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Outline

» Physics:
discovery potential of a SuperB factory.

» Accelerator:
the innovative scheme of SuperB.

» Detector:
general overview of the detector;
vertex detector specifications.

» Status of the project:

project approved and funded. Plans for organization,
construction and running.
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Physics
Physics Progress Report [arXi1v:1008.1541]
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T Lepton Flavor Violation (LFV)

» V mixing leads to a low level of charged LFV (B~10—>%).

Enhancements to observable levels are possible with new physics.

» e~ beam polarization helps suppress background.
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» Example: BT s 1y b |
o ffo +
» Rate modified by presence of H (H* W)
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» Example: B — K" uw

Need 75ab~! to observe this mode.

e.g. see Altmannshofer, Buras, & Straub JHEP04(2009)022

B, 4 physics: Rare Decays

SuperB

With more than 75ab~! we could measure polarization.
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Sensitive to models with Z penguins
and RH currents.

IIIIITIITT1

- Constraint on

lYIlITITT]I‘IIIlIITIYTTTIIIIIITYTT

(€, n) with 75ab~!

P TR S S S S SR S |

0 0.5

ﬂ\bd lllllllllllllllllllllllllllllllllllllllllllllllll

5 2 25
(Experimental uncertainties)

24 May 201 |



A

7°N\

INFN SuperB

C . | -4
B, physics

» Can cleanly measure Asq using Y(5S) data )
I B(B; — B, — X {*tv;) — B(Bs — By — X {Tu) _1 — |q/p|

SL B(Bs; — B, — X {tuyy) —I—B(ES — By — X {tuyy) _1 + |C]/p|4

o(A%;) ~ 0.004 with a few ab™!
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» SuperB can also study rare decays with many neutral particles,
such as Bs — 77, which can be enhanced by SUSY.
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» Collect data at threshold and at the Y(45).
Benefit charm mixing and CPV measurements.
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Also useful for measuring the Unitarity Triangle angle Y (strong
phase in D> Krmm Dalitz plot).
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Precision Electroweak

» sin20,,, can be measured with polarized e~ beam

differential cross-section in efe-—f*f- events

V's=Y(4S) is theoretically clean, c.f. b-fragmentation at Z pole
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Perform the measurement also at the Y(3770)
peak, with polarized beams.
Plot adapted from QWeak proposal (JLAB E02-020)
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Interplay
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» Combine measurements to elucidate structure of new physics.

Observable/mode H™ MFV| non-MFV NP Right-handed |LTH SUSY

high tan 8 Z penguins| currents AC |RVV2|AKM |dLL |FBMSSM
T — Wy Xkk| xkk | *x  [kxk| *Kkxk
T — LU * % %
B — Ty, pv * % x(CKM)
B — KWty . * * * - . . - .
S in B — K%n% * % %
S in other penguin modes * % x(CKM) * % * *x x| Kk * |kKkk|  Kkxk
Acp(B — Xsv) * % * Jok * * x |xkx|  xKkx
BR(B — Xsv) * % * * *
BR(B — X £f) * * *
B — K™t (FB Asym) * * *x |kxkk| kKK
Bs — pp Xkok| kkk | kxk [*xk| KKk
Bs from By — J/¢¢ xkk| kkx | *xkx| * *
Qsi * * *
Charm mixing xx x| x * * *
CPV in Charm *ok * * %

v'= SuperB can measure this

* %% signals large effects, %9 visible
but small effects and % implies that the given model does
not predict sizable effects in that observable.

Nicola Neri - SuperB: Physics, Accelerator and Detector
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Precision CKM constraints

» Unitarity Triangle Angles

o(x) = 1-2°
a(B) = 0.1°
o(y) = 1-2°
» CKM Matrix Elements
Vol

Inclusive 0 = 2%

Exclusive 0 = 3%
|Vcb|

Inclusive 0= 1%

Exclusive 0 = 1%

|V

us]
Can be measured precisely using T decays

|Vl and [V

ol

can be measured at/near charm threshold.

SuperB

The "dream" scenario with 75ab-!
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» SuperB Measures the sides and angles of the Unitarity Triangle
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Golden Measurements: General
Experiment: - No Result Moderate Precision - Precise- Very Precise

Theory: Moderately clean - Clean Need lattice - Clean

Observable/mode ICurrent (now)ILHCb (2017)|SuperB (2021)|LHCb upgrade (20307) Itheoryl
7 Decays
oy —] —]
T — ey Benefit from polarized e~ beam

B, 4 Decays

B — Ty, pv

B — K™%y

S in B — K%7%

S in other penguin modes
Acp(B — X.7)

very precise with improved detector

Statistically limited: Angular analysis with >75ab-!
Right handed currents

SuperB measures many more modes
systematic error is main challenge

BR(B — X.v) control systematic error with data

BR(B — X.t0)

BR(B — K™“) SuperB measures e mode well, LHCb does |
B: Decays

By — pp

Bs from Bs — J /Yo
B: — vy

Qs

D Decays

mixing parameters
CPV

Clean NP search

Precision EW

sin? Oy at 7'(45)

' Theoretically clean 24 May 2011
sin® Oy at Z-pole

b fragmentation limits interpretation
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Physics program in a nutshell

» Versatile flavor physics experiment

Probe new physics observables in wide range of decays.

Pattern of deviation from Standard Model can be used to identify structure
of new physics.

Clean experimental environment means clean signals in many modes.

Polarized e~ beam benefit for precision electroweak measurements and
for T LFV searches.

Best capability for precision CKM constraints of any existing/
proposed experiment.

Measure angles and sides of the Unitarity triangle

Measure other CKM matrix elements at threshold and using T data.
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A new generation collider

» SuperB is a second generation flavor factory aiming for a luminosity of
1036 cm2s-! =1 kHz/nb

» The two orders of magnitudes luminosity gain with respect to the
first generation B factories is obtained increasing the density of the

bunches at the interaction point (IP) by demagnifying their vertical
size to ~30 nm

» To reach this goal the amplitude of the betatron oscillations must be
kept at minimum

optimal ring lattice design to minimize the radial emittance

precise magnets alignment and machine tuning to minimize the emittance
coupling

. . —_— O-Z . 3 .
large Piwinsky angle,® = —tanc and crab waist collision scheme to
x
overcome the beam-beam luminosity limit
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L/Path to hight luminosity

NT N~
E NfCOll 47_[0,x0,y

= 10°cm 257!

A. Numerator _J (Currents) 1+2 A _710+20 A

» Wall plug power (Electric monthly bill)~ proportional to current,
Longitudinal Fast Instability: limit ~ 5 103%/cm?s

B. Denominator \ (bunch size)

PEP-II 100 x 3 um? Y\ SuperB 100 um x 30 nm

» How to squeeze the vertical bunch size to 30 nm ?
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CROSS SECTION

ANGULAR DIVERGENCE @ IP

E [\ ITTANCE (CHARACTERISTIC OF THE RING)

Bunch shape at the IP » PEP-II emittance = 1.5nm x Rad
- Angular divergence ~ 50 mRad = 50 micron / mm
Bunch collision length should be ~ 2 um

OTR monitor, ODR monitor

North Straight

» ATF state of the art emittance = 2pm x Rad

ATF Damping Rin, . .
s s Angular divergence ~ 67 microRad =67 nm / mm

» SuperB emittance ~_Spm x Rad
Angular divergence ~ 166 microRad =166 nm / mm
Bunch collision length ~ 0.6 mm

Nicola Neri - SuperB: Physics, Accelerator and Detector 24 May 201 |
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Large crossing angle collision scheme

B is the amplitude of
the betatron oscillation

Collision length ~ 0.3 mm
2 O'x/ﬁ
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Crab Waist Transform ~

zmm) gy
S0 e

Crab Waist technique benefits:

» maximize geometrical overlap of beams;
» reduction of vertical tune shift;

» suppression of vertical synchrobetatron resonances.
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Machine parameters

Machine
Circumference
Frequency turn

# bunch

Frequency collision
Full crossing angle
Energy

Energy ratio

Bx

By

coupling

Radial emittance £x
Vertical emittance gy
Bunch length
Current

# particles/bunch
Hor. size @ IP ox
Ver. size @ IP oy
Piwinsky angle
Horizontal tune shift
Vertical tune shift
Luminosity

21

Units

m
Hz

MHz
Rad
GeV

cm
pm
%
nm
pm
cm
A
1010
Hm
nm

%
%
10°6 Hz/cm?

HER LER
Super B
1258.4
2.38E+05
978
233
0.066
6.7 4.18
1.60
2.6 3.2
253 205
0.25 0.25
2.07 2.37
5.18 5.93
0.5 0.5
1.89 2.44
5.08 6.56
7.34 8.71
36.2 34.9
22.50 18.95
0.21 0.33
9.89 9.55
1.02

HER LER
PEP I
2200

1.36E+05
1732
236
0.000
9.0 3.1
2.90
35 40
9000 10800
0.24 0.45
95 33

1300 1500

1.15 1.25

2.07 3.21

5.49 8.52

43.87 36.33

3421 4025

0.00 0.00

0.012
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SuperB

HER LER
Super KEKB
3016.3
9.95E+04
2500
249
0.083
7 4
1.75
2.4 3.2
410 270
0.35 0.40
2.4 3.1
8.4 12.4
0.5 0.6
2.6 3.62
6.55 9.13
7.75 10.62
59.0 59.0
26.79 23.46
0.28 0.28
8.75 9.00
0.80
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Machine layout

o, SIS —————

= SN
~7 e0mradIR
%" LERSR LER SR
/ Lattice Systems
* Two Arcs

/ - Provide the necessary bending to close the ring.
- Optimized to generate the design horizontal emittance.
- Correct arc chromaticity and sextupole aberrations,
* Interaction Region
- Provides the necessary focusing for required small beam size at IF
Ii - Corrects FF chromaticity and sextupole aberrations.
] - Provides the neceassary oplics conditions for Crab cavities.
i * Dogleg
- Provides crossing on the opposite to IR side of the ring.
\ * LER Spin Rotator
. - Includes solencids in matched sections adjacent to the IR.
Y * RF system
- Up 1o 24 HER and 12 LER cavities in the long straight section
N opposite to IP.

] Dogleg
S RF 140 mrad

22 Nicola Neri - SuperB: Physics, Accelerator and Detector
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=~ Length ~ 1258 m

\
N
LER \“\1 HER

arc \ arc
b
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Synchrotron light properties @ SuperB

» Comparison of brightness and flux from bending magnets and undulators for
different energies dedicated SL sources & SuperB HER and LER

» Synchrotron light properties from dipoles are competitive
» Assumed undulators characteristics as NSLS-II

» Light properties from undulators still better than most LS, slightly worst than
PEP-X (last generation project)

o Spectral Brightness Bend Magnet
10 T T g T T v 5 Spectral Brightness for Undulators from Various Rings for the first five harmonics.
NSLSII : 107 e T PEPX 7
i  SuwperBLER -
APS 1021 : . B
ALS : : = S
< 10" ESRF : ' , _ NSLS I 5
K ELETTRA : B T \
£ ——— PETRA Il _ B g 107 ; s — ] 4
£ v i g s SERIREY LN PETRA llI ’¢ : 2
£ 10 i : : AT E ‘ ;‘\ 3
2 ; { B e § - : | : \ M ELETTRA
2 @ 10" : . v | sk 3
& . 2 E : ) |
= 1 - [ i
g 107 & = F Soleil ‘ |
2 g H b
@ & .0 !
] s 107 E
o = {4
2 10® S
2 g
2 = L
@ » 18| | ——— NSLSII
8 g 10°E 3
2 1014 L 2 F SuperB LER
5 S SuperB HER
= =
@ @ b APS
e 10" H PEPX
10 g Soleil
= — Spring8
] : [| —— PETRA 1l :
1012 iqioiigiil H Paiqil H HI | F RS H i 10" r= 13 2 = Sk + ’l‘;
10" 107 10° 10° 10° 10° 19 19
photon energy [eV] photon energy [eV]
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Detector
Detector Progress Report [arXi1v:1007.4241]
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Super.

8 Detector (with options)

7°\
superB
e/

REV02.,7
19-APR-2010
DEWAR 2:38pm
' MAGNET
Backward Forward
side HORSE COLLAR N Ap— side
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2 [ | |
L i dr iy e T o e il et o,
. . !
\\ DIRC PMT SHIELD
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— _% 0 mm
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R&D and Engineering Summary -
Sys R&D Engineering
SVT Layer O thin pixels Silicon strip layers
Low mass mechanical support Readout architecture
DCH High speed waveform digitizing CF mechanical structure
Cluster counting Gas speed, cell size
Barrel PID | Photon detection for quartz bars Standoff box replacement
Forw PID |Time of flight option Mechanical integration
Focusing RICH option Electronics
EMC LYSO characterization Readout electronics
Light detection, Other crystals Forward EMC mechanical
Prototype Module Test support
[FR SiPM performance Location of photo-detectors
Prototype Module Test Absorber thickness definition
ETD High speed data link Trigger strategy
Radiation hard devices Bhabha rejection
Nicola Neri - SuperB: Physics, Accelerator and Detector 24 May 201 |
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Detector options

transition radius

6 Layer SVT LO Striplets @ ~1.5 cm if background is acceptable
as default. MAPS Option. Retain 5 Layer outer
detector.

SVT — DCH ~> than 20 cm determined by beam element

cryostats to allow easy installation

Backward EMC

Inexpensive Veto device bringing 8-10% sensitivity
improvements for B—»>tv. Low momentum PID via
TOF? Technical Issues?

Forward PID

Physics gains about 5% in B—>K)vv. Somewhat larger
gains for higher multiplicities
Open technical options/interactions with EMC

Absorber in IFR

Optimized layout. Plan to reuse yoke. Still need to
resolve engineering questions.

27
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SuperB

Geometry
Selection
Task Force

Decision 2011
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SVT design and FEE specifications
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The SuperB Silicon Vertex Tracker (SVT)

» SVT provide precise tracking and vertex reconstruction, crucial for time
dependent measurements, and perform stand-alone tracking for low p, particles.

Keviar/carbon-fiber support rib S Oetectors

) Based on BaBar SVT: 5 layers silicon Carbon:ber enchiece I
strip modules + LayerO at small radius to N
improve vertex resolution and compensate . R o2 S
the reduced SuperB boost w.r.t PEPII auocor com I e

old beam pip&— 30" Smm—— 0y new beam pipe
% Layer0
30 cm 40 cm

Cooling rir

S per event error vs Lo efficiency for B’ - q)K‘:3

§ 46_— .................................................................................... e —
AP I S — — E st miaptmt |-
g : i S :::Bwnhoulm .
R T T o }Physms performance and back. levels set
» 4:_ ................. . ........ . . . .................... ..................... ..................... ..................... Strll’lgent I'equu'ements on Layero,
385-— ................. . ....... L. ‘ ....... - . ....... . ......... ..................... ..................... R~1.5 cm, material budget < 1% XO,, ,
36 5_ """"""""""" . """" . """"""""" ’ """" s . """" . """"" """"""""""" ' hit resolution 10-15 um in both coordinates
L e Track rate > SMHz/cm? (with large cluster
3.2 5._ ..................... ..................... ..................... ........ ... . ................... ..................... tOO!), Total Integrated Dose > SMRad/yr
RYSERRIN AU SO S S . S T
| | | i Loy | |

:i 1 1 1 1 1 1 i 1 1 1 i 1 1 1 1 1 1 i 1 1 i 1 1 1 i
-0.2 0 0.2 0.4 0.6 0.8 1 1.2
L, hit efficiency
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=, Striplets option: mature technology, not so robust
. against background occupancy.

Marginal with back. track rate higher than ~ 5 MHz/cm?
FE chip development & engineering of module design needed

» Hybrid Pixel option: viable, although marginal.
Reduction of total material needed!

FE chip with 50x50 pm? pitch & fast readout (hit rate |00MHz/cm2) under
.' l“ development = FE prototype chip (4k pixel, ST 130 nm) successfully tested
with pixel sensor matrix connected.

» CMOS MAPS option: new & challenging technology.
Sensor & readout in 50 pym thick chip!
gt Extensive R&D (SLIM5-Collaboration) on

: Deep N-well devices 50x50um? with in-pixel sparsification.

- .

Fast readout architecture with target hit rate 100MHz/cm2 & 100 ns timestamping
developed..

CMOS MAPS (4k pixels) successfully tested with beams.

Wafer
bonding &

» Thin pixels with Vertical Integration: reduction of [Seaica ™
material and improved performance. p—

Two options are being pursued (VIPIX-Collaboration)
DNW MAPS with 2 tiers
Hybrid Pixel: FE chip with 2 tiers + high resistivity sensor

Nicola Neri - SuperB: Physics, Accelerator and Detector 24 May 201 |
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_ SuperB SVT Layer O technology options Suers

[ >(Striplets option: mature technology, not so robust h
against background occupancy. . .
. Marginal with back. track rate higher than ~ 5 MHz/cm? Basehne SOIUtIOn
\ FE chip development & engineering of module design needed )
~

v

é . . . . .
Hybrid Pixel option: viable, although marginal.
Reduction of total material needed!

FE chip with 50x50 pm? pitch & fast readout (hit rate |00MHz/cm2) under
development = FE prototype chip (4k pixel, ST 130 nm) successfully tested
— with pixel sensor matrix connected.

- !

v

CMOS MAPS option: new & challenging technology.

Sensor & readout in 50 pym thick chip! R&D for upgrade

Extensive R&D (SLIM5-Collaboration) on

Deep N-well devices 50x50um? with in-pixel sparsification. See S. Zucca talk

Fast readout architecture with target hit rate 100MHz/cm2 & 100 ns timestamping
developed..

CMOS MAPS (4k pixels) successfully tested with beams.

A L A

Thin pixels with Vertical Integration: reduction of
material and improved performance.

Two options are being pursued (VIPIX-Collaboration)
DNW MAPS with 2 tiers
Hybrid Pixel: FE chip with 2 tiers + high resistivity sensor )
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The SVT layout
61.8l i
5 1 € >
1422 A S
L4 vis 4457 epo~ 052
|222 _________________________ < --.-"-""""-"""""-"---I_T_____:_4_'_::_:_:_::_-_:_:? ______________
Su Bu=30°
o, ...6.00
L3 38.276 M >
— 5.92 P -
) » SVT baseline: LO + L1-L5
—— 402 D 25992 ___. > (300 um) strip detectors,
L] 21.466 +300 mrad angular
- 3.32 —_— coverage in Lab frame;
» additional Lo required for
10.345 maintaining adequate
LO - 160 proper time resolution
. . for BY time-dependent
P c notice: not in scale measurements.
v— 0.0

Symmetric coverage down to 300 mrad FW and BW
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Readout chip for strip modules

» Design of new readout chip(s) for striplets/strip detector is
needed since existent chips do not match all the requirements:

» Analog info is needed for: dE/dx (with high dynamic range required for low
pr tracks >10 MIPs), position resolution, hit time resolution.

» Very high rates in inner layers due to background:

» L1-L3: 700-300 KHz/strip up to 2 MHz/striplet in LayerO (safety factor x5
included)

» Short shaping time needed to minimize inefficiency due to overlapping hits.
LO: 25 ns, L1-L3: 50-100ns.

» Long shaping time needed for long module in L4-L5 to reduce noise
contribution: 0.5 — 1 us give reasonable S/N with acceptable inefficiency
(rates 25-50 KHz/strip)

» Probably need to develop 2 different chips: one for LO/L1-L2-
L3 and one for L4-L5.
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Readout chip general requirements

» Trigger

frequency: 150 kHz (1.5 Safety Factor) <-- several
implication in readout chip design (number of output lines,
fast ouput clock).

jitter: 100 ns (the goal is to go down to 30 ns)

latency: 10 us (1.7 Safety Factor; Level 1 design is 6 us)
» DAQ window: 100-300 ns
» Time stamping: 30 MHz (5-40 MHz)
» Chip readout clock: 50 MHz

» Within the SuperB — SVT group we started to evaluate if the
readout architecture developed for LayerO pixels could be adapted
for strip readout, but contribution in this area is very welcome!
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Future Activities

» A lot of activities: new groups are welcome!
» Potential contributions in several areas:
Development of readout chips
Detector design, fabrication and tests
Simulation & reconstruction

» Groups now working for the SVT:

Italy: Bologna, Milano, Pavia, Pisa, Romalll, Torino, Trento,
Trieste

UK: OM, RAL

» Expression of interest from Strasbourg & other UK
groups.

» Contacts: Giuliana Rizzo (Pisa)
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Status of the Project
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SuperB Status b

» SuperB inserted in April 2010 among the Italian National
Research Program(PNR) Flagship Projects

» Cooperation of INFN and IIT (Italian Institute of Technology): HEP
experiment and light source

» In december 2010 first funding of 19M€ as first part of a
pluriennal funding plan

» Internal to Ministry of Research

» In april 2011 approval of the PNR, including 250M€ for
SuperB.

» Press release at: http://www.istruzione.it/web/ministero/cs19041 1
» PNR at: http://www.istruzione.it/web/ricerca/pnr
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Funding and Management

» MoUs for TDR work in place with Canada,
France, UK, Russia and SLAC.

» Negotiation with partner countries for
construction MoUs started
» Expect that

» Important in-kind contribute by the re-use of parts of
PEP-II and Babar, for a value of about 135M€

» For the accelerator and infrastructure most funding will
be Italian

» For the detector only half of the needed funding will
come from Italy (about 25M€)

» The project will be managed through a European
Research Infrastructure Consortium (ERIC)
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&M SuperB Parameters

Base Line Low Emittance High Current Tau-charm L E R
Parameter Units HER | LER | HER | LER HER LER HER LER
(&) (&) (&) () (e=) (e-) (eH) (e) 3 B arc

LUMINOSITY m’s! 1.00E+36 1.00E+36 1.00E+36 1.00E+35 =T i -
Euersy Gev | 67 | 218 | 67 | #18 | &7 | 28 | 2: | 1 P HER ™
Circumference m 12584 12584 12584 12384 s arc N
X-Angle (full) mrad 66 66 66 &6 ya ) N\
B. @ IP cm 26 32 26 32 5.06 6.22 6.76 832 /,/,' -
B, aIP n 0.0253 | 0.0205 | 0.0179 | 0.0145 | 0.0202 | 00237 | 00658 | 0.0533 "

Coupling (full current) G 025 025 025 025 0.5 05 0.25 0.25

Emittance x (with IBS) nm 200 246 1.00 123 2.00 246 5.0 64 =

Emittance y pm 5 6.15 25 3075 10 123 13 16 ) f

Bunch length (full current) mm 5 5 5 5 44 42 5 5 'l RF 'HE R Energy:
Beam current mA 1892 2447 1460 1888 3094 4000 13635 1766 i 7 G eV

Buckets distance & 2 2 1 1 1 ¢

Tou gap te 2 2 2 2

RF frequency MHz 476 476 476 276, .

Revolution frequency MHz 0.238 0238 0.238 0.238 k ‘

Harmonic pember r 1998 1998 1998 1908 i ;POI arization &

Number of bunches & 978 78 1956 1956 ' / 2 O.5m

N. Particle/bunch (10'%) & sog | 656 | 302 | sos [ 413 536 a3 | 237 || 80 % fOI' e- IR
O, effective Hm 16522 | 16530 | 16522 | 16530 | 14560 | 14578 | 166.12 | 166.67 | |" ]

o, aIP pm 0.036 | 0036 | 0021 | 0021 0.054 | 00254 0.092 0.002 B

Piwinska angle rad 2288 | 1860 | 3236 | 2630 1443 174 8.80 7.15 i o
¥, effective pm 23335 233.35 20534 23333 LER Energy.
b pm 0.050 0.030 0.076 0.131 2 GeV

Hourglass reduction factor 0.950 0.950 0.950 0.950 :

Tune shift x 0.0021 | 0.0033 | 0.0017 | 0.0025 | 0.004= | 00067 | 0.0052 | 0.0080

Tune shift ¥ 0.097 | 0.097 | 0.0891 | 0.0802 | 0.068+ | 00687 | 0.0809 | 0.0010

Longitudinal damping time msec 134 203 134 203 134 203 268 4046

Energy Loss/turn MeV 211 0.865 211 0.865 211 0.8635 04 0.17

Momentum compaction (107 436 405 436 403 436 205 435 4.05 '\

Energy spread (10) (full current) dEE 6§43 734 6§43 734 643 7.34 6.43 734 W 7
CM emergy spread (10) dEE 50 50 50 50 N LER
Total lifetime mn | 423 | 42 | 05 | 3 708 | 773 | us | es g arc

Total RF Wall Plug Power MW 1638 1237 2883 281 - ~ = H E R

SUPERS COLLIDER PROGRESS REPORT
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Next steps and timeline

» Choose the site asap! Foreseen end of next week
» The preferred site is Tor Vergata close to LNF

» Complete the Technical Design Report
» End of 2011/Mid 2012

» Prepare the transition from TDR Phase to
Construction

» Collaboration will start formally forming in Elba meeting,
May 2011 (next week)

» Start recruitment for the construction: mainly
Accelerator Physicists and Engineers

» Completion of construction foreseen end of 2015
» First collisions mid 2016
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Backup slides
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Golden Measurements: CKM
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» Comparison of relative benefits of SuperB (75 ab™') vs.
existing measurements and LHCb (5 fb-!) and the LHCb
upgrade (50 fb!).

Q

B from b — ccs
By — J/¢n°
B, — J/YKs

Y
|Vus| inclusive

|Vus| exclusive

|Ves| inclusive

|Vep| exclusive

Experiment

Observable/mode |Current (now) |LHCb (2017) [SuperB (2021) |[LHCb upgrade (2030?) | Theory

: - No Result

Theory:

LHCb can only use prm

B theory error B,
B theory error B,

Need an e*e™ environment
to do a precision
measurement using semi-
leptonic B decays.

Moderate Precision - Precise - Very Precise
Moderately clean - Clean Need lattice - Clean

Nicola Neri - SuperB: Physics, Accelerator and Detector
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! SuperB is designed with 80% Soper

longitudinal polarization for e

» Polarization allows:

» Precision Measurement in ElectroVVeak sector

» EDMandg-2inT.

» BKG reduction for LFVin T.

» Polarized beams provide measurements of sin’0y(eff) with
comparable precision to SLD but at much lower energies.

» Polarization allows for NC Z-bb coupling measurement with
better precision and different systematic w.r.t. LEP measurement

Of AFBb .
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Differential Cross sections in e'e—ff

Asymmetries at Z-pole for measured O

Diagrams ¢ (nb) App A g (Pol = 100%) o
=
2 1.01 0.0028 -0.00051 _oL—or 1
2+ AR = R TP
R (@ —oph—(op—op)r _1
(op + o)L+ (oF + op)r (|Pel)

. . at LEP: 15M hadronic Z decays, unpolarized
Interference term is ~ga"gv at SLC: 0.5M hadronic Z decays, polarized e
at SuperB: Z-term ~30M, polarized e

O‘(S|n29eff) 1.8 x 10
icfr SLC 0 (sin?0er)=2.6 x 104
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Expected stat. error: O(ALr) = 4.6 x 10¢
relative stat. error 1.1% (80% polarization).
Systematics <O 5% on polarization needed

ALg x gi, o< (T — 2Q; sin Heff)
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(- Electroweak measurement @ SuperB

App = SECCR _ 18 (Cec) (L5) P

o(P)+o(—P) — /2

e Measurable for all B B and B+ B~ final states, both
resonant and confinuum.

e All QCD corrections included in the single form factor that
cancels in the asymmetry.

 \ery clean measurement, no large theoretical corrections
(in progress...)

ul il ! . . ” = [ Excellent opportunity to measure gy & sin? 6y ]
0 (GeW at SuperB with polarized beams!!
| | |
-0.3 - The L-R luminosity asymmetry has to be very
well controlled. Possibly done using
monitoring
'§'32' o sweserer | ysing Bhabhas
2 Polarization should be measured better than .
-0.341 1
SM luminosity dependent polarization affects
systematic uncertainties
7777777777777777777777777777777777777777777777 036|683 955995 %CL
-0.54 -0.52 -0.5 -0.48

and Detector 24 May 201 |
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[s this measurement also possible with Charm?

1. @Y(4S) . But hadronization correction.

2. Operate at a ccbar vector resonance above open charm
threshold ¥ (3770), use the same analysis method as for b.

Polarization at low energies with high luminosity is needed

That is included in the SuperB design
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Luminosity

L= f /d3x dt p1(x, 1) - p2(x, )0 = 10%%cm s~ = 1kHz/nb

e f.is the bunch collision frequency
e p;(x,t) is the particle spatial density at time f and point x of the beam i
® 0. is the relative speed of the two bunches

Under the assumption of gaussian rigid bunches each one having N; particles:
pi(x,t) = pi(x F p2t) = N;G(x ; u = £p2t;0;)

The density superposition integral can be evaluated algebraically. For head
on collisions:

NN,

E=Jeons, 5,

Z‘x,y = 01 X,y D UZx,y;

N.B.: in this assumption ¢ is constant (which is not the case in real life)
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» CMOS DNW MAPS with data push sparsified
readout + timestamp tested with beams:

resolution of 14 um (digital output)
hit efficiency up to 92 %

erif & spars logic

T y ‘iT‘uih]mpT\q‘m‘.“‘\mmpo\ NS

LRI

T

APSELA4D (ST 130 nm)

» HYBRID PIXEL: front-end chip with 50x50 um pitch & SN ~ 20, P ~ 30 pWich

fast readout architecture tested with sensor matrix
Optimized for hit rate |I00MHz/cm2 on full chip size (~1.3 cm?2)

VHDL simulation: Effi > 98% @ 60 MHz RDclock
Timestamp granularity 0.2-5.0 us

e p_|x) Response to a Sr90 source (e-) threshold@1/4 MIP (60c noise )
bump-bonded to sensor matrix
SIN ~ 200, P ~ 2.5 uWi/ch > good quality of the interconnection @ 50x50 um? pitch & working sensor!!
|.||-|- RATE source shifted to the rlght
pixels_not O P - '
o= working
\ 2= pixel not
E : connected to O
|25 the sensor

M

W

1O
| O
1O

due to known problem on the FE chip
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Next R&D on pixel for LayerO

» Improvements in MAPS performance being pursued with:

INMAPS CMOS process with quadruple well + high resistivity substrate: higher charge
collection efficiency & rad hardness = design of first prototypes ongoing

3D MAPS with 2 CMOS tiers interconnected:: higher cce efficiency, more complex in-pixel
logic, reduce cross-talk = first chips under test, testbeam in Sep. 201 |

» Improved readout architecture developed for pixel with Vertical Integration
TimeStamp is latched in each pixel when fired & readout is time ordered.
Timestamp granularity 100 ns
Readout could work in data push mode & triggered mode
VHDL results for I00MHz/cm?2 hit rate: Effi_triggered=98.2%, Effi_data_push=99.9%

New submission of large 3D MAPS and FE chip for Hybrid pixel (2-tiers), with the
improved readout architecture, in preparation for mid 201 |

» Vertical interconnection of FE chip (2-tiers) with high resistivity pixel matrix (best
technology under investigation) will give the best performance: high S/N and
radiation hardness, low power and material budget

Nicola Neri - SuperB: Physics, Accelerator and Detector 24 May 201 |
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L/Light pixel module support & cooling

» Light support with integrated cooling needed for pixel module: P~2W/cm?
» Carbon Fiber support with microchannel for coolant fluid developed in Pisa:
Total support/cooling material = 0.28 % X, full module, 0.15% X, net module

» Thermo-hydraulic measurements in TFD Lab: results within specs

Full Module
X= 0.28% XO

Net Module
X=0.15% X
Net module, Sensor Temperature 0.15% X,
Power on Single Side !
73.00 74,50
&
~ 4 —A 62,20
§ ' =0 60,80 61.00
N m—_8-50:40
§\ W 48.90 49.00
s = 5 '§ M - — :37 " —& 39,20
Full module supports 30,0 YT 34.90 : :
F

Toghefher‘ Module length (%)

Nicola Neri - SuEerB: Physics, Accelerator and Detectc
Wicm2 =—#=—2\W/cm2 =2 5\\/cm2

with microchannels glued 20,0
0% 25% 50% 75% 100% X

——1W/cm2 —i—1,



