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Two Paths to New Physics
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Why flavour physics

B 1.Explore the origin of CP violation

. — Key element for understanding the matter content of our
present universe

— Established in the B meson in 2001

— Direct CPV established in B mesons in 2004

2.Precisely measure parameters of the standard model ,

— For example the elements of the CKM quark mixing matrix

— Disentangle the complicated interplay between weak
processes and strong interaction effects

3.Search for the effects of physics beyond the standard b = NN -
model in loop diagrams ! =;‘-;~,c,-<s
— Potentially large effects on rates of rare decays, time

dependent asymmetries, lepton flavour violation, ...

— Sensitive even to large New Physics scale, as well as to phases
and size of NP coupling constants

8/30/2011 M.A.Giorgi



B Physics B At
Radiative decays ( future )

n Br(K— nvv) (future)

B decays A .Nﬁ(l——ﬁ)
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Experimental ingredients: BaBar optimized for time
dependent CP asymmetries

Flavor
Tagging

Tag vertex
reconstruction
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Coherent BB pair ,
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Exclusive B Meson and Vertex
Reconstruction

Start the Clock
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Fit on Unitarity Triangle

Coherent picture of .
ECNC and CPV Consistence on an
processes in SM

over constrained fit
of the CKM parameters

1=
1

0.5

Discovery : absence of
New Particlesupto ¢
the
~2XElectroweak Scale
! -0.5

-1 -0.5

CKM matrix is the dominant source of flavour mixing and CP violation
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* Are SuperKEKB and SuperB discovery
machines in the LHC era ?

* Why is a luminosity > 103° required ?
* Why LHCDb is not enough for flavor studies ?

* Is it important running at the charm/tau
threshold ?

* How important to have polarization ?

8/30/2011 M.A.Giorgi



Future Super B Factories

SuperB Super KEKB

Peak Luminosity >1036 0.8 x 103°
Integrated 75 ab 50 ab
Luminosity

Site Green Field KEKB Laboratory
Collisions mid 2016 2015
Polarization 80% electron beam No
Low chergy 103> @ charm threshold No
running
Approval status Approved Approved
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SuperB Luminosity model
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Physics programme In a nutshell

* Versatile flavour physics experiment

— Probe new physics observables in wide range of decays.

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

* Clean experimental environment means clean signals in many
modes.

e Polarised e~ beam benefit 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.

This is the date Who - title 12



Data sample
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t Lepton Flavor Violation (LFV)

* vmixing leads to a low level of charged LFV (B~107>%).

— Enhancements to observable levels are possible with new-physic

e e beam polarlsatlgn helps-suppress-background.:—---{ « Belle

LHCb upgrade (est.)

-I __________________________________________________________________________________________ SuperB (est.)

Two orders of magnitude fg_iu"
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.. ' _ .
over current limits. - e o * s® e * .
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Precision CKM constraints

The "dream" scenario with 75ab1

|= 0.6
e Unitarity Triangle Angles
— ofa) = 1-2° 03
~ o(B)=0.1° )
— O'(V) =1-2° E l o
* CKM Matrix Elements °-3::f,'if 2By
- |Vub| [ —
* Inclusive 0 =2% 0.2F ;
* Exclusive 0 =3% -
- | VCb | 0.1 -_ . II".II :ri
* Inclusive 0 = 1% I | ek
e Exclusive 0 =1% D: ,| | '|
— - I '
|Vl - | BREB-W) ||| UTf;:
* Can be measured precisely using tdecays _ | f‘ | I e
— |V] and |V.| 01 0 01 02 03 04 05 0.6
e can be measured at/near charm threshold. P

* SuperB Measures the sides and angles of the Unitarity Triangle
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B, 4 Physics: Rare Decays

™ — T UV

* Example: (H" W™

B
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B, 4 Physics: Rare Decays

B — K%y
 Example:
— Need 75ab™1 to nbhserve this mode,

— \/|OIUJ|2 + |CIV%|2 ; N = —Re (OECE*) méﬁﬁi\fﬁémodelswithz
|(CE)SM| |CE |2 + |CIV%|2 penguins and RH currents.
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B. physics

* Can cleanly measure A%, using 5S data

s B(B, — B, — Dﬁ*)'ﬁu;) — B(Bs — B; — D,g*)-l_l_v;) 11— lq/p|*

BB, — B, — D" 1*u) + B(B, — B, — DT 1myy) 1+ a/plt
o(A%;) ~ 0.004 with a few ab™*
ll; \ Little Higgs(LTH) scenario
0
&3 —5
< 10
%5—15
—920
—95 :
0 0.1 0.2 0.3 1 —05 0 0.5 i
Sve Syks
part|C|ES, such as , WhiICh Can be enhanced by
SUSY. B, — 4y

This is the date Who - title



CP Violation in charm
05
negligible in SM
€0.5
Mode Observable  17(45) W(3770) 4
(75 ab™ ) (300 b 1) ..-
D’ Ktr~ " 3x 1075 1% 07 04 06 08 1 12 14
Yy’ 7% 107*
D"~ KTK~ yep 5x 1074 ___“/
D' = Kintn™ T 4.9 x 1074 T Futr..l:iﬂ'l'ncl'l'nr:?sni‘.r' SuperB
vy 35x107 Bool [ Twmmome |1 |
lg/pl  3x 1077 ;
@ 2°
W(3770)— DOD° &2 A (1-2)x10°8
Y \ (1—2) x 1072
cos d _ (0.01-0.02)
. o\
CPV In D sector is a
Vo7e =65 ~08s 05 08 7 1os

clear indication of New Physics !
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Charm

* Collect data at threshold and at the 4S.
— Benefit charm mixing and CPV measurements.

I I [ I [
- W A'E ) K*wx® (x”,y") . - W rE (y,) 1 Kwxn’ (xy”) .
- W Khh (x:% — 1-5 ¢ fit contours i - H Kh'h (){(5](); Kzn® () .
- K (xRy) i K "y KT (B, i
— 1-5 o fit contours
0015 — — a.015 — —
- (a) Super B 4Sonly . - (c) Super B with 500 b aty(3770) -

Yo

0.01

_ Also usefui Ifbfﬁrﬁéasuring the Unitarity trigngle“angley
(strong phase in D> Knut Dalitz plot).
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Precision Electroweak

* sin%@,, can be measured with polarised e-

025 T T T T T T T T T T T
i ' | Measure LR asymmetry in
- | —— current
| | — future |
0.245 [— | w— S M
- ete” — cc
024 ] + - +,,—
[ o
Nqé; : € € JY v
L 0235 fAPV e—l_e_ — T+T—
[ at the Y(4S) to same precision
[ as LEP/SLC at the Z-pole.
023
i 1 Can also perform crosscheck at
Y ¥ W S ——T ] € VA7) }
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Is this measurement also possible with

Charm?

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

2. Operate at a ccbar vector resonance above open charm

threshold W (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

5/30/2011 M.A.Giorgi 22



9-2 Reach (Valencia Report 2008)

Aayis not in good agreement with SM do

[ SoRT T p— = a-cos(f)? +b
|

Measuring differential cross section of tau COS( )

production would lead to measurement of the a ox /82 |F1 |2

real part of tau form factor.

SPS lalb 2 3 4 5 :. b@(2—,82)-|F1|2+4Re[F2]

Aa, x107" 3.1 32 16 1.4 48 1.1

Aa. x 107" 0909 05 04 1.4 0.3

We began considering 1-3 prong Cross Section | Normal
Asymmetry

whose experimental selection is cleaner EXPERIMENT
Need to tag the sample: 1 Re {Fy} I {Fa)}

. . . . . o, . B b B ll
Lepton tag: higher purity & higher diluition (at least 3 abar+DBelle 46 % 10-6 2.1 % 10-5
neutrinos) 2ab~!
Hadronic tag: lower purity & lower diluition (2 neutrinos) Super B/Flavor Factory

_ _ , (1 yr. running) 1.7 % 1076 7.8 x 107°
Systematics come mainly from tracking -
Should be able to measure the Super B/Flavor Factory

5 yrs. ng) ; —7 K —6

real part (0.75-1.7)x10® ( }r575:;.?mng o oA
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Beyond SM:LFV in t decays

SM allows LFV: observed in neutral sector.

In charged sector may happen via loops with -

small expected BR (e.g. BRsm(t—py)< 10°4). w?m<

w
Y
B} gwm%
v, .v#

u

Even less in 17— 31

If detected, LFV would imply New Physics with present (and near future) luminosities.

Many New Physics models predict T LFV BR up to [O(10-9)].

If detected in more than one channel it provides

Useful information on NP flavor structure, by looking at LFV BF Ratios. [arxiv:hep-ph0610344v3]

T o ’ %ﬂf\f‘ﬁ;y ’i-r\f“‘v’y
0 A0" Hs
HO,A <H§ 'c_%(_;%_u T_%_p
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Some NP predictions

TNy -l

: Dedes, Ellis, Raidal, PLB 549 (2002) 159 o -
2tSyiiggs Brignole, Rossi, PLB 566 (2003) 517 o 10
SM + heavy Maj v, Cvetic, Dib, Kim, Kim , PRD66 (2002) 034008 10 1010
Non-universal Z' Yue, Zhang, Liu, PLB 547 (2002) 252 10-° 108

Masiero, Vempati, Vives, NPB 649 (2003) 189 ‘s o

S Fukuyama, Kikuchi, Okada, PRD 68 (2003) 033012 1 10
Ellis, Gomez, Leontaris, Lola, Nanopoulos, EPJ €14 (2002) 319 . 5

moUGRA's Seeaan Ellis, Hisano, Raidal, Shimizu, PRD 66 (2002) 115013 o o
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t— 3[. expectations

7— 1] suffers from smaller

F II!I’E
backgrounds than t—py channel, & [
and is dominated mostly by E i
continuum and QED bkg ;: [
2 F
2
E -
- - e+l )
. ! 18 = :::'
Extrapolating from BaBar expect E L E
. E LA
UL is expected to scale almost E [ = ww )
linear with untegrated luminosity I —
reaching unprecedented _ld PR .: M M PR T .'Iu M L PO T ..1If
sensitivities of almost 1010 Lusminowity (atr )
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Masurements and ongm of LFV

=
=

(i) ug .01

g
T

[=1
pury

Terd b

1e-05 -

Te-06
a

MEG sensitivity u—>ey ~1013
Preliminary results <3 10-11

SuperB limits considereing
irreducible background, scaling
from Bfactories as (L) "1/2

5/30/2011
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E st
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10 5 l —~ i ~ i
10 10 10 / 10
Luminosity (ab )
ratio LHT MSSM (dipole) | MSSM (Higgs)
By~ —e etTe ) ) P—
» B } 0.4...2.3 ~ 1+10 ~ 110
Blr™ —p™ pT oy~ : . -3 )
BG _“’f - 0.4...2.3 ~ 210 0.06...0.1
S —cw s ) 103...1.6 ~2-107% 0.02...0.04
BT~ =~ r-'l+r_:| ‘ " i —2 . —
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T— Yy :BKg extrapolation

(using BaBar analysis)

BaBar expects 5.1 events in the 26 signal region

1.7 from lepton tags
1.4 from 3 hadron tags
2.0 from m+p tags

96% comes from real T decays (86% from pvvy)

Bkg extrapolated to SuperB gives
300 events in the signal box.

It can be reduced thanks to:
Improved resolutions

Improved EMC coverage

~250 events expected

Need to reduce backgrounds to an acceptable level to scale
etter than VL

5/30/2011 M.A.Giorgi 28
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T—uy With Polarization

[ Helicity Angle distribution |

Using Polarization a more viable option is exploit hadron s i
tags: only one v in the event = fixed helicity vorsf- n-tag

0.014F

0.012:

Signal helicity angle was studied for signal (both Polarized ot
and Unpolarized) and backgrounds. 008

0.006F

0.004F

WSS n o flnnnflnonflannfinnnlonallonallonnlnnnllnnn
-1 08 06 04 -02 0 0.2 04 06 08 1
Helicity angle

[ Hh — Charge gh tﬂ}g ] [ Helicity Angle distribution | :::::‘:m

0.018 —— 3w v (pol)
s 0.018 p_tag o
=
: < -ta 0.014
S |—t—=uvvy (no pol) = g _—
e g |—t—pvvy (with pol) H
- 0.0
lﬁ ] :
E . 0.008-
S j 0.006
s Ry E
=1 0.004
= Sianfnnnfonnlnonlnnolonnfonnlonnlonolons
H 4 08 08 04 02 0 02 04 08 _08 1
I S S S S T S NI P R Helicity angle
-1 -0.5 0 0.5 1

MuonCosThetaCM*MuonCharge
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Polarized beam and tag on leptonsand on hadrons
(t— p n/t—r n)reducesirreducible background!

Tag Hellcity angle

/5 ab1

1

* &
o |&) gt
! E 2 7

Applying a rectangular cut
eff. on signal ~40-45%
bkg retained ~ 10-15%

Sensitivity improves at
least by afactor 2.
Equivalent to afactor 4
increase in luminosity.

Tag Helicity angl

wBERRR2EE .

=
5
| R
i
5
o

[ Helicity Angle distribution | — B(T 3 H}:} 2w 10— 9 E(T — #.‘].-'} 1= 10—19
£ E — =y (nopoly

%:::: T E(T—}E}’}E:-: 10—-19 . Bt ﬂey}ixlﬂ—g
E.uui— ) ) )

Sor2b- Polarisation is

0.01

-an important issue for LFV
-opens the possibility of measuring (g-2)
-opens measurement of EW parameters

0.0:08

0.004

0.002

T8 08 od 92 0 0z 04 0§ 08 1 — —
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A simple analysis

Background = tag |

02 04 06 O

1
Signal Helicity angle
Signal x tag |
T I =
o f .

|_Unpolarized signal =tag |

-0.2
-0.4
-0.6
-0.8
- 02 04 06 08 1
Signal Helicity angle

Trapezoidal Cuts

02 04 06 08 1
Signal Helicity angle

leff. on signal:
{41.6%Tt 49.4%p
bkg retained
11.5%m 9.8%p

Using polarization we obtain an improvement equivalent to a 2.6 increase in integrated

Luminosity albeit using only 25% BF



Polarized beam and tag on leptonsand on hadrons
(t— p n/t—r n)reducesirreducible background!

Tag Hellcity angle

/5 ab1

1

* &
o |&) gt
! E 2 7

Applying a rectangular cut
eff. on signal ~40-45%
bkg retained ~ 10-15%

Sensitivity improves at
least by afactor 2.
Equivalent to afactor 4
increase in luminosity.

Tag Helicity angl

wBERRR2EE .

=
5
| R
i
5
o

[ Helicity Angle distribution | — B(T 3 H}:} 2w 10— 9 E(T — #.‘].-'} 1= 10—19
£ E — =y (nopoly

%:::: T E(T—}E}’}E:-: 10—-19 . Bt ﬂey}ixlﬂ—g
E.uui— ) ) )

Sor2b- Polarisation is

0.01

-an important issue for LFV
-opens the possibility of measuring (g-2)
-opens measurement of EW parameters

0.0:08

0.004

0.002

T8 08 od 92 0 0z 04 0§ 08 1 — —
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INTERPLAY: Combine measurements to elucidate structure of new physics

More information on the golden matrix can be found in
arXiv:1008.1541, arXiv:0909.1333, and arXiv:0810.1312.

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

high tan 3 Z penguins| currents AC \RVV2|AKM|SLL | FBMSSM
T — Wy Fokk| kdk | ok [kkKk|  kxk
T — b0 * K x
B — Ty, pv * * x(CKM)
B — K¥typ * * ok * *x | * * | * *
o

8
g

Sin B — Ken'y To complete
S in other penguin modes

ACP(B—>X3’}‘)
BR(B — X.v) * % % * *
BR(B — X, ¢¢) * * *
B — K™)¢¢ (FB Asym) * | = * |kxk|  xkk
B; — up *hkk| kKK | *kk [*kk| Kr*x
Bs from By — J /v *kk| kkk | hkx | * *
Bs — vy

ANANANA YA N U N N N N

Qs * ok Kk
Comonmision, ROVSUSK " non O SUS, comeadvih 055 g sl
CPV in Charm

sin? By at 7(45)

sin? @y at Z-pole

NSNS NS

To complete
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SN SNSSSNSNSNSN NS

NI

More information on the golden matrix can be found in
arXiv:1008.1541, arXiv:0909.1333, and arXiv:0810.1312.

Observable/mode HT MFV| non-MFV NP Right-handed |LTH SUSY
high tan 3 Z penguins| currents AC |[RVV2|AKM|46LL|FBMSSM

T — *hkok| khkk | Kk |kkk|  Kkk
T — LL * kK

B — v, pv * % %(CKM)

B — K™typ * * ok * *x | * *x | * *
Sin B — K91 * * *

S in other penguin modes * % %(CKM) * % % * kx| Ak *x  [xkk|  kxx
Acp(B — Xs) * % = * * * |xKkx| Kxk*
BR(B — X.7y) * * % * *

BR(B — X, ££) * * *

B — K™ (FB Asym) * * *  |kkk| Kxk
Bs — pp Kokk| khkk | kkk [hkk| Kkk
3s from By — J/v¢ khok| kxkk | khx | * *
s * k

Charm mixing *kk| ok * * *
CPV in Charm . * *
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Golden Measurements: CKM

 Comparison of relative benefits of SuperB
(75ab1) vs. existing measurements and LHCb

Observable/mode

(87

3 from b — ccs

By — J/yr®

B, — J/yK?

g

|Vaus| inclusive

| Vaus| exclusive

|Ves| inclusive

|Vep| exclusive

Current (now) |LHCb (2017) |SuperB (2021) | LHCb upgrade (20307) | Theory

LHCb can only use pmt

Btheory error By
Btheory error B,

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

Experiment: -\Io Result Moderate Precision -ise -Precise

Theory:

This is the date

oderately clean -an Need lattice -1
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Golden Measurements: General

Experiment: -\Io Result Maoderate Precision -ise -Precise
Theory: Joderately clean -an Need lattice -1

Observable/mode Current (now}lLHCb (201'?}‘SuperB (2921}|LHCb upgrade (2030?)|theory|
T Decays
Ty Benefit from polarised e~ beam
T — ey
B‘u,d DECE-YS . . h . d d
B — 1o, very precise with improved detector
B — K+ Statistically limited: Angular analysis with >75ab’

S in B — K%n% Right handed currents
S in other penguin modes
Acp(B — X.ov)

BR(B — X.7)

BR(B — X.tf)

BR(B — K™¢p)

SuperB measures many more modes
systematic error is main challenge

control systematic error with data

SuperB measures e mode well, LHCb does pu

B: Decays

B — pp
Bs from B: — J/v¢
Bs — vy

Ayl

D Decays

mixing parameters

CPV Clean NP search

Precision EW

Theoretically clean

sin® B at 7(45) cean 36
b fragmentation limits interpretation

sin® Oy at Z-pole




Physics

* Aluminosity of 50— 100 ab! (100
times that of existing B-Factories) open
windows on NP:

— Precision measurements allowing to
detect discrepancies from the standard
model

— Rare decay measurements, Lepton
flavour violation

— CPviolation in Charm
e Polarized e- beam:
— TCPV, EDM, g-2

* Possibility to run at tau/charm
threshold

 Complementarity and synergy with LHC
program

© by Ciuchini

8730/2011 M.A.Giorgi
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] REQUIREMENTS FROM PHYSICS

\

Parameter

Luminosity (top-up mode)

Integrated luminosity

CM energy range

Minimum boost

e Polarization

5/30/2011

Requirement

1030 cm2s1 @ Y(4S)

75 abl

T threshold to
Y (5S)

By =0.237
~(4.18x6.7GeV)

>80%

M.A.Giorgi

Comment

Baseline/Flexibility with headroom at
4.10% cm2s?t

Based on a “New Snowmass Year” of
1.5 x 107 seconds
(PEP-II & KEKB experience-based)

For Charm special runs (still
asymmetric......)

1 cm beam pipe radius. First
measured point at 1.5 cm

Enables 7 CP and T violation studies,
measurement of 7g-2 and improves
sensitivity to lepton flavor-violating
decays. Detailed simulation, needed
to ascertain a more precise
requirement, are in progress.
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uuuuuu sa I[N Preparation of TDR

Progress Reports

Super

Physics

Since September 2010 the three
SuperB Progress Reports have been

capers published, it was an important step
Progress Reports forward to the completion of the
TDR , in time during 2011.

arXiv:1008.1541v1

fhe Collder Machine parameters are fixed
arXiv:1007.4241 including the tunnel length , a
Physics update after the 2008

Prog P . Valencia document, the Detector is

almost frozen.

Dietector

arXiv:1009.6178v1

5/30/2011 M.A.Giorgi 39


http://arxiv.org/abs/1008.1541v1
http://arxiv.org/abs/1009.6178v1

Collider Parameters are “stabl

Base Line Low Emittance I-Ii_g,ll Current Tll-ch.rm_

Parameter e o lolel ool ol o
LUMINOSITY cm’ st 1O0E+36 1O0E+36 1.O0E+36 1.ME+3E
Enersy CeV 67 |41 | 67 | osas | a7 | sus 15 | 161
Circumferemce m 12384 12584 12384 12384
X-Angle (full) mrad il il 65 ]

B. @ IF m 1 32 16 32 506 5.22 6.74 232
B, @ IF m 0.0233 | 00205 | 00179 | 00145 | 00282 | 00237 | 00658 | 0.0533
Coupling (full current) iy 0.25 0.25 0.25 025 0.5 0.5 0.15 0.25
Emittance x (with IBS) nm 200 146 1.o0 123 200 246 5.0 64
Emittance y pm 5 6.15 15 3075 10 113 13 16
Bunch length (full current) mm 5 5 5 5 44 44 5 5
Beam current m4 1382 | 2447 | 1440 1382 a4 4000 1363 1765
Buclets distance # 2 2 1 1

Ion gap oy 2 2 2 1

EF frequency MHz 476 476, 474. 476.
Fevolution frequency MHz 0.238 0238 0.238 0.238
Harmonic number & 1988 1988 1988 1998
Number of bunches o o7e 1958 1958

N. Particle/bunch {10') & 508 6.56 £ 5.06 413 5.36 153 137
o, effective pm 6522 | 16530 | 16522 | 16530 | 14560 | 14578 | 16611 | 16647
a, a IP pm 0036 | 0036 | 0021 | 0021 | 0054 | 000254 | oo0e2 | 0u0e2
Fiwinzld angle rad 21BE | 1840 | 31346 | 2630 | 1443 1174 530 7.15
E, effective pm 13335 13335 534 23335

E pm 0.050 0.030 0.078 0.131
Hourglass reduction factor 0.950 0.950 0.950 0.850
Tune shift © 0.0021 | 0.0033 | 0.0017 | 0.0025 | 00044 | 00067 | 00052 | 0.0080
Tune shift ¥ 0.087 | 0087 | O0BSI | 0.0BE2 | D.0624 | CUOGET | 00808 | 0.0R10
Longitudinal damping time msec 134 03 134 203 134 203 168 40.6
Energy Loss/turn MeV 211 | 0865 | 211 0.865 211 03483 04 0.17
Momentum compaction (1077 436 403 436 405 436 405 4.35 4.05
Energy spread (107 (full current) dEE §.43 134 §.43 T34 §.43 T34 G643 734
CM emergy spread (107 dEE 50 50 50 50

Total lifetime mn | 423 | 428 [ 505 | 3 e | m 1= | a8
Total EF Wall Plug Power MW 1638 1237 2883 231

8¢30/2011

SUPERS CoLLIDER PROGRESS REPORT

M.A.G

| RF

" Polarization

+ 180% for e

—

LER
S arc
HER ™=
arc oy

HER Energy:
6.7 GeV

LER Energy:
4.2 GeV

orgi

LER
arc -~
—=="" HER
arc




5/30/2011

stands for superconducting.

HIGH-ENERGY COLLIDER

I.

PARAMETERS: et e~ Colliders (I1T)

Upadated in early 2000 with mumbsers received from representatives of the colliders (contact J. Beringer, LENL]. For existing [futore] colliders
the latest achioved {design) values are given. Quantities are, where appropriate, rms.; H and V indicate horizontal and vertical directions; s.e.

KEKE FEP-11 Superlh SuperKEKB
IKEK) ISLAC) {Ttaly) [KEK)
Physies start dane 108k 158 TBD 0147
Physics end date 20HK3
= T-12 (0 nominal)
Maximmum beam encrgy (Gev) e 3.3 (.0 nominal | © G4 (3] mominal ) ) 1 4.2 e T
e%0 3064 {35 nominal) (nesminal Fogy = 105 GeV) BT et 4
Luminesity { 104 em=2~1) 21063 L206s 10w 10t ax 10F
(adeatgn: 0]
Tinme between collisions () (LIRS ar (LONTAR 2 (042 [IRIE]
Full erossing anghe (g rad) +1 1000t i +A3000 441 500
Encrgy spread (units 1077 0.7 £ 610,77 e fets 0UT3/0.64 e~ fet /1184
Bunch lengtl (cm) X e e L1 L [1X:) e e 0LG/0.46
Beam radins () H: 124 (7], 117 [&7) H: 157 H: g 75 LU, 0062 (V)
o V0 VoaT V:im 21 10 (/) 048 (V)
Free space at interaction +0LT5 058 +0.2, £0.85 e D20 = L2 6T 40 TES - 0TS
peodnt [} {+300/ =500 ) mrid come =300 mrad cone (4300, =500 mrad cone
Lumninasity lifetime (hr) EOnLIous eonlinuos continuous continuons
Turp-arommd time |min) continnous continons comtinmons oMt
Injection energy (GeV) e=fet B3N 2512 e fet .26 e et
Transvess: 18 (H). 15 (V) 70 L5 (H, 06 (V) " o (v
\ 5 (H), 3 (V)
7 ral-mm ) et B {H), 15 (V) et 20 (HY), (s (V)

&%, amplitede function atb
interaction point (m)

e 050 (), 0,012 (1)
et 00 (), 0,002 (1)

o 0032 (), 00021 (V)
et 0026 (1), 0.00025 (V)

e O (H s 10 (V)

et 0,

[H, 2.7 % 1074 (V)

Benm-beam tune shift
per erossing {units 1071

7 1020 (), 00 (V)
et 1270 (H), 1200 (1)

e 708 (H), 408 (1)
10 (K, 727 (V)

20 (H), 950 (V)

&

D L2 {H. 80TV
et:

I (H, B8 (V)

RF frequency (MHz)

AlEEET

176

ATh

L BRT

Particles per buneh
(units 100

S

Bunches per ring
[T S

W78

Average boam current
per speckes (mA)

e et L1 16ET

¥

et 1800 2400

e et 200 3R

E 1 polacization ) = Bl
Clirenmference or length (km) BT a2 1258 EANH
1 1 1 1

Interaction regions

Magnetic length of dipole (m]

£~ fe* : 5.86/0.915

e et BAS04E

e e 054

e~ fet : B.A/40

Length of stamdard cell {m)

e feT o TR

152

L]

e~ et TRI TG0

Phase advancs per coll {deg)

450

e~ fets GO0

360 (V. 1080 (HY

450

Dipoles in ring

e et 106,112

e e 102/102

e e 1RG 102

&

~let i 116/112

Cnadrupoles in ring

e fet - 453 /452

e Se T 200326

e e 200300

“et s A A0

Feak magnetic field [T}

e et RS0, T2

e~ et 018/0.75

e

Jet: 0.52/0.25

¥

Setonazinam

41



|_arge Piwinsky anale

Piwinsky = > 20
. Bunches are “long” (o:~5 mm), y 4

“natural” aspect ratio oy /ox ~ 0.5%

e The collision region is short ( X, ~ 400 um),
very small aspect ratio Xy /X x ~0.01 %

5/30/2011 I\%.Giorgi q)PiW 42



Crab Waist

5, v 2%% v %2 1
X PPiw.
. Crab waist: modulation of the y-waist position, particles collides a same p)
realized with a sextupole upstream the IP.
. Minimization of nonlinear terms in the beam-beam interaction: reduced
emittance growth, suppression of betatron and sincro-betatron coupling
. Maximization of the bunch-bunch overlap:

luminosity gain

5/30/2011 M.A.Giorgi 43



Polarization In SuperB: Spin Rotation

e 90° spin rotation about x axis
— 90° about z followed by 90° abouty

« “flat” geometry => no vertical emittance growth
e Solenoid scales with energy => LER more economical
* Solenoids are split & decoupling optics added.

HER

- N H -
- R
. - .
- L2
-
.
; -
e Tt
e S
x ‘i -,
o ot
270° spi
P spin -
- :

S.r. solenoids
(90° spin)
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END of first part
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