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Introduction ~
» Current flavour physics landscape is defined by BaBar,
Belle and the Tevatron.
We learned that CKM is correct at leading order.
Placed indirect constraints on NP that will last well into the
LHC era. (e.g. H* searches).
» SuperB will start taking data in 2017.

LHCb will have re-defined some areas of flavour physics on
that timescale [and take data through to 2017 shutdownl].

LHC may (or may not) have found new particles.
Existing mass scale exclusions are model dependent.

In both scenarios results from SuperB can be used to
constrain flavour dynamics at high energy.



J. Ellis

MSSM: > 100 parameters

Minimal Flavour Violation: 13 parameters
(+ 6 violating CP)

SU(S) unification: 7 parameters

What we call SUSY depends on how far you want to go in
the battle against the curse of dimensionality.

e.g. Only 100 samples per parameter: you need
100N samples per model.

100%%* would cover MSSM without v,
* The fewer parameters in the model the better!

* The fewer samples the quicker!
* The more constraints the better!

Is this numerical approximation realistic (i.e. good enough)?

7N\
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The problem
» Many NP models

One may be a good description of nature.
Almost nothing to go on but the SM and a few hints.



The solution...
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Observable /mode

charged Higgs
high tan 3

MFV NP
low tan 3

non-MFV NP
2-3 sector

NP in
Z penguins

Right-handed
currents

LHT

AC

RVV2

AKM

SUSY
0LL

FBMSSM

GUT-CMM

T = py
T — L

* % %

* % %

* Kk Kk

* Kk Kk

* Kk

* % %
?

B — 1y, pv

B - K®typ

Sin B — K27n%

S in other penguin modes
Acp(B — X47)

BR(B — X.7)

BR(B — X, £¢)

B — K™¢¢ (FB Asym)

* x x»(CKM)

*
ok
* x x(CKM)
* %k
ok

Sk

* KK

* Kk Kk

* Kk Kk

Sk

* % %

.

* Kk Kk

* Kk K

* Kk Kk

* kK

* K K

* Kk Kk

?

K}
Qg

* Kk

* % %

Charm mixing
CPV in Charm

Sk

* % %

» Itis not obvious which model is correct (if any)

Have to look at patterns of deviation from the SM to elucidate the
underlying theory.

Just like the journey from Cabibbo's 2x2 mixing matrix through to
the CKM matrix of today...
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Ayp: the energy scale

» SuperB doesn't operate at high energy
So ... what's the point of having it?
Model dependent indirect probes for NP reach higher scales than can
be attained at the LHC.
Model dependent direct searches for NP at the LHC have found
nothing so far.

Scenario |:
LHC finds NP incompatible with flavour data = something to fix in the theory.

Scenario 2:
LHC finds NP compatible with flavour data = can use flavour data to start

constraining couplings.

Scenario 3:
LHC finds nothing = probe high energy indirectly and bound possible effects.
e.g. B mixing and the top: everyone knew the top was light until ARGUS found

B mixing to be large.
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Ayp: the energy scale

» SuperB doesn't operate at high energy
So ... what's the point of having it?

Model dependent indirect probes for NP reach higher scales than can
be attained at the LHC.

Model dependent direct searches for NP at the LHC have found
nothing so far.

* Also the problem of decoding NP is not as simple as the days of the top
quark searches.
We know something is missing but we don't know what we are looking for.

* Many viable models of NP: SUSY or some simple variant (MSUGRA/
CMSSMY/...), extra dimensions, 4t generation, Little Higgs, etc. etc. etc. some
are coupled to SM Higgs vs. no Higgs.
Each model guides a search, but only one model can be right
(and it's not necessarily one of these).
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Ayp: the energy scale

» Example: Consider MSSM as an illustration of SUSY

Simple, and being constrained by the LHC but general
enough to illustrate the issue:

LHCb, SuperB
Ag — ptanB) (AL)LL (Afy)Lr (AL (Afs)Lr \

AL R (AYy)rr (AYs)RL (ALs)rr
(AL (AL LR

AL RL (Agg)RR

e.g. MSSM: 124 (160 (L
with V ;) couplings,

most are flavour M?3
related.

b(Ap — ptan 3)

A's are related to
NP mass scale. and similarly for M%

In many NP scenarios the energy frontier experiments will
probe the diagonal elements of mixing matrices.

Flavour experiments are required to probe off-diagonal
ones.



Ayp: the energy scale

» e.g. MSSM with generic squark
mass matrices.

» Use Mass insertion approximation
with g ~ Mg to constrain
couplings:

Aj)!
(537-),43 _ ( ])%AB

q

» Can constrain the §9;'s using

B(B — Xsv)
B(B — X 0107)
Acp(B — Xs7v)
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Existing LHC constraints on the gluino
mass, mean couplings are non-zero, so we
can provide an upper bound on A .

~
Sl
/N
—e 6 measured with greater
= than 30 significance
101 N
102

1 |

10 ‘,

Mgluino (T€V>
e.g. see Hall et al,, Nucl. Phys. B 267 415-432 (1986)

Ciuchini et al., hep-ph/0212397

1
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A\o: the energv scale
NP- 8y
» e.g. MSSM with generic squark Existing LHC constraints on the gluino
mass matrices. mass, mean couplings are non-zero, so we

can provide an upper bound on A .

=
» Use Mass insertion approximation =1
. . o]
with g ~ Mg to constrain =
couplings: _
-\4
(5q')AB — (AZ])AB 101
Y] m2

q —_— | |
e.g. if LHC excludes | TeV i
gluinos, and SuperB -
measures (893),g~0.05
would imply Ap <35 =
TeV.

» Can constrain the §9;'s using

B(B — Xsv)
B(B — X 0107)
Acp(B — Xs7v)

102

|

10 ‘
Mgluino (T€V>
e.g. see Hall et al,, Nucl. Phys. B 267 415-432 (1986)
Ciuchini et al., hep-ph/0212397




Ayp: the energy scale

» e.g. MSSM with generic squark
mass matrices.

» Use Mass insertion approximation

with Mg ~ Mg to constrain
couplings:

Ayj)
(55)an = 24

~

q

» Can constrain the §9;'s using
IﬂBﬁ&w
B(B — X 0107)
W Acp(B — X,v)
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e.g. see Hall et al,, Nucl. Phys. B 267 415-432 (1986)
Ciuchini et al., hep-ph/0212397
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Other NP sensitive flavour observables

» LFV: t decays

See the following preprints for a more
comprehensive overview:

» B Physics
arXiv:1109.5028 [Impact of SuperB]

_ arXiv:1008.154| [SuperB Physics progress report]
» D Physics

arXiv:1002.5012 [Belle Il Physics Programme]

» Precision sin?6,,



7\
SuperB
\ v

Lepton Flavour Violation (LFV)

» v mixing leads to a low level of charged LFV (B~10->%).
Enhancements to observable levels are possible with new physics scenarios.

Searching for transitions from 3™ generation to 2" and 1%, i.e.
T — U and T — €

2 F O BaBar
» Two orders of magnitude E L ® Belle
. - & LHCb upgrade (est.)
e 6 L s
improvement at SuperB over glo* e = SuperB (est)
current limits. > F o %6 o
°310 7 OO .............................................. . ..... . ..... ® OO .......................................... oo ................. ....o.. ........
»Hadron machines are not 3 o o o © 8 Cqg 00 ¢
-0 *
- ) . o 0% 00 008 ¢ 9 QO oA ®
competitive with ee -6 7o . S % A D
. . BT [ oo e PR
machines for this. A
| ¥y
} N B _ b l ] t. 10-9 .................. . ....................................................................... NoteSuperBhasonlyevaluateda .............
.b. € €am pO arisation u few of the accessible modes.
| O
helps suppress background. . SETEEETENERRTRRERRER RN RN ARERRRRRTRRRRRTRNANEE
;‘;"’.,f'r .:'i’f:.—:.— ”x“,.°,.fa_°¢_,_9¥9¥i;ix.:§33 ) oo.:x..:x. ‘@ :.:Iﬁglx.v.v gg vr gx!x 'vv zx xx
el T R e T LR SRS

14



Br(r—ppu)

7\
SuperB

| -
The golden LFV modes: 7 — (7, S
» Symmetry breaking scale assumed: 500GeV.
10710 107 1078
' ' ' NP scale assumed: 500GeV.
1078+ 11078 Current experimental limits are

at the edges of the model
parameter space

1077} 1107 SuperB will be able to
significantly constrain these
models, and either find both
channels, or constrain a large
110719 part of parameter space.

Br(r—uy)

c/o M. Blanke M. Blanke et al. arXiv:0906.5454
15
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Specific example: 7 — W7y

» Only cleanly accessible in e*e™ (golden modes: py, 3 lepton).

Model dependent NP constraint. mg = 300 GeV  BLUE
mg = 500 GeV  RED

Correlated with other flavour
Not updated to latest results from LHCb

observables: MEG, LHCDb etc.

D.15
TABLE III: Expected 90% CL upper limits and 30 evi- 0.1
dence reach on LFV decays with 75 ab™! with a polarized
electron beam.
& 0.05
Process Expected 30 evidence ~
90% CL upper limit reach ~ g
B(r— pq)  24x10°° 5.4 % 10°° %
B(t — e7) 3.0 x 1077 6.8 x 1077 E
H  .0.05

B(r — 6f) 23-82x107"" 1.2-4.0x107°

Parry and Zhang Nucl.Phys.B802:63-76,2008
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B, 4 physics: Rare D —/
w4 Physics: Rare Decays
» Example: BT — (*u b |
» Rate modified by presence of H* W
r —M -------------
V
m?2 2
rg = |1- —QB tan? 15
My

Currently the inclusive b to sy

channel excludes my, <295
GeV/c2.

The current combined limit
places a stronger constraint than
direct searches from the LHC for
the next few years.
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B, 4 physics: Rare Decays
» Example:B — K uw

» Need 75ab~! to observe pseudoscalar and vector modes.
» With more than 75ab~! we could measure polarisation.

\/|CV |2 -+ |C |2 —Re (C’ZC%*) Sensitive to models with
€ = ] =

(CT)M

= Z',RH currents and light
V|2 V|2 ’ 8
|CL| + |CR| scalar particles.

e.g.see AItmannshofer Buras, & Straub

0.5 =

0.4:— : =
02" =
[ f L E
0.0 | EEEE— - S 0F WS =
02+ with 75ab™! -
-0.4 ) (Experimental uncertainties)—%
....... _05 I T R
0.0 0.5 -0 0.5 1 1.5 2 2.5 3

s : . 6 : . : s
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b= sl*l-

» SFFs can measure inclusive and exclusive modes:
Crosscheck results to understand source of NP.

Important as theory uncertainties differ.
e.g. expect: 10-15,000 K*up and 10-15,000 K*ee events at SuperB.

» SFFs can study all lepton flavours:

Equal amounts of p and e final states can be measured.
Need both of these to measure all NP sensitive observables.
LHCb will accumulate slight more events in the pu mode.
Expect ~20 times the statistics than LHCb for ee mode.
S/B~ 0.3, c.f. S/B~1.0 for LHCD.

Can also search for KUt t~ decay.

.. and constrain Majorana v's using like sign final states.
Also of interest for D, decays to KOl final states near charm threshold.
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b= sl*l-

» SFFs can measure inclusive and exclusive modes:
Crosscheck results to understand source of NP.

Important as theory uncertainties differ.
e.g. expect: 10-15,000 K*up and 10-
SIS

Equal amoun oe measured.
Need be sensitive observables.
LHCb wi ore events in the pp mode.
Expect ~
S/B~ 0.3, c.

Can also search for KUt t~ decay.

.. and constrain Majorana v's using like sign final states.
Also of interest for D, decays to KOl final states near charm threshold.

20
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TDCPV in B decays (i.e. CKM angles 3 & o) ~

» There are many redundant measurements of the CKM
angles that are potential probes of NP.

Mode Current Precision Predicted Precision (75ab™!) |Discovery Potential
Stat. Syst. ASY(Th.) |Stat. Syst. ASY(Th.) 30 %
J/YK2  [0.022 0.010 0+0.01 [0.002 0.005 0=+ 0.001 0.02 0.03
n K& 0.08 0.02 0.015+0.015[0.006 0.005 0.015+0.015 |0.05 0.08
dK 7 0.28 0.01 — 0.020 0.010 - — —
foK?2 0.18 0.04 0+0.02 |0.012 0.003 0+ 0.02 0.07 0.12
K2K2K2 |0.19 0.03 0.02+0.01 [0.015 0.020 0.02+0.01 |0.08 0.14
PK S 0.26 0.03 0.03+0.02 |0.020 0.005 0.03+0.02 |0.09 0.14
K% 0.20 0.03 0.09+0.07 |0.015 0.015 0.09+0.07 |0.21 0.34
wK?2 0.28 0.02 0.1+0.1 [0.020 0.005 0.1+0.1 0.31 0.51
KTK~K2[0.08 0.03 0.05+0.05 |0.006 0.005 0.05+0.05 |0.15 0.26
7’ K% | 0.71 0.08 — 0.038 0.045 — — —
pK 2 0.28 0.07 —0.134+0.16(0.020 0.017 —0.13+0.16 |0.41 0.69
J/n® 0.21 0.04 — 0.016 0.005 - — —
D*t*D*= |0.16 0.03 — 0.012 0.017 - — —
DtD~ 0.36 0.05 — 0.027 0.008 - — —

» Can also measure « using all modes: 1tr, pm, pp, a;m
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B, physi
. physics
» Can cleanly measure As;; using 5S data
AS, — B(Bs — Es — X_£+V€) — B(Es — By — X_£+V€) o 1 — |Q/p|4
b B(By — By — X~ (+v) + B(Bs — By — X~ l+y) 1 —|q/pl*

o(A%;) ~ 0.004 with a few ab™’

10 20
- ‘-\ Little Higgs (LTH) scenario 15
0 10 o o .
N < o
- - -5 ®
—20 —10¢
—25 N —-15
0 0.1 0.2 0.3 -1 —0.5 0 0.5 1

Sye SyKs

SuperB can also study rare decays with many neutral
particles, such asBs — 7, which can be enhanced by SUSY.

22
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D Physics
» The programme includes
Mixing [This talk]
CP Violation [This talk]

Quantum Correlation based measurements
Rare decays

There were a number of talks on charm physics at the threshold workshop
in October. Only a few highlights are shown here: see:

http://indico.ihep.ac.cn/conferenceTimeTable.py?confld=217 | #all.detailed

for more detailed discussion on this interesting area of the physics
programme [AB, Giorgi, Meadows, Neri, Rama, Sokoloff].

23



Charm Mixing

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

1T 1T T 17T T T T | 1T T 1T T T T T°T

- M Ar (v, [ K*w=® (x,y”)
i - Kh'h (x,y) — 1-5 ¢ fit contours
004 |— '
o 2
- ~
L >~
L 2N
. N
= |
002 |—
[

-0.02 0.02

Itll/lllllllllll

0.015

T T

- W () ) K (¢ ) ]
- MK hfh (X,.V) R 7

I T T T T T T T T T

" ()

1a%a¥a
— 1-5 ¢ fit contours

(c) Super B with 500 o' at (3770 7

Also useful for measuring the Unitarity trlangie angle y
(strong phase in D> Knmt Dalitz plot).

24
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Charm Mixing
» Collect data at threshold and at the 4S.

Yo

Benefit charm mixing and CPV mes Wts.
T T T T T T T T | I T T T T T T T T T I 6 ‘o s T T T T T T T T
W G LK) e Cye@ \rereay
i o (3(2, y)/ 1-5 o fit contours 3‘ X 0\)\ KT @) i
001 |- I K'm (x ,i’_ Z - O oe(% -’(:\O(\ W \e- W K7 () |
. e «\'\(\3 ] es(‘,a 1-5 ¢ fit contours B
P (a) F da‘a (O : de’&e( ‘\(\'\S“ ne Vo aty(3770
i oLt exe o® ner®© -
i m‘\ﬁ\“% a:(\c,’a\\\' O(\x('\‘o‘) -~ a“d ]
0.02 E— S\IS“e \0 \I \LS\\\\ C( ec'\s.\o © (\‘ -
- ’\“a‘ed \\'\“"\‘S 2 :
Woo® 90
WL a0 Ty
e e
W2 e =2
? C\,EO’ ‘ 1 L I | | 1 L Il L L | |

-0.

" Also useful fc esuring the Unitarfty triangﬂe anag”ie Y
(strong phase in D> Knmt Dalitz plot).

25



The quest for the final angle of the CKM matrix: f3_
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» The charm cu triangle has one unique element: {3,

VJchd Oc = arg [—VJchb/VJchs]-
VJchb Be arg [_VJchd/ Vs VCS] )
B, [

Ye = arg [_VJbVCb/VJd%d] ’

Vu*s‘/;S
a. = (111.5+4.2)°
. = (0.0350 £ 0.0001)°
VE Vi + VE Vi + V5 Vip = 0 8 ( )
Ve = (68.4+0.1)°

» Precision measurement of mixing phase in many channels (<2°)

» Constrain 3, . using a D — 7w [sospin analysis

26

Search for NP and constrain 3 .~ 1°.
Can only fully explore in an e*e~ environment.

Data from the charm threshold region completes the set of 5 [V;| to

measure: needs SuperB to perform an indirect test of the triangle.
AB, Inguglia, Meadows, PRD 84 114009 (2011)
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Precision EW Physics

27



Precision Electroweak
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» sin’6,, can be measured with polarised e~ beam:
V's=Y(4S) is theoretically clean, c.f. b-fragmentation at Z

025

024

sin26W

0235
023

0-225 1 1 11

28

pole.

IIIII T Illlllll T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII LI

- | —— existing measurements
| | = future measurements (anticipated uncertainty)
0245

== SM (MS scheme including higher orders)

curve by Jens Erler

JLabQ,(p )I NuTeV
Q

SLAC E1 581

iCS APV

<

§
S
v

Z-pole
semi-leptonic
Z-pole leptonic

Il[ 1 1111

lI 1 llllllll 1 llllllll 11 lllllll 1 llllllll 1111 l 1111

llIlIlIIlllIlllllllIIlll

11 (NN
0.01 01 1 10 100 1000

Q [GeV]

1
0.001

Plot adapted from QWeak proposal (JLAB E02-020)

Measure LR asymmetry in
ete” — bb

e — CC

e~ — TrTT

el

el

ete” — putp”
at the Y(4S) to same
precision as LEP/SLC at the

Z-pole.

Complements
measurements planned/
underway at lower energies

(QWeak/MESA).



This table concentrates on observables that SFFs can measure, with a ’.\
few of the prime examples from hadron experiments to highlight that s“ erB
there are many things that need to be measured well. Il

Golden Measurements: General

Experiment: _ Moderately precise
Theory: Moderately clean

Observable/mode Current LHCb (2017) SuperB (2022) LHCb upgrade | Theory
Luminosity ~lab™ 5fb~! 75ab~! 50 fb~!
7 Decays
T = Ky Benefit from polarised e~ beam
T — ey
B, 4 Decays
B — v, pv very precise with improved detector
3
B — K®+up Statistically limited: Angular analysis with >75ab-!

Sin B — K%
S (other penguin modes)
Acp (B — X)

Right handed currents
SuperB measures many more modes

systematic error is main challenge

BR(B — Xy7) control systematic error with data

BR(B — X.ll)

BR(B — K(*)ll) SuperB measures e mode well, LHCb does u
Bs — pp

Bs from B, — Jfb ¢
By — vy
Qg

D Decays
Mixing parameters

CP Violation Clean NP search

Precision Electroweak
sin? @y at T(485)
sin? 0y, at Z-Pole

Theoretically clean
b fragmentation limits interpretation




This table concentrates on observables that SFFs can measure, with a
few of the prime examples from hadron experiments to highlight that
there are many things that need to be measured well.

Golden Measurements: CKM

7°\
SuperB
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» Comparison of relative benefits of SuperB (75ab1) vs.
existing measurements and LHCb (5fb-!) and the LHCb

upgrade (50fb1).

Observable/mode  Current LHCb (2017) SuperB (2022) LHCb upgrade Theory
Luminosity ~ 1fb? 5fb! 75ab7! 50fb~!

o

(3 from b — ccs
Bd — J/w 7I'0
B, — JWK?

Y

|Vis| inclusive
|Vis| exclusive
|Vep| inclusive
|Ves| exclusive

Experiment:

_ Moderately precise
Theory: Moderately clean

30

LHCb can only use o1

/3 theory error By
B3 theory error B,

Need an e*e™
environment to do a
precision measurement
using semi-leptonic B
decays.
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Observable/mode Current LHCb | SuperB Belle I | LHCb upgrade theory
now (2017) | (2021) (2021) (10 years of now
5fb™" | 75ab~! 50ab~! |running) 50fb~!

7 Decays
T — py (x107%) < 44 < 2.4 < 5.0
T — ey (x1079) < 33 <3.0 |<3.7 (est.)
T — 86 (x1079) < 150 — 270 ||< 244 *|<23-8.2 <10 <24

B, 4 Decays

BR(B — 7v) (x107%) 1.64 4 0.34 0.05 0.04 1.14£0.2
BR(B — pv) (x107%) < 1.0 0.02 0.03 0.47 £ 0.08
BR(B — K*"vp) (x107%) < 80 1.1 2.0 6.8+ 1.1
BR(B — K*ww) (x107%) < 160 0.7 1.6 3.6+05
BR(B — X.v) (x107%) 3.55 4 0.26 0.11 0.13 0.23 3.154+0.23
Acp(B = Xpseayy) 0.060 = 0.060 0.02 0.02 ~107°
B — K*u*u~ (events) 250¢ 8000 | 10-15k? 7-10k 100,000 -
BR(B — K*utu™) (x107%) || 1.1540.16 0.06 0.07 1.19 4 0.39
B — K"e"e™ (events) 165 400 10-15k 7-10k 5,000 -
BR(B — K*ete™) (x1079) 1.09 £ 0.17 0.05 0.07 1.19 4 0.39
App(B— K*£7¢7) 0.27 4 0.14° s 0.040 0.03 —0.089 = 0.020
B — X £7¢ (events) 280 8,600 7,000 -
BR(B — X, £7£7) (x107%)¢ || 3.66 £ 0.77" 0.08 0.10 1.59 4 0.11
S in B — Kon% —0.15+0.20 0.03 0.03 -0.1 to 0.1
Sin B—n'K" 0.59 = 0.07 0.01 0.02 +0.015
Sin B — ¢K" 0.56+0.17 || 0.15 0.02 0.03 0.03 +0.02

BY Decays
BR(B! — vv) (x107%) < 8.7 0.3 0.2-0.3 0.4-1.0

%L (x107%) —7.874+196°| ¢ 4. 5. (est.) 0.02 + 0.01

D Decays
x (0.63 £ 0.20% || 0.06% | 0.02% 0.04% 0.02% ~ 1072 K
y (0.75£0.12)%|[ 0.03% | 0.01% 0.03% 0.01% ~ 107 (see above).
ycp (1.11 £ 0.22)%|| 0.02% | 0.03% 0.05% 0.01% ~ 1077 (see above).
lq/pl (0.91£0.17)%|| 85% | 2.7% 3.0% 3% ~ 107" (see above).
arg{q/p} (°) —10.24£9.2 4.4 1.4 14 2.0 ~ 107 (see above).

Other processes Decays

sin? O at /s = 10.58 GeV/c? |

|

| 0.0002 |

{

|

clean

7°\
SuperB
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Observable/mode Current LHCb | SuperB Belle I | LHCb upgrade theory
now (2017) | (2021) (2021) (10 years of now
5fb™" | 75ab~! 50ab~! |running) 50fb~!
7 Decays
T — py (x107%) < 44 < 2.4 < 5.0
T — ey (x1079) < 33 <3.0 |<3.7 (est.)
T — 86 (x1079) < 150 — 270 ||< 244 *|<23-8.2 <10 <24
B, 4 Decays
BR(B — 7v) (x107%) 1.64 £ 0.34 0.05 0.04 1.140.2
BR(B — pv) (x107%) <1.0 0.02 0.03 0.47 4 0.08
BR(B — K*"vp) (x107%) < 80 1.1 2.0 6.8+ 1.1
BR(B — K*ww) (x107%) < 160 0.7 1.6 3.6+05
BR(B — X.v) (x107%) 3.55 4+ 0.26 0.11 / 0.23 3.1540.23
< o
Acp(B = X(aza)y) 0.060 = 0.060 0.0 Aae~ . o ~ 1078
B — K*u*u~ (events) 250°¢ 8000 /\;((0 .\%@&\ 0,000 -
BR(B — K*utu) (x107%) || 1.15+0.16 / i \les"' 1.19 4+ 0.39
B — K"e"e~ (events) 165 \06( ée( \(\/vﬂ( 5,000 -
BR(B — K*ete™) (x1079) 1.09 \)«\ S\ 0.07 1.19 4 0.39
App(B - K*£747) 0.27\ X P‘ \)65 / 0.03 —0.089 £ 0.020
B — X.£7¢ (events) 28, (@ } 8,600 7,000 .
BR(B — X,£7£7) (x107%)¢ || 3.66 & 0.08 0.10 1.59 4 0.11
Sin B — Kon% —0.15£0.20 0.03 0.03 -0.1to 0.1
Sin B—n'K" 0.59 £+ 0.07 0.01 0.02 +0.015
S in B — ¢K" 0.56+0.17 || 0.15 0.02 0.03 0.03 +0.02
BY Decays
BR(B! — vv) (x107%) < 8.7 0.3 0.2-0.3 0.4-1.0
L (x107%) —7.8741.96"° J 4. 5. (est.) 0.02 4+ 0.01
D Decays
T (0.63 £ 0.20% || 0.06% | 0.02% 0.04% 0.02% ~ 1072 K
y (0.75£0.12)%|[ 0.03% | 0.01% 0.03% 0.01% ~ 107 (see above).
ycp (1.11 £ 0.22)%|| 0.02% | 0.03% 0.05% 0.01% ~ 1077 (see above).
lq/pl (0.91£0.17)%|| 85% | 2.7% 3.0% 3% ~ 107" (see above).
arg{q/p} (°) —10.24£9.2 4.4 1.4 14 2.0 ~ 107 (see above).
Other processes Decays
sin? O at /s = 10.58 GeV/c? | | | oooo2 | * | [ clean

7°\
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Observable/mode Current LHCb SuperB Belle 11 LHCDb upgrade theory
now (2017) (2021) (2021) [(10 years of running)| now
5fb~* 75ab”! 50ab~! 50 fb~*
a from vud 6.1° 5°¢ 1° 1° ’ 1-2°
3 from cés (S) 0.8° (0.020)0.5° (0.008)|0.1° (0.002)|0.3° (0.007)|  0.2° (0.003) clean
S from Byq — J/y7° 0.21 0.014  |0.021 (est.) clean
S from B, — J/¥K? ? ? clean
v from B - DK 11° ~ 4° 1° 1.5° 0.9° clean
|Ves| (inclusive) % 1.7 0.5% 0.6 (est.) dominant
|Ves| (exclusive) % 2.2 1.0% 1.2 (est.) dominant
|Vus| (inclusive) % 4.4 2.0% 3.0 dominant
|Vus| (exclusive) % 7.0 3.0% 5.0 dominant
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Decoding New Physics
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Observable /mode charged Higgs| MFV NP |non-MFV NP| NP in |Right-handed|[LHT SUSY

high tan3 |low tan3| 2-3 sector |Z penguins| currents AC |[RVV2|AKM |§LL|FBMSSM |GUT-CMM
T — Ly * kK| KKk *  |Kkk|  Kxk * % %
T — Ll * % % ?
B — 1y, pv * x x(CKM)
B — K®*tup * * * * * * * * * ?
Sin B — K27n% ok * Kk *
S in other penguin modes * % x(CKM) * K *kk|  Hx *  [xxx|  xkx ?
Acp(B — X) * K * Fok * * *  [kxk|  KRrx ?
BR(B — X.7) * *ox * ok
BR(B — X,£¢) ok * * ?
B — K™)¢¢ (FB Asym) * * *  [xokx| KKk ?
az; * kK * K % * % %
Charm mixing *xx|  * * * *
CPV in Charm ok * % K

» This matrix is partially comp!

point:

lete, but illustrates the

Decoding NP is not as simple as setting the mass scale for
the top was...
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The facility

» Physics dictates:
75ab~1 at the Y(4S)

lab~'at the y(3770)
+ running at nearby resonances (e.g. ~1ab~! at the Y(5S)
and some running above this)

35



Data samples available at SuperB

» Y(4S) region:
75ab~1 at the 4S.

Also run above /
below the 4S.

~75 x10°B, Dand T
pairs.

» Y(3770) region:
500fb~! at threshold.

Also run at nearby
resonances.

~2 x 107 D pairs at
threshold in a few
months of running.
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Accelerator
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» General strategy:
Very small emittance (ILC-DR)
Small * at IP
Large Piwinski angle
Crab waist technique
Currents similar to present
accelerators

» Advantages
Small collision area
No parasitic crossing
No synchro-betatron resonances
Moderate backgrounds

» Re-use, Re-cycle
Possible to reuse many

components from PEP-II
38

Accelerator Scheme

." HER Energy:

! RF lg7 GeV

;; Polarization *

* EO% fore |/ ~05m
LER Energy:
lél.z GeV

| AN LER
arc__~
HER

arc




Raimondi, Shatilov, Zobov http:// s, ‘\B
. arxiv.org/abs/physics/0702033 ““er
Crab-waist scheme \—t

Crab sextupoles OFF: Waist line is orthogonal to the axis of other beam

05
C
F

y (um) O'O[f
|,

=035

E
.
t;

T

Crab sexfupoles ON: Waist aligned with path of other beam
» particles at higher 3 do not see full field of other beam
» no excessive beam-beam parameter due to hourglass effect



Base Line Low Emittance High Current t/charm
Parameter Units |HER (e+)| LER (e-) JHER (e+) | LER (e-) JHER (e+)| LER (e-) |HER (e+) | LER (e-)
LUMINOSITY (10°) cm?s” 1 1 1 1
Energy GeV 6.7 | 4.18 6.7 | 418 6.7 | 418 | 258 | 1.61
Circumference m 1258.4 1258.4 1258.4 1258.4
X-Angle (full) mrad 60 60 60 60
Piwinski angle rad 20.80 | 16.91 | 29.42 | 23.91 | 13.12 | 10.67 | 8.00 6.50
By @ IP cm 2.6 3.2 2.6 3.2 5.06 6.22 6.76 8.32
B, @IP cm 0.0253 | 0.0205 | 0.0179 | 0.0145 | 0.0292 | 0.0237 | 0.0658 | 0.0533
Coupling (full current) % 0.25 0.25 0.25 0.25 0.5 0.5 0.25 0.25
e, (without IBS) nm 1.97 1.82 1.00 0.91 1.97 1.82 1.97 1.82
e, (with IBS) nm 2.00 2.46 1.00 1.23 2.00 2.46 5.20 6.4
& pm 5 6.15 2.5 3.075 10 12.3 13 16
oy @IP um 7.211 | 8.872 | 5.099 | 6.274 ] 10.060 | 12.370 | 18.749 | 23.076
o, @IP um 0.036 | 0.036 | 0.021 | 0.021 | 0.054 | 0.054 j 0.092 | 0.092
x um 11.433 8.085 15.944 29.732
Zy um 0.050 0.030 0.076 0.131
o, (0 current) mm 4.69 4.29 473 4.34 4.03 3.65 4,75 4.36
o, (full current) mm 5 5 5 5 4.4 4.4 5 5
Beam current mA 1892 2447 1460 1888 3094 4000 1365 1766
Buckets distance # 2 2 1 1
Buckets distance ns 4.20 4.20 2.10 2.10
lon gap % 2 2 2 2
RF frequency MHz 476 476 476 476
Harmonic number 1998 1998 1998 1998
Number of bunches 465 465 931 931
N. Particle/bunch (10'°) 5.08 6.56 3.92 5.06 4.15 5.36 1.83 2.37
Tune shift x 0.0026 | 0.0040 [o.oozo 0.0031 [0.0053 0.0081 [0.0063 0.0096
Tune shift y 0.1067 | 0.1069 | 0.0980 | 0.0981 | 0.0752 | 0.0755 F0.1000 | 0.1001
Long. damping time msec 13.4 20.3 13.4 20.3 13.4 20.3 26.8 40.6
Energy Loss/turn MeV 2.11 0.865 | 2.11 0.865 | 2.11 0.865 0.4 0.166
o (full current) OE/E |6.43E-04(7.34E-04)6.43E-04|7.34E-04)6.43E-04|7.34E-04]6.94E-04 | 7.34E-04
CM o¢ SE/E 5.00E-04 5.00E-04 5.00E-04 5.26E-04
Total lifetime min 423 | 448 | 3.05 | 3.00 | 708 | 773 | 11.41 | 6.79
Total RF Power MW 16.38 12.37 28.83 2.81

'\ r°\
SuperBSuperB
\—, u

Parameter
Table

Baseline +

other 2 options:
Lower y-emittance
*Higher currents
(twice bunches)

Baseline:
*Higher emittance

due to IBS
Asymmetric beam
currents

RF power includes
SR and HOM
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Synchroton Light properties and uses

>

Brightness [photons/sec/0.1%BW/mm 2jmrad 2]

Spectral Brightness Bend Magnet

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)

— -
NSLSII

SuperB LER
SuperB HER

APS
——ALS
ESRF

fl —— ELETTRA

—— PETRA Il

- Bend magnet

Liii i iiiiiil I YO

10° 10
photon energy [eV]

[talian Institute for Technology interests:

v v Vv Vv Vv Vv

lithography for 3D scaffolding for bio-

engineering

laser ablation on biomaterials
femtochemistry studies
photon induced growth for material science
innovative interface diffraction techniques
imaging in biomedicine
X ray microscopy

Spectral Brightness for Undulators from Various Rings for the first five harmonics.

107 -
——ima i
__,-—»‘——-\ : R ) ‘\\, f
_ NSLS Il | Ry \
% ; ‘ t
‘E‘E 10°'L : " : A .
< PETRA lll HAE g e
S ; B8 ELETTRA
o 107 Gl \ G
B B i R Sy
% Soleil APS . [
8 . \
210”1 bk 4
£ 4 3
o
3
< :
& -
2 1o ——NsLsil ‘
2 E SuperB LER i i R i E
£ SuperB HER U e :
2 ndulators
@ APS C ]
10" — PEPX T R R Recospvrranniive oo il i
Soleil i : o
Spring8
o[ ———PETRA I :
10 - '3 H l4
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photon energy [eV]
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» Several locations have
been examined
Seismic properties, water,
infrastructures, etc.
» Decision in May 2011
for the Tor Vergata
Campus in Rome.

» Full support of Tor
Vergata University for
the project

Presidenza del Consiglio dei Ministri
Dipartimento della protezione civile

Ufficio pr 2 , valutazione e mit del rischio sismico e attivita ed opere post-emergenza

Classificazione sismica al 2006

Recepimento da parte delle Regioni e delle Province autonome dell'Ordinanza PCM 20 marzo 2003, n. 3274.

Atti di recepimento al 31 dicembre 2007. Abruzzo: DGR 29/3/03, n. 438. Basilicata: DCR 19/11/03, n. 731. Calabria: DGR 10/2/04, n. 47. Campania: DGR 7/11/02, n, 5447
Emilia Romagna: DGR 21/7/03, n. 1435. Friuli Venezia Giulia: DGR 1/8/03, n. 2325. Lazio: DGR 1/8/03, n. 766. Liguria: DGR 16/5/03, n. 530. Lombardia: DGR 7/11/03, n. 14964.
Marche: DGR 29/7/03, n. 1046. Molise: LR 20/5/04, n. 13, Piemonte: DGR 17/11/03, n. 61/11017. Pughia: DGR 2/3/04, n. 153. Sardegna: DGR 30/3/04, n. 15/31.

Sicilia: DGR 19/12/03, n. 408. Toscana: DGR 16/6/03, n. 604. Trentino Alto Adige: Bolzano, DGP 6/11/06, n. 4047; Trento, DGP 23/10/03, n. 2813. Umbria: DGR 18/6/03, n. 852.

Veneto: DCR 3/12/03, n. 67. Valle d'Acsta: DGR 30/12/03, n_ 5130,

A\']}N\_nr‘” '_’ A e

Zone sismiche
(livello di pericolosita)

C - zona 1 (alto) Al

zona 2 (madio)

T, zomasst)

zona 3 (basso)

AUSTRIA

SVIZZERA

zona 4 (molto basso)
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~
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N
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TIRRENO s

®

TUNISIA
ALGERIA { MALTA
(*) Zona 3, con cbbiigo & azions ..-S dells 200a 2 ‘Eﬁm_
P2
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Detector
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S\uﬁrJBDetector starts from Babar

DIRC Standoff Box Calorimeter Module

Drift Chamber
Fabrication In AIX-LES-BAINS Assembly at SLAC 46

Electronics



Some parts from BaBar will be reused to make the SuperB detector.

Detector

HORSE COLLAR

ASSEMBLY
%
N
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~. DIRC PMT SHIELD
.
.

"

B,
5= ~
o
\'_% §W
—
—

I
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MAGNET

UFR [FR BELT

CABLES ]| || caBLES ]|: J[I

SUPERCONDICTING SOLENOID

BASELINE DESIGN

| REMOVABLE - -
HORSESHOE -

BARREL CALORIMETER

FCAL
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REV02.7
194 FR=2010
2:38pm

Baseline

@
v

0 0 mm
o
STATIONARY
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Commissioning
Detector

Circulating
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IR Hall
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Recent public documents

Conceptual Design Report:
arXiv:0709.045|

Valencia Physics Workshop Report:
arXiv:0810.1312

M Detector White Paper:
arXiv:1007.424|

Accelerator White Paper:
arXiv:1009.6178

Physics White Paper:
arXiv:1008.154|

Impact Document:
arXiv:1109.5028

Recent Review:
arXiv:1110.3901
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REV02.7
194 FR=2010

2:38pm
DEWAR

SVT i

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

1’_ MAGNET

Kevlar/carbon-fiber support rib Sidetector.

» Based on BaBar SVT:5 layers Carbon foer srcpice 20
silicon strip modules + LayerQ at
small radius to improve vertex

Cooling rin
Upilex fanouts

Hybrid/readout ICs

Carbon fiber 0 cm

support cone

resolution and compensate the old beam %" SEEEcon " new beam
pipe | pipe
reduced SuperB boost w.r.t PEPII o j]:,w !54»17«'-""}’_,9';‘00
= FCAL I/'. ///@/_ //‘ cm
B>m m, ﬁy=0.28, hit resolution =10 um = SVt U FoRpARb EPRAS —
—~ 1 = B L r=12cm /-‘,I// ! e MO
Q09 4 Lyr=16cm e BaBar |-
=y Briv » Physycs performance and back. levels set
£ 01 ng] e o |7 Stringent requirements on Layer0:
05 ﬁ:ﬁ = 1" | R~1.5 cm, material budget < 1% X,
f:-: z:_ = hit resolution 10-15 um in both coordinates
= b O] maps = Track rate > 5MHz/cm? (with large cluster
02E - i = too!), TID > 3MRad/yr
= Hybri — :
Mg Pixel ] ) 1 Several options under study for LayerQ
0 0.2 03 0.4 0.5 0.6 0.7 0.8 Laoy%rDX:, (o/o) LL' S | o
R i T o g e L o T e B T e T ey R e T T o P A A iy g e BT e R T g
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REV02.7
194 FR=2010
DEWAR 2:38pm
s T MAGNET
¢ I | |
8,
R
~ .
~
3
- ‘O{"Jr
S—

BASELINE D

§. (a) Spherical endplates design. (b) Stepped endplates design.

0 mm
/:é\%

peH -
BCAl ximcr — v " N -
[ e —— T

DESION OFTHK

=e=< Dimensions dictated by the reuse of the DIRC quartz bars from
BaBar (809mm), and SVT (236mm)

26 sense wire / 8 layer prototype
being developed to test optimisation
of the detector.

Also looking at use of cluster counting —se
to improve spatial resolution. oo

g
A T T W T st AT e g T T T R R g e D Ty ST e .




FDIRC

Re-using fused silicalbars
- Mirrors
from BaBar ~

DEWAR

BASELINE DESIGN

i

Y

DESION OFTIONS
0y DTOUEC

§ M4GNET

GEANT 4 simulation.u: s

. 194 FR=2010
of focussing blocks 235

CABLES ] || CABLES ][ J[
|
e e e S T 7 e e

SUPERCONDIICTING SOLENOID

J*

e

END FILUG

Mechanical design
being refined and
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REV02.7
194 FR=2010

* 4 Layers of 5 crystals. 2:30pm
* 4500 Crystals in total.
., Sssmany’ » 2.5em? back face (tapers to front) _
an : , -
T e PID diodes and APDs under study for signal
S readout.
1. *Various crystals under investigation: LYSO is
~ 390, %’w‘ the baseline. et
; . 7DD
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24113198 Z N_IA AV X l.‘ ] \ 4 N by
CsI(Tl) Barrel calorimeter AP
from BaBar Highly segmented endcap A f“'j-}‘,*

By
23
/.&é

” Optional backward calorimeter
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Precision CKM constraints

The "dream" scenario with 75ab!

» Unitarity Triangle Angles \= 0.6[
o(a) = 1-2° :
o(B) = 0.1° 0.5)
o(y) = 1-2° -

» CKM Matrix Elements 04
[Vl 0.3

Inclusive o = 2%
Exclusive o = 3%

0.2~

|Vcb| N

Inclusive 6 = 1% 0.1F

Exclusive 6 = 1% "
Vsl of

Can be measured precisely using t decays. [ A\ BR(B—1v) / UTf¢

-ll lllllllllllllllllll Illlllll

[Veal and [V 0337 0o 01 02 03 04 05 06

can be measured at/near charm threshold. D

» SuperB Measures the sides and angles of the Unitarity Triangle.
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SuperB
Physics programme in a nutshell

» Versatile flavour 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.
Polarised e~ beam benefit for T LFV searches (unique feature).

Charm threshold running adds many more observables, and improves
potential of SuperB (unique feature).

Measure angles and sides of the Unitarity triangle.
Measure other CKM matrix elements at threshold and using t data.

» SuperB is working on a TDR for 2012.

» Will be followed by a physics book some time later.
Plenty of open areas for newcomers to work on!
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LHC Results on SUSY (slide from A. Cakir, Lomonosov XV)

Interpretation of the Physics Results for Summer 2011

SUSY-PAS-11-016

Observed exclusion limits from several 2011 CMS SUSY searches plotted in the CMSSM
(mg, myp;) plane

700 CMS Preliminary Ns=7TeV, [Ldt=11b" K,

— T I T T T | T T T I T T T I T T T ]

RS —2011 Limits B COF 7.3, 5.0 ] '\9

% ===:2010 Limits DO 2.7 e300 7 j4cip 64.

a N LEP2 5 a miss
% =10, A,=0. p>0 E % 1 Jets+Et N ‘ » Search
N LEP2 T ] o
=3 - o @6 5= OS Search
SS Dilepton fxo00 b
o

"VAlan CAKIR | Searches Supersymimetry with the CMS Experiment | 22 August 2011 | Pagez1 | DESY |

\ ~
158 Lomonosov Conference on Elementary Particle Physics, Moscow, Russia ‘ e
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So far no evidence for
SUSY.

The SUSY mass scale is
now looking likely to be
above | TeV.

This has interesting
implications for some of
our measurements.

We need to make sure
our benchmark
processes and assumed
scales are still valid as
these contours are
updated.
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Trajectory of
CMS SM Fits

i How have best-fit S
CMSSM points evolved? | ‘?" ;
How would they evolve if SUSY i’
s B

1s not discovered 1 in 2011/2‘7

LH( ) 111111t l W 1th 1 or 2/fb

Ple LHC

Need to re-introduce neglected parameters
(ignored because of the curse of dimensionality).

Should use flavour data to constrain NP, currently
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SPE1A
Bench B”
« Alanach pre LHC
+ Alanach CMS ,
4 Allanach 35pb!
+ Bertons 35pb”
+ Fittino pre LHC
4 Fittino 35pb"
O Fittino 1y
O Fittino 21b*
o Fittino 71b"*

If no SUSY
with 7/fb

800 1000
osusy MM RS

only a sub-set of observables are used.

... and small tanf is dead.
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