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New Physics at the Loop Level ....

mpengums Rare Decays of B mesons:
S
O(10™
# 2 B — Xs,d/y

« — 5 s » B — Xdyﬁ O 10_6}

SM NP B -1 0107

NP in CPV asymmetries: SM pred.
leptons:

B — JJWK, <+ B — ¢K,

T — WY A NP could
Principle: make these
T B decays
Deviation of observable from T — Un possible

/

the SM prediction signals NP

virtual particles in the loop —» A need precision (statistics) to
reveal their existence challenge the SM
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LHCb vs Super Flavor Factories

== LHCb =}= Super B Factories

large samples (but low efficiencies) generally more final states
esp. with photons, missing energy

B oscillations rare decays, such as
S —
B - l"'v,B" — K"'vp

B , bottom baryons b— s7,b — ST
¢ ’

Bg L inclusive processes
B — JJYK, B — J/y¢, 7, pm, pp, T
D' - K'n K"K D’ D" mixing

LHCb and Super B Fact. will run concurrently. == largely complementary
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Energy reach of the Super Flavor Factories

No flavor structure for NP: A, > 100 —1000 TeV NP flavor problem*

Look for FCNC processes (highly suppressed in SM): ~2 OoM increase

Assumption on NP flavor sector !
Minimal Flavor Violation (MFV) 107

Orel

Measure, e.g., the decay rates:

B’ — X"l (inclusive)

B’ _, K%t~  (exclusive) "

0.01 1
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Upgrade Program for LHCb

LHCb Detector riev

—— S a(bb) ~ 250ub
Tracking Station: p for lower Tracking Stations:

energy tracks and long lived || p of charged particles that (reduction fact.
Ve reconstruction traverse the dipole magnet | . of 0.5 only

T . o M3 W r.t. 14 TeV)

Interaction sm! —

i [/ ECAL
EoeE | N

Muon System

1em =19 ps

<>
VELO:
primary vertex | ! h W e . Lo
impact parameter ‘ 20m .
displaced vertex RICH: s aan
p, K, m discrimination Systems:

PID: h, e, y, 7°

C. Kiesling, Rencontres de Blois, Chateau de Blois, Juli 15-20, 2010



LHCb Trigger & DAQ System

Forward spectrometer: huge particle flux even at
deliberately reduced lumi @LHCDb (operate @ 2x1032)

How to survive @ LHC design luminosities:

Example: B, — D, K (MC simulation) 800

G, =33%1fs
G, =67%3 fs (31%)

o(t) ~40 fs

'Double Gaussian fit

MC

400 -

200 -

| e} 1 1 L - Ll il I b y—"

| —900 =200 =100 0] 100 200 300

feec— Lo [TS]

Decay time resolution = 40 fs

Trigger on impact parameter

Measurement of decay distance (and then proper decay time)
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LHCb Trigger & DAQ System Upgrade

LHC luminosity upgrade
Large transverse planned (2015-2016):

40 MHz

l l’ l energy and
momentum in 10 X Lyeq
agn
Level-0 . . . calorimeter and
muon systems

e 8 " a Bottlenecks@2x1033:
Associate Level-0

HiTi ECAL  Had.  Muon signalg with track_s, 1MHz readout rate,

Alley Alley Alley especially those in long latency (2.5us)
VELO displaced from
30 kHz Global reconstruction Primary Vertex Ambitious Solution:
lnclusi_ve selections: Full detector info _
HLT2 tomlo'cg’_':;(";" 2% available for inclusive  increase R/O to 40MHz,
be : and exclusive S/W trigger @ 30MHz
) selections on CPU farm
Z

Replace VELO & essentially the entire F/E electronics
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Strategies for High Luminosity @ Super BF’s

N+N_f
L = R basic formula for the (instantaneous) luminosity

R ¢ : reduction factors
> (geometrical)

o " beam spot size

T
er,| O J| He, at IP
vertical beta function at IP

beam-beam parameter
(or tune shift)
Pl BN

27T’Y+ \O‘x (O‘x + O'y)

N
-

Syt =

/

beam emittance
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SuperB Project Status

Toward green light

* The project is the first “flagship project” of the
new national research plan

* The project has been mentioned as a
reciprocity condition in a russian italian
agreement on ignitor (nuclear fusion)

* A formal commitment with INFN for the
project with the declaration of some available
budget in the current year 1s expected

. . _ Foil from
* This commitment will set the start of the recent
project presentation

by M. Giorgi
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SuperBelle

New IR

4 GeV

New beam pipe
& bellows

Upgrade of Energy exchange
superconducting ¢band > 2 f"‘\‘
cavities ﬁ‘

Tunnel already exists. &2 ’

Positron source

Most of the components <

(magnets, klystrons,etc)
will be re-used.

[NEG Pump]

[SR Channel]

o [Beam Channel]

Goal: reach > 8 x 103° cm—2s1
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Comparison of Options

KEKB  KEKB Achieved  -VPerKEKB superKEKD
Desien (): with crab High-Current Nano-Beam
8 ' Option Option
* 6.5/5.9
B,” (mm)(LER/HER) 10/10 5.9/5.9) 3/6 0.21/0.37
g, (nm) 18/18 18/24(15) 24/18 2.8/1.6
G, (um) 1.9 1.1 (0.84) 0.85/0.73 0.070/0.052
0.108/0.056
ﬁy 0.052 (0.101/0.096) 0.3/0.51 0.07/0.07
o, (mm) 4 ~7 5(LER)/3(HER) 6
1.8/1.45
lpear (A) 2.6/1.1 e 9.4/4.1 3.70/2.13
N 5000 1387 (1585) 5000 2778
Luminosity 1 1.76 (2.11) 53 80

(103* cm™ s1)

High Current Option includes crab crossing and travelling focus.
Nano-Beam Option does not include crab waist yet

Nano-opt
chosen .



Major Machine Components to Upgrade

New ante-chamber beam pipes for both rings

— 3km x 2 in total

— Al/Cu for LER/HER

— Mitigation techniques for suppression of electron cloud
New IR optics

— New superconducting/permanent magnets around IP
— Optimization of the compensation solenoid

Additional normal magnets to reduce emittance
— Replace dipoles & change the wiggler layout for LER

New HER arc lattice
More precise magnet setting < power supplies

Rearrangement of existing ARES cavities with additional
power sources

New positron damping ring and new positron target
New RF gun for electrons with reduced emittance

C. Kiesling, Rencontres de Blois, Chateau de Blois, Juli 15-20, 2010
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Integrated Luminosity (/ab)

50

Expected Luminosity Development

1.2 /ab/month
(8 x103° /Icm?/s)
Physics
Program
Evaluation 0.9 /ab/month

(6 x103° /cm?/s)

0.6 /ab/month
4 x10%° [cm?/s)

2020 72025

2015
Year

|

Shutdown Learning
for Upgrade Curve
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Funding Situation of the Machine

KEKB upgrade plan has been approved

June 23, 2010 High Energy Accelerator Research Organization (KEK)

The MEXT, the Japanese Ministry that supervises KEK, has announced that it
will appropriate a budget of 100 oku-yen (approx $110M) over the next three
years starting this Japanese fiscal year (JFY2010) for the high performance
upgrade program of KEKB. This is part of the measures taken under the new
“Very Advanced Research Support Program” of the Japanese government.

“We are delighted to hear this news,” says Masanori Yamauchi, former
spokesperson for the Belle experiment and currently a deputy director of the
Institute of Particle and Nuclear Studies of KEK. “This three- year upgrade plan
allows the Belle experiment to study the physics from decays of heavy flavor
particles with an unprecedented precision. It means that KEK in Japan is
launching a renewed research program in search for new physics by using a
technique which is complementary to what is employed at LHC at CERN.”
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Detector for SuperKEKB: Belle-l|

Ther backarotnc KLM (K, p“ barrel)
! . ) KLM
— \ > _ (endc.)
© e» ECL \[\X\x A iaM (ggm itz ECL
) | L (Csl) 4GeV e
‘backward (Csl) \ CDC PID g,g ) +—
W 1" |
Be | |e I I ,,fOrward“

Belle 4 ——

| e —— L f)|—

CDC: small cell, long lever arm =—— readout and
ACC+TOF -> TOP+A-RICH

ECL: waveform sampling, pure Csl for end-caps
KLM: RPC -> Scintillator +SiPM (end-caps)

high speed
computing systems




Silicon Tracking System @ Belle-li <2

Nano beam option: 1 cm radius of beam pipe «
o ,PXD

O 2 layer Si pixel detector (DEPFET technology)
(R=1.4,2.2 cm) monolithic sensor
thickness 75 um (!), pixel size ~50 x 50 ym?

O 4 layer Si strip detector (DSSD) __
(R=3.8, 8.0, 11.5, 14.0 cm)

VD"

Significant improvement in z-vertex resolution

SVD o [um] |

b
_|_
» pAsin®? o

IIIIIIIIII|III|III|III|II[III

Belle Il

a =8.5|pm] T .

| b=9.6[umGeV] 0 04 08 12 16 20
“~— 4.4 cm — pfsin(6) [GeVic]

30um
AT sum




Conclusions

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

® A new generation of B factories planned to search for NP,
complementary to the LHC program. LHCb plans for trigger upgrade

@ At KEK (Japan), the SuperKEKB project is well under way:
Strong contribution from Europe (pixel vertex detector)
Initial funding by Japanes Gorvernment of 100 M$ granted:

—=p Green Light" for SuperKEKB

@ Plan to have machine and detector ready for data taking by early 2014

@ SuperB Project in Frascati under discussion using ,nano beams”
(this scheme was also adopted by SuperKEKB)
initial funding not yet secured

@ Excellent prospects for flavor physics during the LHC era
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Backup
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D

DEPFET Principle =

p-channel FET on a completely depleted bulk Depleted p-channel FET
am |ifi6r
A deep n-implant creates a potential minimum _~ "fTaae ) %
p, SOUrCe gate

for electrons under the gate
(“internal gate”)

N clear

P drain

‘._

v
(/

deep n"dOp]ng
|

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

Accumulated charge can be removed by a

clear contact (“reset”) ﬁesp_lzred
=21 bulk

7.
|nferng| gate’

P bClC'( COﬁ’rqcf

Fully depleted:
=P |arge signal, fast signal collection Transistor on only during readout:
low power
Low capacitance, internal
amplification ==p low noise Complete clear == no reset noise
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D

Array of DEPFETs R
. gate DEPFET- matrix reset
Row wise read-out e QT QT QT i e
" e " e L pL ) A o
("rolling shutter™) -_:4 Adig 2 \:_-
. e St it ) /
o select row with external gate -_4\+ 1 0 O B A=, Puii
—e r r ot ) ‘0—
read current, = =
clear DEPFET, 1 I
TN RNl
read current again et [y L R
\L & VIDRAINV A 4 A 4 &
. . . TE, OFF d : VCLEAR -
-> the difference is the signal v zsugm;am VI Vs

O only one row active = low power

consumption

o two different auxiliary ASICs — Switcher

needed

— DCD (drain current digitizer)

~
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Thinning Technology
sensor wafer
I N I N e
| | | | |
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 produced

= Samples of 10x1.3 cm? & frame of 1 & 3 mm width
» Electrical properties ok (diodes)
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Support and Cooling Structure: Mockup {B

C. Kiesling, Rencontres de Blois, Chateau de Blois, Juli 15-20, 2010



D
o

Belle I

O  Kapton cable (from DHP to DHH)
cannot be longer than ~ 20-30 cm

T =) O need location for the DHH in
'"?‘I | - o low radiation area (FPGASs)

Clear SW

O need to design patch pannel
(signal transmission Kapton -> TWP)

X
\
- -~
A /
/
“
N

\

DHH DAQ
v Opt. .
Power Supplies / DAQ Trl g g e r,
< < Timimg
Data
Power, PS
. Contro| | !
Slow control
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New Tracking System for Belle-lI S

v

‘ f : A U c"/ / A 4 ,-1’_/ {/ -
| Belle-ll |
|

CDC
SVD PXD(2 layers)

570
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New Central Drift Chamber (CDC) <2
Belle Belle-ll
Radius of inner boundary (mm) 77 160
Radius of outer boundary (mm) 880 1096
Radius of inner most sense wire (mm) 88 168
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,Hg He-C,Hg4
Diameter of sense wire (um) 30 30
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D

New Central Drift Chamber (CDC) o

Belle I

«— 250 mm —»

normal cell: 13.3 x 16 mm?

small cell: 5.4 x 5.0 mm?2 1200 mm dE/dx: 4.8%
for 56 layers

v

Belle-ll

/ small cells, longer lever arm .

.
. .
0000000000000000
..........
-----------
......
.....

-
AR
-.'.'...'..
.

R A

— 250 mm —»

z-coordinate via standard stereo wire arrangement, charge division planned

C. Kiesling, Rencontres de Blois, Chateau de Blois, Juli 15-20, 2010 30



New Si System for Belle-ll : SuperSVD

Belle I

- layers 300 um DSSD
- 6—4 g z-: g
1of 5——% 5 5 Pitch
N 4—rg 4 . ,/ itch:
| : ~~~~~ T TR ‘ 50/160 um (rect.)
—1 [ el MIICRON }

‘ HAMAMATSU I e : 50-75/160 um
T T e | T (wedge)
-30 -20 -10 O 10 20 30

Rect. Rect. Wedge
Ladders Sensors Sensors Sensors
[50pm] [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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D
Chip on Sensor: The Origami Concept (SVD)

zylon rib 3-layer kapton hybrid
* Thinned readout chips (APV25) l
on sensor APV25 L oooling pipe

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

] i 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

APV25 zylon rib T
side view (thinned to 100pm) S
. e . o
<— Rohacell

I e T T N T e N I I I M i ‘\ DSSD
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SVD Mechanics and Material Budget o

Belle I

Sandwich Design

35 I
3 _
g 25 - i » : : i
s L Batman” distribution |
5 . / of pipe and coolant
o 7
T :
05 - |_| -
I I I I I
00 10 20 30 40 50 60

Profile [mm]

APV Kapton

T

Rohacell

Coolant




Upgrade: Particle Identification 5L

Belle I

o TC\)P ARICH .

|
\ ! AN
LI EY EAN L g 8010 AT
NN NTTTTT]T17777777779
XA I“‘.‘ 1‘ \l | |‘ / “f‘ ‘;r‘ ‘_,»-f / /, / '_‘//r / / .
s L L Lo f A A L A AR

‘ AR 'f.

\hXK\h\

y

v

e : 7 GeV et : 4 GeV

backward _ forward

uartz radiator
Goal: Linear-array type Z)KX Q

photon detector

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

(end caps) TOP: time of propagation
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D

Baseline Design for Barrel PID (TOP) <

Belle I

charged particle TOP =

/—9(: cherenkowangle Time of Propagation
/tons'

backward-going I_ g :
T_ﬁ?
/ smm \
——> z-component of unit velocity T
ZCmI
¢ 40cm g
U 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

low index  high index
— Readout
lectronics
oM L ©
\(O\J Q‘(\O )
conet®
)
)
L —]
= -
W
)
U
. Aerogel racialor Position sensitive PD
x-y view of forward end-cap In the B field of 1.5Tesla
200mm >

A
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Events

400

200

150

100

50

PID Improvement in Belle-li

b

Present Belle PID

300
: P’y £ -
I H g 8 KO'\{ g L
w i
200 |
0 0 100 F
B" — py
:_ . . I 1
0.4 0.2 0 0.2 0.4
AE
(d)
- ) F7
0 - "4.14"&4///. ALY [
-0.4 -0.2 0 0.2 0.4
AE
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Belle Il PID ¢ ¢
P’y o
ok KO“{ Y
2
Br(B —pv) |V,
Br(B — K *”y) Vis
A boooea oo
04 -02 0 0.2 O'JAE (~ 1/4())
B — py
ﬂy difficult because
of dominating
E S
K v
(Background
ol from K's
0.4 0.2 0 0.2 0.4 . ‘
AE Misident. as 1's)
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D

Calorimeter Upgrade (ECL) <&

 |ncrease of dark current due to neutron flux

- Fake clusters & pile-up noise Pileup Reduction:

o~ 2
m Barrel: = | Barrel
500 ns shaping + 2MHz w.f. sampling. G50 et
® Endcap: L g x115
rad. hard crystals with short decay time (e.g.
pure Csl) + photopentodes 0.5 ‘-
30ns shaping + 43MHz w.f. sampling
00 | ‘5 | 1.0 | 1I5 | 210 ‘ 25
barrel bacground (rel. units)
_ B P
pabse < | BW endcap
\ ) #
Y - © i
>/ ) ) x1/5

> FADC: 16 samples 0 § 10 15 20 25
BWD bacground (rel. units)
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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)
« ~120 strips in one 90° sector |
(max L=280cm, w=25mm)

« ~30000 read out channels
« Geometrical acceptance > 99% Iron plate

B y-strip
) plane

.
= x-strip
plane

Wis fibre AlUMINUM
Kurary Y1 frame

Oy
51 €e

b OtOdetectOr

Scintillator:
polysteren
+1.5%PTP + 0.01%POPOP

SiPM, e.g.
Hamamatsu
1.3x1.3 mm?

C. Kiesling, Rencontres de Blois, Chateau de Blois, Juli 15-20, 2010 39

676 pixels (20x20um?)



