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KEKB Accelerator
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Crab Cavities

« 22 mrad crossing angle between beams

« Rotate bunches to have
head-on collisions

Head-on
Collision

Thomas Kuhr LHCb Workshop, 23.03.2017 Page 5



KEKB Performance

Crab Crossmq
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World Record Luminosity

= 2.1 ¢ 10k m'zs1
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B Factory
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Production of B Mesons

Hadron- | B Factory:
Collider: 4 4 R ete-
PP, pp

Strong interaction Electromagnetic interaction

of quarks/gluons in hadrons: of elementary particles:

v High rate v Known kinematics

v Production of all kinds of v BB events from Y(4S) decays
b hadrons in fragmentation without background tracks




B° Reconstruction

Gaussian

| ARGUS function
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Continuum Suppression

ete™ — T(4S) — BB ete” - qq (q¢€ {U.,d,S,C})

« Fox-Wolfram moments:
H =Z%, p|Ip]| Plcos 6,), P: Legendre pol.

Arbitrary Units

e Cleo cones
« B momentum/thrust direction

« Vertex separation Az i we




Measurement of CP Violation

 Golden Mode: B? = J/y K°

ol

> Time dependent asymmetry measurement:

I(B"—>f)-T(B "= f) _ .
(1) = Fpr— T —55111(Amt)




Measurement of time-dep. CP Violation

> Flavor of initial state, time of decay

= m(Y(4S))= 10.58 GeV, 2 x m(B) = 10.56 GeV
> p(B) = 300 MeV
> B mesons almost at rest in center of mass system (CMS)

> B meson flight distance in CMS too small for a
time measurement




Measurement of time-dep. CP Violation

> Asymmetric beam energies

> Entanglement

« Decay of one B meson
at time Ciag in flavor eigenstate Q - tagging

Tl's K+

« Other B meson is at time t__ in flavor eigenstate Q

 Time measurement: At =t -t = Az/CBy




Flavor Tagging

> Only opposite side tagging
(no fragmentation)

v All remaining particles
are from the tag B meson

« Leptons, high momentum particles, kaons, Lambdas,
slow pions (from DY)

> Tagging power: eD? = 30%, D = 1-2w, w: wrong tag fraction




Observation of CP Violation

PRL 108,171802 (2012

2 400 f
2 350}
~ 300}
7] -
T 250}
g i
& 200
150}
100}
50 et
ok " |

M. B
A 0
i B

0
Q
ol
o
~
0
e
c
(<)
>
Ll

Asymmetry
o O O
N Ao
Asymmetry

- i . .
" ..I L e
-
+|

5 b
BN
AL B B B

o ¢
=2)
T

2
2

772 x 10° BB

0 0
Nsig(BY,,; At) 4+ Ngig( B, At)

>

Observation of
mixing-induced CP
violation in B? system

v Confirmation of KM

mechanism of &P
INn the Standard Model




Full Reconstruction

BT — D07r+
\V (— Kn nwtn™)
4 B~ — 17(— evp)v

L L
B*.')f\v':\\‘&:‘tj‘_:_{ > D 7z
S\

NN

e Full reconstruction of one w_
. . \V
hadronically decaying B meson

> Momentum and charge of signhal B meson known
> All remaining particles belong to signal B meson
> Reconstruction of decays with neutrinos
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« Rare FCNC decay without long range effects
(= no direct CPV)

 Theoretically reliable SM prediction:
BR(B+ — K+VV) — (40 + 05) X 10_6 Buras et al.,
BR(B? - K®vv) = (9.2 £:1.0) x 10° JHEP 1502, 184 (2015)

> Sensitive to new physics

<|
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Search for New Invisible Particles

« Same experimental signature of B » K®vv and
B - K% + invisible particles (S)

xn) L
5 15}

> Can be = T
distinguished £ :
from Kvv 10k

. ~x< _

If new 1 _

. +

particles ) j
have mass = St

. X Z

> Requires < _

measurement — 0

0.4 0.6 0.8
g/m2 JHEP 0904, 022

of g2 = m?(vv)




Analysis Technique

« Reconstruction of hadron

+ other B meson

« hadronic or semileptonic or
inclusive tag

> nothing else in the
detector

> No further energy
INn the calorimeter

EECL’ Eextra = sum

of clusters energies
not assigned to
hadron or tag B

©C a N WP O~N OO
I 1

« extrapolation with MC

FSM
Fx20
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Signal:
Fregion:
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B - K%vv Results

limit on £ @ 90% CL
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Full Event Interpretation

« Huge number

of B meson - |
decay modes

> Hierarchical = JU°
reconstruction

> Multivariate [
classifiers :
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Belle Il: Aim For 50 ab-!

Peak Luminosity Trends (e'e” collider)
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Accelerator Design: Nano Beam Scheme

Invented by Pantaleo Raimondi for SuperB

Beam-Beam parameter *
Lorentz factor P E’V = \/(By /gy)
Beam current

\ Geometrical
[ \

* reduction factors
G, I g 1 ,/IQ\ (crossing angle,
L — ’}/i 1 | ':; - w}i : L :— hourglass effect)
2er,{ O, B,. R:

I

Vertical beta function at IP
Beam aspect ratioat IP

E(GeV) | BYy(mm) | PB*(cm) ¢ | (A) L (cm?s)
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/12 | 2.1x10%
SuperKEKB 40/7.0 | 027/030 | 3.2/25 41.5 3.6/26 | 80x10%




SuperKEKB Upgrade

B New superconducting
elle )
e /permanent final
New IR focusing quads
near the IP

/. New beam pipe
‘4 & bellows

TiN-coated beam pipe
with antechambers

[NEG Pump]

Replace short dipoles with
longer ones (LER)
Low emittance

- #WH%FN%HH%- -
positrons to inject

A oo g N
Ve &

Low emittance gun

Low emittance
electrons to inject

[SR Channel]

Add / m0d|fy RF [Beam Channel]

systems for higher

beam current Redesign the lattices of HER &
LER to squeeze the emittance

Positron source

[ T
New positron target / .
capture section
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Belle Il Detector Challenges

Belle @ Belle @ _
~ KEKB SuperKEKB -

> Higher background - radiation damage, occupancy
> Higher event rate - trigger, DAQ, computing

« Low momentum particle reconstruction and ID, hermeticity

> Detector has to be upgraded for SuperKEKB conditions
to achieve equal or better performance than at KEKB




Belle Il Detector Compared with Belle
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Belle || Detector |
TDR: arXiv:1011.0352

K, and muon detector:
Resistive Plate Counter (barrel)

-—-'— M itor + WLSF + MPPC (end-caps)

-t

;,

EM Calorimeter:
CsI(TIl), waveform

MAN
P | + f \
ure Csl + wavefor \\\\\\

entification
pagation counter (barrel)
Ing Aerogel RICH (fwd)

electrons T——
(7GeV)

Beryllium beam pipe
2cm diameter /
///

///////
Vertex Detect / ////

2 layers DEPFET + Mg
4 layers DSSD

Muon

' positrons detector

(4GeV)
Magnet

A
=~
Z

Central Drift Chamber ‘
He(50%):C.Hs(50%), small cells,
long lever arm, fast electronics

. Muon
Velocity

detector

Thomas Kuhr

Track?ng Calorimeter



Beryllium beam pipe 3
r=1.0cm /

L £
Impact parameter resolution z0 |

2 layers DEPFET &

ertex ‘{ 3 : - %
Vertex DetectGr//) \\\

-
[=]
w

10% |—x

r=1.4and 2.2 cm \.\ \\\ Balla
Significant = _\‘-\_‘H
improvement B
in vertex o Bellell —~r———r
reSO|ut|On — I0.5I — 1 — ‘1.5| - ‘2| - I2.5I I I Isg
pB*sin(6)** [GeV/c]
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Silicon Strip Detector

2

g
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120
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elle Il

@ 535MBB

Vertex Detect

4 layers DSSD
r=3.8-14.0cm

Improvement
in 8S(K my)
because of

larger K,

acceptance
(by ~30%)

10° 1 10 .
L(ab™)
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Drift Chamber

— 250 mm =—»

— ) 50 mim —

Reduced dead
time because of
new electronics

1-2 s - 200 ns g

e

Better momentum
resolution because

Central Drift Chamber of larger outer radius

He(50%):C2He(50%), small cells,

£ 4
Ea '

long lever arm, fast electronics

Op, /ptf = /(0.2%p¢)? + (0.3%/3)?

Thomas Kuhr LHCb Workshop, 23.03.2017
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Barrel Particle ID

Side view of crystal

crystal

charged particle
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Endcap Particle Identification

//

\\
‘cap Pa'rrticle Identification
_ focus@'ng Aerogel RICH

HE: ?fﬂ “’“‘%q;: 90%
gua_{ i 5 : ? A
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EM Calorimeter

— Better signal to
background separation
because of
wave form sampling
and pure Csl in endcaps

EM Calorimeter:
CsI(TIl), waveform
Pure Csl + wavefor

||

\\\\\\

ﬁiil u old
time sampling |
'F‘\h ‘ D 1 B + + +
"l' \“ 1 + + + + +

\ | ¢ ¢ 4 ¢

L]

\ | 0.5 - ¢ : * o ¢ ¢ Lew

: T t | 0 . 1 . 1 .
k trigger 130 140 150 160
O (degrees)
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K, and Muon Detector

K, and muon detector:

1
— h " Resistive Plate Counter (barrel)
- ntillator + WLSF + MPPC (end-caps)
\ _

| E

Replacement of
RPCs in endcaps and

}'! inner barrel layers with
s - scintillators to tolerate

. high background rates

Scintillator:

polysteren
+1.5%PTP + 0.01%POPOP

Thomas Kuhr LHCb Workshop, 23.03.2017 Page 36



Belle |l Collaboration
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BEAST Il: Background Measurements
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SuperKEKB First Turns

EXPERIENCE.UNMATCHED UHV,
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REGISTER NOW CERN COURIER

Mar 18, 2016
‘First turns’ for SuperKEKB

Register as a member of
cerncourier.com and get full
access to all features of the site.

Registration is free. ©On 10 February, the SuperKEKB 2
electron-positron collider in i e
Tsukuba, Japan, succeeded in gm_ _?:E‘:‘}:;'""
LATEST CERN COURIER circulating and storing a positron {E_w

ARTICLES beam moving close to the speed of

AT DL

» Sommaire en francais

» CMS updates its search for
diphoton resonances

light through 1000 magnets in a
narrow tube around the 3 km
circumference of its main ring. And
on 26 February, it succeeded in circulating and storing an

mlmrtran himarm arcaond dbe rima Af mooanade dn bha smoeai b

T T T T T T
e B o 150 e 20
vk (i

Signals from CLAWS

» World's most precise
measurements and search for
the
cal

Press Release

First turns and successful storage of beams in the SuperKEKB electron and

positron rings

Vierzigmal mehr Kollisionen

09. March 2016
Der Elektron-Positron-Beschleuniger SuperKEKB in Japan ist in Betrieb.

Am Forschungszentrum KEK in Tsukuba, Japan, hat der neue Elektron-
Positron-Beschleuniger SuperkEKB nach fiinfjdhriger Aufbauphase seinen
Betrieb aufgenommen. Am 10. Februar kreisten erstmals Positronen im
Beschleunigerring; gut zwei Wochen spéter — am 26. Februar — gelang es,
Elektronen in umgekehrer Richtung fir mehr als hundert Umlaufe zu
speichern. In Zukunft sollen Elektronen und Positronen etwa vierzigmal
haufiger kollidieren als an bisherigen Anlagen (KEKB in Japan und PEP-Il in
den USA) und dabei kurzlebige B-Mesonen und ihre Antiteilchen erzeugen.
~Zusammen mit dem Detektor Belle 1l ist das eine Super-B-Mesonenfabrik”™,
freut sich Sdren Lange (Uni Gielten) als Sprecher der deutschen Sektion und
Mitglied im Belle Il Executive Board.

—

enstrahlen ist bei SuperKEKB so gewahit,
ti-B-Mesonen entstehen, sobald ein

rt. Die Hochenergiephysiker wollen damit
sich die Zerfallseigenschaften der
nterscheiden. Diese Verletzung der
'echselwirkung wurde im B-Mesonen-

d LHCb becbachtet. Belle Il soll einen
CP-Verletzung jenseits des

ferletzung suchen. .Gegeniber dem

1 wir den Vorteil, dass wir die Kinematik und
izustands genau kennen”, sagt Séren

it Belle Il auch Zerfille vollstiandig

March 2hd, 2016 & auftreten, die der Detektor gar nicht

L~ A

High Energy Accelerator Research Organization (KEK)



SuperKEKB / Belle Il Schedule

Calendar year 2016 2017 2018 2019
T —
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
| Now Summer t::utd own) Summer shutdown Summe r"s.h utdown
1Oct. 2016 ;fpower saving) (power SFvinsi (power saving)
A Reoptimized schedule i wi full Belle 1
phase ] 0. phase 2 phase 3

MR renovation for phase 2, including

MR startup installation of QCS and Belle Il ER Start \ D installation
S LER start e

DR commissioning

DR installytion & startup

T o l‘|'l l\ lr l T T L T L T T L -
1000 J

R ey MN1000 o
- Results of vacuum scrubbing LER (e+)
< :E‘ j Beam Dose
E < 800 {800 HER (e-)
~ - Beam Dose
T ™~ 600 - 0
e 2 ] Target: 550 [Ah]
30 o 400
3 § 200} :290
8 _ |
ok e 0
0"0"0° 3/1 4/1 5/1 6/1

— 2/1/2016

4
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L 4
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Search for New CP Violating Phases
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Search for Right-Handed Currents

v
0
o Jfﬁ .. KgT ¥YScpvs Crp iiite
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B _ _K | Average
d < d | -
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> SM: —
Sep = 2 (M/M,) sin(29,)
> Values up to 0.7 sin(2¢.)
possible in left-right /

symmetric NP models 2 i ° 04 °s.
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Direct £P In B = KTt

Sum rule:
Ap(K+n™) + Ap (K°r)
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ﬂE‘:Elalrrl:l
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T v IIIEF’I.*S—I_.IH‘EH ///
: € 005 | | 005 010615 020 025 030 yox-
= = TR Y I
£3] 3
o E o8 -
5§ = 50 abt
- AA(Kn9): 0.15 B AA(KO%): 0.042




Search for Multiple Higgs Bosons
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More New Physics Searches

Lepton flavor violation
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B(t = uy) 90% CL upper limit [10-°]:

Luminosity (ab’)
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CP violation in D® mixing
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Precision of |g/p|:

0.16 (~0.5 ab*) —» 0.05 (50 ab)

Thomas Kuhr

LHCb Workshop, 23.03.2017
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> Absolute B, BRs, Spectroscopy (Zb discovery)

Thomas Kuhr LHCb Workshop, 23.03.2017 Page 46



Summary

Ubservable Expected th. | Expected exp. Facility
ACCUTACY uncertainty
CEKM matrix
|Vis| [ — mér] e 0.1% K factory
Via| [B — Xefv] *e 1% Belle 11
Vo] [By — wi] . 4% Belle 11
sin(2d ) [cEKY v 8-10-* Belle 1I/LHCb
P2 1.5° Belle 11
i i 3° LHCh
CPV
5(B. = vd) = 0.01 LHChH
S(B, — d¢) i 0.05 LHCh
S(Bg — oK) i 005 Belle II/LHCh
S(Bs - n'K) Sk 0.02 elle 11
8(B; = K*(— K22%)) wkk 0.03 Belle 11
S(B; — ¢7)) s 0.05 LHChH
S(Bg — pv)) 0.15 Belle 11
A, o 0.001 LHCh
AL, ok 0.001 LHCh
App(By— s7) ‘ 0.005 Belle II
rare d[‘.ﬁ.'-!!.}'l":
B(B — 1) s 3% le IT
B(B — Drv) A% eIl
B(By — ) v 6% elle 11
B(B, — up) xR 10%, LHCb
zero of App(B — K*up) il 0.05 LHCh
B(B - K'"w) i 0% elle 11
B(B — s7v) 4% Belle 11
B(B, — ¥7) 0.25-10~% Jelle IT (with 5 ab—!)
B(K — mv) = 10% K -factory
B(K — emv)/B(K — p7mv) - 0.1% K factory
charm and 7
Bl — 1) = 3.10 7 o 11
lafsln wx 0.03 elle TI
arg(q/plp g 15" Jelle 11

ete- - Y(4S) —» BB

v
v
v

2>

2>

em. interact.: ~1 nb
Boost By = 0.4

Known kinematics

No background tracks
Good neutrals rec.
Full event interpret.
Decays with neutrals
Inclusive decay rates
Absolute BRs

Charm, 1, Y(55),
spectroscopy

1I13idori, Nir, Perez

Page 47

Ann.Rev.Nucl.Part.Sci 60, 355 (2010)
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