection
s I Gt‘dmom
Readout | Readout without Clear
+ Clear

Noisy bunches pass PXD
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D

Phase 2 Detector: BEAST D

Belle IT

Vertex detector mounted

First nano-beam collisions during Phase 2 on the beam pipe

special background detector in the vertex regiog
with rad.hard ATLAS pixel sensors
and fast SiPM + scintll.

)

Two modules
glued end-on

Kapton soldered
wire bonding to
pads on sencor

Ladder fixed by 3D printed
suport structure, ASICs
cooled by 2-phase CO2
guided through micro-
channels in the blocks

and 4 SVD layers
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VXD (= PXD + SVD) Subprojects B

Belle IT

VXD thermal management mockup for CO2
coollng studies: orlglnal sizes and materlals

built at MPI in collaboration with
CERN / Nikhef, being lowered into its

?'final place in Tsukuba hall VXD installation into Belle (design by MPI)

Test installation at
KEK in Nov. 2016

C. Kiesling, 55. International Winter Meeting on Nucleaf Physics, January 23-27, 2017, Betmiasialy




® Solution: “Remote Vacuum Connection” (RVC),
mounted on the tip of the QCSR(L)
Inner bore of the QCS = beam pipe

@® Closing mechanism operated by gear from outside

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy
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300 um DSSD
; > :
2 : ° 1 Pitch:
S 6 6 50/160 pum (rect.)
— 6 A | MICRON
50-75/160 pm
[mAaMAMATSU] -
|||||||||||||.|||||||||||||||||||||| (Wedge)
-30 -20 -10 O 10 20 30 40
[cm]
Layer # Rect. Rect. Wedge
Ladders Sensors Sensors Sensors
[50pum] [75um]
6 17 0 68 17 850
5 14 0 42 14 560
4 10 0 20 10 300
3 8 16 0 0 192
Sum: 49 16 130 41 1902
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=Chip on Sensor: The Origami Concept (SVD)

MU

zylon rib 3-layer kapton hybrid
« Thinned readout chips (APV25) i
on sensor v ssimmm——
APV25 cooling pipe

e Strips of bottom side are
connected by flex fanouts
wrapped around the edge < DSSD

. . integrated fanout
« All readout chips are aligned (or: second metal)
—> single cooling pipe

» Shortest possible connections
—> high signal-to-noise ratio

<« single-layer flex —

wrapped to p-side

only layers 4-6
(rect. sensors)

Total material budget: 0.6% X,
(cf. 0.48% for conventional readout)

cooling pipe zylon rib

APV25 T
side view (thinned to 100um) A '

:,,: a O v " <« Kapton
%

< Rohacell
[ M I T e e I I N I e N ‘\ DSS D
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New Central Drift Chamber (CDC)

Belle Belle-Il
Radius of inner boundary (mm) 77 160
Radius of outer boundary (mm) 880 1096
Radius of inner most sense wire (mm) 88 1068
Radius of outer most sense wire (mm) 863 1082
Number of layers 50 58
Number of total sense wires 8400 15104
Effective radius of dE/dx measurement (mm) 752 028
Gas He-C,H, He-C,Hq
Diameter of sense wire (um) 30 30

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy
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D

New Central Drift Chamber (CDC) <>

Belle I

— 250 mm —>

normal cell; 13.3 x 16 mm?

small cell: 5.4 x 5.0 mm? 1200 mm dE/dx: 4.8%
for 56 layers

Belle-l|

/ small cells, longer lever arm _

v

*

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

-----
. L

.....
Tiainel

S 250 mim =—»

z-coordinate via standard stereo wire arrangement, charge division planned
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Goal: Linear-array type z ./\'Iax

photon detector

30 K/pi separation (barrel)
40 K/pi separation up to 4 GeV

(end caps) TOP: time of propagation
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1= Baseline Design for Barrel PID (TOP)

charged particle TOP =
FGC cherenkovangle Time of Propagation

backward-going I_ 7
T\/
Smm
————> z-component of unit velocity [T
2cm
< 40cm >
& MCP-PMT

Ring imaging with :
— One coordinate with a few mm precision
— Time-of-arrival

| > Excellent time resolution < ~40pS
required for single photon in 1.5T B field
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Proximity focusing RICH with silica aerogel as
Cherenkov radiator for new Belle forward PID

X lowindex  high index Readout
> \ \ / S eaaou

< \ electronics

v

L 5% Sh 5% 5°¢

first Crings  Aerogel radiator Position sensitive PD
from cosmics In the B field of 1.5Tesla

200mm

A

[
»
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Events

400

200

(d
N - B — py
£ B Py £ e
g 150 ;K 2 150 difficult because

of dominating
K*fy
(Background

from K's
misident. as T11's)
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'Fls Calorimeter Upgrade (ECL)

 |Increase of dark current due to neutron flux

« Fake clusters & pile-up noise Pileup Reduction:

~ 2
B Barrel: = | Barrel
500 ns shaping + 2MHz w.f. sampling. |
rad. hard crystals with short decay time (e.qg. /
pure Csl) + photopentodes 0.5 -g_,__;__,_,.f----' "
30ns shaping + 43MHz w.f. sampling
%0 s 10 15 20 25
barrel bacground (rel. units)
s 4 .
= | BW endcap
3t
Lo M xus
4  £ADC: 16 samples 5 10 15 w0 s

BWD bacground (rel. units)
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e Upgrade of KLM (Endcaps)

 Two independent (x and y) layers in one superlayer made of
orthogonal scintillator strips with WLS read out

* Photo-detector: avalanche photodiode in Geiger mode (SIPM)
o ~120 strips in one 90° sector

(max L=280cm, w=25mm) 7 y;;“ep
« ~30000 read out channels P N
° I > 0 ;
Geometrical acceptance > 99% Iron plate = x-strip
- plane
N
M W\ Optical glue "ﬂ?/ﬂ_z
Scintillator: Kurary Y1 frame
polysteren G
+1.5%PTP + 0.01%POPOP _
SIPM, e.q.
: Hamamatsu
676 pixels (20x20um?
P ( Hm°) 1.3x1.3 mm?
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DEPFET-Collab. @ Belle Il <

(MU
Original Collaboration: DEPFET pixel detector @ ILC (since 2002)
now: design, deliver and operate the PXD for Belle Il

IHEP Beijing, China (Z.A. Liu)

Charles University, Prague, Czech Rep. (Z. Dolezal) DEPFET@Belle Il
DESY Hamburg (C. Niebuhr)

University of Bonn (J. Dingfelder) Management:
University of Hamburg (C. Hagner) '
University of Heidelberg (P. Fischer) _

University of Giessen (W. Kiihn) ° Project Leader
University of Géttingen (A. Frey) C. Kiesling (MPI)
KIT Karlsruhe (T. Mdiller, I. Peric)

University of Mainz (C. Sfienti) o Technical Coord.
MPG Semiconductor Laboratory, Munich (J. Ninkovic) L. Andricek (HLL)
Ludw.-Max.-University, Munich (T. Kuhr)

MPI fqr Phys!cs, Munlch (_H.-G. Moser) o IB- Board

Technical University, Munich (S. Paul, A.Knoll) : :

Struct. Biol.Research Center, KEK (S. Wakatsuki) Chair: J. Dingfelder (Bonn)
IFJ PAN, Krakow, Poland (M. Rozanska)

University of Barcelona, Spain (A. Dieguez) o ,Liaison” with Belle Il
CNM, Barcelona, Spain (E. Cabruja) Shuji Tanaka (KEK)
IFCA Santander, Spain (l. Vila)

IFIC, Valencia, Spain (J. Fuster)

University of Tabuk, Saudi Arabia (R. Ayad) )
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Beampipe ' CO2
support 7.”

channel
(in/out)

air channels
(in only)

design: MPI

manufactured in Belgium
module fixed by screw
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Sisystems essential A\ .

-~ 'to measure-the

s = »Slow pion®, important.
decay vertices | |

for flavor tagging

C. Kiesling, 55. International Winter Meeting on Nuclear Physics, January 23-27, 2017, Bormio, Italy 76



	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Nano-Beam Option for SuperKEKB
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Foliennummer 47
	Foliennummer 48
	Foliennummer 49
	Foliennummer 50
	Foliennummer 51
	Foliennummer 52
	Foliennummer 53
	Foliennummer 54
	Foliennummer 55
	Foliennummer 56
	Foliennummer 57
	Foliennummer 58
	Foliennummer 59
	Foliennummer 60
	Foliennummer 61
	Foliennummer 62
	Foliennummer 63
	Foliennummer 64
	Foliennummer 65
	Foliennummer 66
	Foliennummer 67
	Foliennummer 68
	Foliennummer 69
	Foliennummer 70
	Foliennummer 71
	Foliennummer 72
	Foliennummer 73
	Foliennummer 74
	Foliennummer 75
	Foliennummer 76

