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What is SuperB?
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* Asymmetric energy e*e- collider
* Low emittance operation (like LC)
* Polarised beams
* Luminosity 10% cm2s-1
» 75ab! data at the Y(4S)
« Collect data at other Vs

« Start data taking as early as 2015

* Crab Waist
technique
developed -
to achieve these goals

—

* International Community

Geographical distribution of CDR signatories.

Precision B, D and 1 decay studies and
spectroscopy

* New Physics in loops

— 10 TeV reach at 75ab-1

— Rare decays

— AS CP violation measurements
* Lepton Flavour & CP Violation in T decay
* Light Higgs searches

 Dark Matter searches

http://web.infn.it/superb/index.php/home




SuperB

* Aims to constrain flavour couplings of new physics
at high energy:

— Refine understanding of nature if new physics exists at
high energy.

* We need to test the anzatz that new physics might
flavour blind:
— Case 1: trivial solution = Reject more complicated models.
— Case 2: non-trivial solution - Reject flavour blind models.
Quarks and neutrinos have non-trivial couplings. e,g, the CKM matrix

in the Standard Model of particle physics. How far fetched is a trivial
flavour blind new physics sector?

_id
yt (1 _y? ) C12C3 $12613 S13€ d
w _ (- = 1 _ _ io _ i0
J' = (u c 1 ) 81263 = C1253513€ C12Cr3 = 812823513€ §»3Cs (| S
2 s o
812873 = €5C)3815€ _012S23 — 51,C3815€ Cr3C13 b
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SuperB

* Aims to constrain flavour couplings of new physics
at high energy:

— Refine understanding of nature if new physics exists at
high energy.

* We need to test the anzatz that new physics might
flavour blind:
— Case 1: trivial solution = Reject more complicated models.
— Case 2: non-trivial solution - Reject flavour blind models.

LHCb, SuperB
e.g. MSSM: 124 ( s Ag —ptan3) (A%)LL (A% LR (AL (A% LR \
(160 with vg) '

(AYS)RR (AY3)RL (AY3)RR
couplings, most Mg = (s — ptanB) | (A% L (AL LR
are flavour

related.

AL L (AL RR

Ap — ptan 3)

A's are related to
NP mass scale.

March 2008 Adrian Bevan 6
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SuperB

* Aims to constrain flavour couplings of new physics
at high energy:

— Refine understanding of nature if new physics exists at
high energy.

* We need to test the anzatz that new physics might
flavour blind:

— Case 1: trivial solution = Reject more complicated models.
— Case 2: non-trivial solution - Reject flavour blind models.

— If the LHC doesn't find new physics: SuperB indirectly
places constraints beyond the reach of the LHC and
SLHC.

March 2008 Adrian Bevan 7



SuperB

* The measurements to be made at SuperB fall into
two categories:
— New physics sensitive goals of the experiment

« Some of these physics processes will be discussed in
amoment:B,D, T1,Y, ....

 This is why we want to build SuperB!

— Standard Model calibrations (I won't talk about this)

* This is how we validate our understanding of the
detector: repeating measurements done by BaBar/
Belle and LHCD.

* The equivalent of doing W, Z and PDF physics at
ATLAS/CMS.

March 2008 Adrian Bevan 8



Case studies:

1. Lepton Flavour Violation: T decay as an example of many LFV measurements possible at SuperB.
2. Charged Higgs: what do we know; what will LHC tell us; what does SuperB add?

3. Neutral Higgs A0: what can the flavour sector add to high p; searches?

4. AS measurements: high mass particle interferometry.

Physics Case in the LHC era

Why is SuperB experiment relevant when we

have the energy frontier experiments and
LHCb?

What is the minimum data set to make sure
that we are doing something sensible?

March 2008 Adrian Bevan 9



Lepton Flavour Violation (t decay)

e~ beam polarization D
= Lower Background | g 1ic SuperB Sensitivity
107 ¢ s 724 % : :Z:S;iooz (75ab-1)
: E: I
e A : o rdlrect limite Process Sensitivity
zr 24
06 4 3 I L :: 3 1 :i ‘ SuperB g B(T —y A/) % 10—9
| 5 2 3 2 3 - '
? i 45:41 (&4 /l-;//_m Lij/) ; | Y 3 z B(T_>€f\/> 2><1O
2 / w7 v 5% 3 s =
wrp 5 = 4 2 S T L Bt — ppp) 2x 1071
774 L“G/M st ~10
~ B(t —eee) 2 x10
| S /||
10_8;‘ BN\ NN B\ @ B NN B(T — LLT}) 4 % 10_10
bbb 8 b g kY 2x20

uy ey un umn en en nn® er® epp g thh  (hh' uK; eK; Anm AK

« LHC is not competitive (Re: both GPDs and LHCDb).

« SuperB sensitivity ~10 — 50x better than NP allowed

branching fractions.
May 2009 Adrian Bevan 10



Lepton Flavour Violation (t decay)

e~ beam polarization D
= Lower Background | g 1ic SuperB Sensitivity
4 PDG 2002 -1
107k 2 % ‘ § 4 Dabar (75ab )
: E I
: “T e :KT: (ndirect lmits Process Sensitivity
I RN/ 774
106 4 3 I . ‘_:: . 774 :,% ‘ SuperB Y B(T . ,LL"}/) 2% 10~
E -~ T 3 § :z E 3 § < =03 e )
5 R T B P 3, % 3 B(t —evy) 2x10”
2 By 72774097/ 2 4 , 3 3 b =
TSI B P B(t — ppp) 2x 1071
7 A _2’4/%%/ i n
~ B(t — eee)  2x 10~
10°F T ~ ad B RN B(T — ,LL’I7) 4 x 10~
bbb b o) 2xan

uy ey un umn en en nn® er® epp g thh  (hh' uK; eK; Anm AK

« LHC is not competitive (Re: both GPDs and LHCDb).

« SuperB sensitivity ~10 — 50x better than NP allowed

branching fractions.
May 2009 Adrian Bevan 1



Lepton Flavour Violation (t decay)

« T—uy upper limit can be correlated to 6,5 (neutrino mixing/CPV, T2K etc.)

and also to u—ey.
it SUSY seasaw = CMSSM + 3vg + ¥
Herreo et al. 2006

« Complementary to flavour

108 ¢ :
. . . E SPS1a :
mixing in quarks. 5] 10 Gev,mg = 10" v (
£ my, =107 eV 2
 Golden modes: oy 0% [6,] < /4 / g
. F 0<|0y <m/4 . §
— t—>uy and 3u. o gl B0 ) A oy
. : T g A
* € beam polarization: 2 el
— Lower background & E e
= AZ et TR . N, T M N3. T EY U P8Y
— Better sensitivity than L et
g [ SRg 0., = :3° 1
competition! 1014 | S mi0Poev |00= 5 .|
ot mys = 102Gev e 7 013 = 10" - |
e polarization may be used later R L e R
In programme. BR (1Y)
« CPVin ‘E%KSJ‘W at the level of ~10-°. Process Expected 90%CL 40 Discovery
_ upper limited Reach
* Bonus: B(r — pv) 2x107° 5 % 1077
— Can also measure t g-2 (r = n7) 8 0
B(t — ppp) 2 x 10710 8.8 x 1071

(polarization is crucial).

— 0(g-2) ~2.4 x10° (statistically Use u y/3l to distinguish SUSY vs. LHT.
dominated error).

May 2009 Adrian Bevan 12



Lepton Flavour Violation (t decay)

« T—uy upper limit can be correlated to 6,5 (neutrino mixing/CPV, T2K etc.)

and also to u—ey.
it SUSY seasaw = CMSSM + 3vg + ¥
Herreo et al. 2006

« Complementary to flavour

108 ¢ .
. . . f  SPS1a
mixing in quarks. ol =10 Gev,my; =10 Gev
F m.=10"eV
* Golden modes: 10| MEG (now)
— t—uy and 3. Sl mo g
L T
* e~ beam polarization: 2 12l
— Lower background R
— Better sensitivity than 10 —
competition! 1014 | B =10 Gev 10
e mys =102 Gev ™ -7 10" - 1
- e* polarization may be used later R L e R
In programme. BR (1Y)
« CPVin ‘E%KSJ‘W at the level of ~10-°. Process Expected 90%CL 40 Discovery
_ upper limited Reach
Bonus: B(t — puy) 2x107° 5x 1077

— Can also measure t g-2

e : B 1) 2x 1071 8.8 x 10717
(polarization is crucial). (T — ppp) 2x1 X

— 0(g-2) ~2.4 x10° (statistically Use u y/3l to distinguish SUSY vs. LHT.
dominated error).
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Lepton Flavour Violation (t decay)

« T—uy upper limit can be correlated to 6,5 (neutrino mixing/CPV, T2K etc.)

and also to u—ey.
it SUSY seasaw = CMSSM + 3vg + ¥
Herreo et al. 2006

« Complementary to flavour

108 ¢ .
. . ' SPS1a !
mixing in quarks. ol =10 Gev,my; =10 Gev 5
' m.=10%ev ‘ '
« Golden modes: 10| MEG (now)
— t—uy and 3. e il g
L T
* e~ beam polarization: 2 12l
— Lower background R
— Better sensitivity than 10 —
competition! 10714 | S my< 10 Gev 10
e mys =102 Gev ™ -7 10" - 1
- e* polarization may be used later R T e S wat
In programme. BR(1— 1)
« CPVin ‘E%KSJ‘W at the level of ~10-°. Process Expected 90%CL 40 Discovery
_ upper limited Reach
Bonus: B(t — puy) 2x107° 5x 1077

— Can also measure t g-2

e : B 1) 2x 1071 8.8 x 10717
(polarization is crucial). (T — ppp) 2x1 X

— 0(g-2) ~2.4 x10° (statistically Use u y/3l to distinguish SUSY vs. LHT.
dominated error).
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mg = 300GeV BLUE
mg = 500GeV RED

0.15 |

0.1 |

01 -0, . : : : different features, and

Lepton Flavour Violation (t decay)

* SU(5) SUSY GUT Model (arXiv
:0710.5443, Parry and Zhang).

» Model has non-trivial SUSY squark
couplings.

 Current BS mixing measurement
favours B(t=>uy)>3X109,

* Need SuperB to probe to this
sensitivity.

N.B. Different New
Physics Models have

different hierarchies!

March 2008 Adrian Bevan 15



Lepton Flavour Violation (t decay)

BR (T—WNY)

* SU(5) SUSY GUT Model (arXiv
:0710.5443, Parry and Zhang).

1e-06

1e-07 ERE
2 » Model has non-trivial SUSY squark
. couplings

 Current BS mixing measurement
favours B(t=>uy)>3X109,

1e-09 |

* Need SuperB to probe to this
sensitivity.

T

1e-10 | ” .

1e-11

T

N.B. Different New
S | , 1 , , 1 Physics Models have
180 -135 -90 45 O 45 90 135 180 different features, and
¢SNP [degrees] different hierarchies!

March 2008 Adrian Bevan 16



Lepton Flavour Violation (t decay)

* SU(5) SUSY GUT Model (arXiv
:0710.5443, Parry and Zhang).

» Model has non-trivial SUSY squark
couplings

 Current BS mixing measurement
favours B(t=>uy)>3X109,

DA

BR (T—-NY) /BR (1eY)

* Need SuperB to probe to this

0.01 sensitivity.

0.001 A
-180 -135 80 -45 D 45 90 135 180

¢5NP [degrees] N.B. Different New

Physics Models have
different features, and
different hierarchies!

March 2008 Adrian Bevan 17



M, (GeV)

M, (GeV)

CMSSM: LHC/SuperB complementarity

400 T
390
o Blue = LHC:
360
” » Will be able to measure m(A) [CP odd
330 Higgs mass]
:fg N— » Poor sensitivity to tan [ratio of Higgs
300 1 vevs]
10 20 30 40 50 60 70 U .
ang *POOr sensitivity to A [coupling]
400
390 Red=LHC+EW/Low-energy
- constraints (includes SuperB):
360 Observable Constraint theo. error
350
340 RpRr, . 1.127 £ 0.1 0.1
330
e Ran, 0.8+0.2 0.1
310 BRj ., (3.5+0.35) x 108 | 2x 1079
oo w0 w00 700 -600  -500  -400  -300 R 0.84+02 0.1
A (GeV) BR,—
Aa, (27.6 £84) x 1071° | 2.0 x 10710

Current analysis of data prefers MSVSY | 80.392 +0.020GeV | 0.020 GeV

tanf~10. sin? 65YSY | 0.23153 +0.00016 | 0.00016
March 2008 M; " (SUSY) > 114.4 GeV 3.0GeV




M, (GeV)

M, (GeV)

400
390
380
370
360
350
340
330
320
310
300

400
390
380
370
360
350
340
330
320
310
300

-1000 -900 -800

Current analysis of data prefers
tan~10.

March 2008

CMSSM: LHC/SuperB complementarity

Blue = LHC:

» Will be able to measure m(A) [CP odd
Higgs mass]
 Poor sensitivity to tanf [ratio of Higgs

10

60

o) vevs]
ang *POOr sensitivity to A [coupling]

Red=LHC+EW/Low-enerqy
constraints (includes SuperB):

» Can build on the m(A) measurement
to measure tanp.

-700

-500

Again LHC and SuperB are

-300

A (GeV) complementary experiments. Each

can contribute significantly to the
knowledge of new physics.
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Charged Higgs: B~ — 7 v

« Within the SM, sensitive to

lo
fgand [V, |: Bsy~1.6x104.

- B affected by new physics.
— MFV models like 2HDM / MSSM. 2

T
— Unparticles. Gim,m’ m;
i Bf(B" = 1'v,) = S ( S 2y, P
* Fully reconstruct the event (modulo v). 4 B
-4 1000 — ——
Bya =(1.73£0.35)x10 2HDM|
>400 - 8007 -
3350((a) ]
2 3oo§— 5 .
©250F Signal 3
3200;_ " in 400 —
S15057 4 :
011002 Background 2001 ]
. 58; { ./////// o — — 00
axivosoessss O 0.25 0.5Eo.75( K v ot s e 2342 1000
€ i -G, Si (())lfiJ arXiv: .
JU|y 200y =CL Adrian Bevan 'l\JAr?rial\rAti.c(I;e.sl: R(’j Zwic)liy F?IZ{E)O7$?E)7376004 (2008)



Charged Higgs

« B-factory searches competitive with LHC era: e.g. 2HDM

Existing Constraints from BaBar and Belle.
Combined Higgs search constraint from ATLAS: arXiv:0901.1502

600

Converted constraints expected from

500}
L ATLAS onto the plot by hand.

95% C.L. exclusion sensitivity
CDFRunll J
557 Excluded

100F [ Jsom™

10!

: [ R
0 Scenario B ATLAS l
0 10 20 30 40 30 60 70 90 110 130 150 170 200 250 400 600
tan,B m, [GeV]
U. Haisch 0805.2141
Adrian Bevan 21
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Charm equivalent: D,*— u*v, t*v

Charged Higgs

B-factories have 1.5ab! of data.

° H |ggS med | ate d M FV ATLAS sensitivity sketched from combined senS|t|V|t¥ plots

in arXiv:0901.0512. b

.1
T = W)
BSM
(Assuming SM branching fraction is measured) y
St 2HDMHIL =(1_tanz/3m_g) <
= | @ 75ab" " =
- 5 2ab-1 i
25 :— LEP mH>79.3 GeV

= ATLAS 30fb™"

0.5

0 0 -
10 20 30 40 60 70 80 10 20 30 40 50 60 70 80

tang tang

* Multi TeV search capablllty for large tanp.

* Includes SM uncertainty ~20% from V , and fg.
March 2008 Adrian Bevan 22



AS measurements

* B=(21.1£0.9)° from Charmonium = 5 o discovery
decays. § possible
; (extrapolating from today) _
..................... e
* Look in many different b—s and — K N
b—d decays for sin2f deviations — ]
from the SM: _, o KO ~
ASNP = Serfr — Sezs — ASsm — K -
* The golden channel is: — KKK -
| o K, -
| oK, -
. o L e i
. i ¢,77 , (KK)CP ..................... {_»J/w{om ......... —
B g | D*D" -
d\\ S KO D'D’ e -
d ..|...i..||...|.|.|..||]...|.|...|
- Deviations would be from high A2 08 08 04 02 02 04
mass particles in loops: H, ¥, ... (S ~Sa )
May 2009 Adrian Bevan 23
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AS measurements

« The SM uncertainty is
strongly mode dependent.

 (Golden modes have to be
well measured and
theoretically clean.

* Prefer to also have robust
constraints from more than
one theoretical approach.

* Precision measurements of
the reference Charmonium

decay also have a small SM

uncertainty.

KKK -
£0(980) K° st Not including LD amplitude
m---
p" K’ ———
_—_ ____________________________________
o K’ —
______________________________________ g_—._"_-______
K} —_
______________________________________ E-_-------------------
28 —
______________________________________ -_
1 1 1 1 | 1 1 1 1 I 1 1 1 1 _l 1 1 l 1 1 1 1 l 1 1 1 1
0.3 -0.2 -0.1 0 0.1 0.2 03

Theory uncertainty: A S,

I QCDF, Beneke et al., PLB620 143 (2005)

SCET/QCDF Williamson and Zupan PRD 74 014003 (2006)

|| QCDF Cheng, Chua, Soni PRD72, 014006 (2005); PRD 74 094001 (2005)

Il 5U(3) Gronau, Rosner, Zupan PRD74 093003 (2006)
I QCDF Buchalla, Hiller, Nir, Raz, JHEP 09, 074 (2005)

Li and Mishima PRD74, 094020 (2006)

May 2009 Adrian Bevan



AS measurements

= \We were reminded that we should
be careful with what we compare:

= NP could affect ccs sin2f.

1) Predict sin2p from indirect constraints.
[sin(28)]Predeton = 0.87 4 0.09 .
no Vb

2) Compare to ccs measurement.
[sin2f]_ =0.672x0.023 1

3) Compare to clean penguin measurements.
[sin 2 B8] =0.58+0.06

b—s—penguin

(or the average of the two)

Are these 2.1-2.70 hints
for new physics?

Lunghi and Soni, Phys.Lett.B666 162-165 (2008).

...........................

> 5 o discovery
possible

(extrapolating from today)

.............................

}
IIIIII'II]lIIIlI]IlIIll]IIIlI

-
|
|
|

[=2]

WLy

Buras and Guadagnoli Phys Rev D 78 033005 (2008).

= Can theory error be reduced for

other modes?
May 2009 Adrian Bevan
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Standard Model measurements.

Ra re C h arm Decays . Mode Observable  Y(45) »(3770) (@)
: (75ab=1) (300 7Y O
Observable B Factories (2 ab™')  SuperB (75 ab™!) 1 month at w(3770) DO — K+n— 22 3% 10-° m
sin(28) (J/¥ K°) 0.018 0.005 (1) , o, -
cos(28) (J/1 K*°) 0.30 0.05 —_ Y 7x 10 3
sin(26) (Dh?) 0.10 002 Channel Sensitivity Do K+K- yop 5% 10-4
o o o D’ —ete”, D" — pty 1x 1078 D°— Kr+n~ e 49x107* <
S(D*D") 020 003 D° — 7O%ete, DO — 7Out 2x 1078 Yy 3.5x 1074 ;'
S(6K°) 0.13 0.02 (¥) 0 ot 1O - a9 10-8 . 2 .
S(/K®) 0.05 0.01 (¥) D neve s D> - R §x10 |q(p| 3 xlio -}
S(K°KOK?) 0.15 0.02 (%) Db — ]\‘SE+E*_ D — ]\‘glﬁlf 3Ix 1078 . @ 2 (e
o - on Dt~ xtete, DY —wtuts 1 1070 o0 ~D'D" (1-2)x10°
S(’fOI\:E) 0.12 0.02 (+) Y (1-2) x 10~
_ cos & 0.01-0.02)
+ (B = DK, D— CP cigenstates) 15 25° DO — ety 1x 1078 (
7 (B — DK, D — suppressed states) ~12° 2.0° D+ . 7‘—+€i,‘1¢ 1x 10_5
Y (B = DK, D — multibody states)  ~9° L5 " )i 2 108 .
¥ (B — DK, combined) ~E 120 — e 2 x
e oLt ... | See CDR and Valencia report
, . — et p :
a(B—rm) ~ 16 3° -
» 0 0,4+ -8
= D0 Ketys 3x10 for details of the SM
a(B—pr ~12 2
a (combined) ~ 6% 1-2° (x)
b pi— ke 1xue | Measurements and other
2+ (DOEr%, DHKOr) 2° 5 i
——— ———— . Dt = ptut, DY — K ptpt  1x 1078 =
Val (exchive) () 0% () e e v poss|b|e NP searches.
|Veo| (inclusive) 1% (%) 0.5% () Dt = r7e JIa Dt — K e 7 1x 10
|Vip| (exclusive) 8% (¥) 3.0% (+)
|Vae| (inclusive) 8% (*) 2.0% (*)
B(B — tv) 20% 4% (1) -
B(B — ) visible 5% —_————————— Observable Error with 1 ab™  Error with 30 ab™
B(B — Drv) 10% 2% Process Sensitivity AT 0.16 ps? 0.03 ps?
N b 10-9 07 ps! . 51
B(B = p) 15% 3% (1) B(r— py) 2x10 r 0.07 ps 001})‘
B(B — wy) 30% 5% B ( r—en ) 2 % 10-¢ s from angular analysis 20° 8¢
Acp(B — K'y) 0.007 (1) 0.004 (1 *) ! 10 ) EL 0.006 0.004
B = pn) 210
Acplb— 87 3 A ) ; . _ 10 B - B
Acpl(b— (s +dyy) 0.03 0.006 (4) B(r —eee) 2x10 B(Bs — ppu™) - <8x107°
S(K°r%%) 0.15 0.02 (¥) B(r — un) 4 % 10-10 Via/Vid 0.08 0.017
S(p™) possible 0.10 / 3 O 8¢ o7
B(r — en) 6 x 10710 l;“fs J') ‘ 31:)'/? ‘;
Acp(B = K*10) % 1% o e nel0 B, from J /1 ,
AFB(B — Keth)s 259 o1 B(r = (Kg) 2x10 B, from B, — K°K® 240 e
AFB(B — X,ll)sy 35% 5%

B(B — Kvv) visible 20%

B(B — mvir) possible Ad ri a n Beva n 26




Golden Matrix

* No one smoking gun... rather a ‘golden matrix’.

H-+—
high tan 3

MFV Non-MFV NP Right-handed LTH SUSY

Z-penguins _currents ... T other generic models

B(B — X.v)
Acp(B — X.7)
B(B — 1v)
B(B — X.t)
B(B — Kvp)

SKs)l’o’)‘

The angle 3 (AS)

L-CKM

L

M
L

M
M

M
M

M M

L

L-CKM L

L = Large effect.

M = Measureable effect.

CKM= Precision CKM (from
SuperB) required.

T — py
T — Jujift

L

L
... + charm + spectroscopy (DM /Light Higgs etc).

* Need to measure all observables in order to
select/eliminate new physics scenarios!

Mode . foenii“lvitym - ‘The golden modes
~ t - : « - -
o T o - will be measured by SuperB.
— s 0 0 0 < - -

Acp(B — X.y) 0.037  0.01 0.004-0.005 * 'smoking guns’ for their models.
B(BT — rtv) 30%  10% 3-4%
B(BY — utv) X 20% 5-6% *Measurements not yet made are denoted by X.
B(B — X T17) 23% 15% 4-6%
App(B — X1 )5, X 30% 4-6% Wi A1

' *With 75ab-! we can
B(B — Kuvm) X X 16-20% .
S(K%7%) 0.24 0.08  0.02-0.03 * Reach above a TeV with B— tv

* See B—Kvv
May 2009 Adrian Bevan 27
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Accelerator Aspects

How can we obtain a data sample of 75ab~1?

Adrian Bevan
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Target Integrated Luminositx

«  Why at least 75ab-" of data?

— II\/Ianydof these new physics searches become systematically or theoretically
imited.

* e.g. time dependent asymmetry measurements with b—s penguin decays).

— This data sample represents almost two orders of magnitude larger sample than
current experiments.

« The current B-factories have over 1ab-' (combined) on disk/tape.
« Will record a total of ~1.5ab".

— Ensures that if new physics is found (e.g. in LFV) that one can start to perform
rudimentary measurements of such phenomena.

« 10ab™ of data is sufficient to start to constrain models of LFV in t decays.
* Need more than this to ensure discovery.

— Will be able to start measuring parameters in Vg (if SUSY exists), or constrain
Multi TeV energy level NP in your favourite scenario.

« Strong constraints on NP that complement the LHC direct searches!

— Wil be able to test for light Higgs/dark matter particles and lepton universality by
running at the Y(3S) resonance [hundreds of fb-! from a few months running].

March 2008 Adrian Bevan 29



How to get increased /£

rote (1,9
2er (7*
J

Hﬁ/

Lorentz factor,

classical e- radius and Beam current: | Reduction factor from
) . beam-beam parameter: § crossing angle and the
ratio of beam sizes . :
vertical p function at IP hourglass effect

Option 1: Brute Force.

— Increase beam current.
— Decrease f%,.
— Increase beam-beam effect g (reduce bunch length).

(Hard — but possible — to do all of this efficiently)

March 2008 Adrian Bevan 30



How to get increased /£

a3 R

\
Y
Ic':; rsesr;:;If?;tS;,dius and Beam current: | Reduction factor from
tio of b . beam-beam parameter: g crossing angle and the
ratio of beam slzes vertical § function at IP hourglass effect

P. Raimondi’s
» Option 2: Large Crossing Angle. Crab Waist
— Have a 15mrad crossing angle of beams. ECITEEDS
— Focus beams at IP (small *).
— Retain longer bunch lengths.
— Rotate colliding bunches so no geometric loss at IP.

 Align the focussed parts of bunches that cross each other at the IP.
Call this “Crab Crossing/Waist”.
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F.Forti, Hadron 07 (Oct 2007)

Large crossing angle, small x-size

1) Head-on, Overlap region 2) Large crossing angle,
Short bunches long bunches
T (1) and (2) have same / x
e b Luminosity, but (2) has 0z
l longer bunches and /
con smaller o, 20

With large crossing angle the x Large Piwinski angle:

and z planes are swapped @ = tg(6)o,/o;

y waist can be moved
along z with a
sextupole
on both sides of IP
at proper phase

“Crab Waist”




Crab waist tests at DAD®NE

Crabbing on Crab sextupoles give luminosity
improvement of roughly factor 2.
(Factor of 4 achieved in latest run!)

Luminometers
e” sextupoles on
Transverse beam sizes at

e sextupoles off ﬁ.osaa
Synchrotron Light Monitors

-/ Orientation [
113 .
1250~ Roundness
1.200-W 0.193
1.150-
1.100- coupling %
e 1 F(|)816 1.153E45
341707 34270 . 1.153E+5

Positron

Crabbing’ ff

I

Orientation

d o~ o 0.300- Roundness
0.800- 0.250- 0.215
0.600- 0.200- U_M_L'l_v_fw'llmn_knﬁ" coupling % |
0.400- 0.150-, |
341704 341704 34270 1.381 1.864E+2

P. Raimondi (INFN-LNF)
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PARAMETERS J.Seeman @MiniMac

LER/HER

1k 2.80/2.80
Ny | 5550555 | 4.3714.37

e, 0.007/0.002 | 0.005/0.0017 | 0.004/0.0013 | 0.004/0.0013
e, 014/0.14 | 0.125/0.126 | 0.091/0.092 | 0.094/0.085

RF stations

RF wall plug
power

Circumference

Perugia June 15,2009 Marcello A. Giorgi 34
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LNF option
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From J. Dorfan report of MINI MAC April 24,2009

... “Min1-MAC now feels secure 1in
enthusiastically encouraging the SuperB
design team to proceed to the TDR phase,
with confidence that the design
parameters are achievable™

Machine 1s possible!
The 2 rings can be built largely with the components of

PEPII:
Magnets and RF stations.

Perugia June 15,2009 Marcello A. Giorgi 37
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Reuse
from
BaBar
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Tracking

T SILIcON VERTEX TRACKER .

BaBar DCH Design
» Adequate performance.

e | H = TIL oo aas | _ e « Needs to be replaced
~ — <: BaBar Beav Piez|  gs the existing detector
® Baseline: use an SVT similar to the Babar one, T I oeampipe 0.50m 1S agmg'
o N ceampips 1em

complemented by one or two inner layers. : v
12— Bl beapips 1.5cm

. Cannot reuse because of -
radiation damage N '\

- .
®  Beam pipe radius is of paramount importance os |- V\
e  inner radius: 1.0cm, i I BABAR
. ius: -
layer0 radius: |.2cm, ; wf l\

L] thickness: 0.5% Xo
ol B
# SUPERB
THERMAL SIMULATION

Al sigma (ps)

EucenNIO PAOLONI

HAaprown O7: FRAGGATI, 12 Oar

Slide taken from a talk by E.
Paoloni @ Hadron 07
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All Pixel SVT Concept

* Use INMAPS chips for a 5 layer
all pixel vertex detector.

— Adapt well understood leading STFC
funded design to use with SuperB.

— Common infrastructure for sub
-system.

— Physics studies required to
understand performance (in
progress) as part of detector
optimisation.

— UK has world leading expertise in this 20/cm @

area.

— Building on expertise and
developments from SPiDeR and
CALICE, LCFI ...

— Concept well received by SuperB.
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Particle |ID

* Detector of Internally Reflected Cherenkov light
(DIRC) works extremely well.

« Aim to reuse this principle with state of the art

readout.
L D D N D
120 separation at 1.5 GeV/c
O 0-84F . R
D 2 GeV/c
0.82
0.8
0.78 "
j'..7...1....1....l....l....l....l....
’ o 15 2 25 3 35 4 45 5
| J/ " w4 P p(GeVic)
o N/ / B Can benefit from reducing the volume of water
I’Bar]{ / ’~|, g _/"I
E— ;o\mﬁw"m y~ StandoftBox between the end of the quartz bars and the
p’ ssom ——F- 1A7m | photodetectors (PMTs) at SuperB.
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Calorimeter Barrel

Calorimeter Barrel is more than sufficient for our

needs. .
*Fast enough signal output for the

expected rates at SuperB

*Not suffering from any signs of
radiation damage, having been used

5) / in BaBar since 1999.

BE :i_fjl@jl.\\_\ y / / / / / |
///AF’.' % ﬁ /-—:’-—- /Wﬁl-

‘f\\\\x \WiriizzzzZZ

(1)
‘r

Jox

o~ -
o) . o~ 1 -
D) Gy P 8-
/ —_;7’"/
OOy
T (W
0
6 {\'j{‘)"’)x \‘\

BACKWARD END FORWARD END 43




Calorimeter End-CaE

 BaBar End-Cap doesn’t have a
fine enough granularity for
rates at SuperB.

— Need a finer segmentation.

— Similar total X,.

— Faster readout electronics.

— Several candidate materials

20| | 15|

Im

for End-Cap replacement. BaBar Calorimet
* LYSO is baseline
— expensive at the moment (~ ' s
$40/cc). - SIC BGO

— Aim for $15/cc.

— Need to integrate into the
existing Barrel, and optimise
segmentation.

— R&D underway toward a
LYSO Calorimeter test-beam
in ~2009.

~ CPILYSO

2.5x2.5x20cm (18 X,) Bar
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Instrumented Flux Return

- BaBar has 5 radiation lengths of material for u identification in the
flux return.
— This is not optimal.
— SuperB will have more iron.
« The segmentation of active regions of the flux return will remain the
same as BaBar (3.7cm pitch).

e 7-8 IayerS of MINOS Style scintillator bars. ATTENUATION LENGTH MEASUREMENTS FOR 5 CASES

Tofusad s T TT

800

a CURVE IS FIT TO
AT EXPONENTIAL

Avg Min. lonzing paak (ADC)
Iy /Z
)

P e W CASES485
— s
S W oy
e iy,
e i, T T
~e__ " case2 |
MINOS PRODUCTION BARS SHOWING 4 x 1 em? - e CASE1
CROSS SECTION WITH CO-EXTRUDED Ti0; AND
GROOVE FOR WLS FIBER || NI S P L
0 50 100 180 200 250

: i ¥ Distance from PMT (cm)
optical epoxy ‘ ‘alumlnlzed Mylar tape anca irom cm)

, -
[ ]T
A

scintillator

2cm
14 cm
10 cm
10 cm

26 cm
26 cm

45

A

41 mm



Detector Simulation

* Simulation:

— FastSim (validated on using geometry for BaBar)
» Reproduces BaBar resolutions etc.

« Change to SuperB geometry and boost for development of
benchmark studies.

e Then move to GEANT 4 for more detailed work.

Homogeneous

— GEANT 4 model of =
s~ DCH
SuperB shown. y ~.§TW

)
|

~ —— gglorimeter

geneous

— Using BaBar framework.
— Draw on a decade of analysis
experience from BaBar and
Belle to optimize an already

good design.

Cylindrical
IFR
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Timeline of the project

Funding deAcision expected end 2009/start 2010

Time-line is non-linear

) v
Q A7 - A7
'% % A lot of progress in 7,::%0 @':0, /\'% 0;7 Within the UK: Sol & 0{’\
/(% understanding the physics 60 17, 4%0 o) G% % to complete R&D, Q%%}
N motivation, and how to ?oa QOQ 2N c‘% %.C and to build the % ©
’83@ achieve a sensible luminosity e % . /)'53@/ experiment. )

2, % S %
% cr O
% & ®
g %

Prior to 2005, there was no clear way to achieve an interesting data sample on
an interesting timescale (£ < 1036 cm=2s1).

Then there was a revelation: The crabbed waist and inspiration from the ILC.
Working toward a coherent description of what we want to build and why:
White paper end of 2009
Technical Design Reports end of 2010.

Expect a funding decision from host country by the end of this year.

5 years of nominal data taking will give 75ab" of data.
March 2008 Adrian Bevan 48



Global situation

« Global community is working on the SuperB TDR effort:

Accelerator, Detector, Physics. Global community working
toward the realization of a

. R&D funding from: Super Flavour Factory.
— ltaly Two Concepts: SuperB (this
— France seminar) and Belle-lII.
— Canada

Other R&D efforts at various levels from:
— lIsrael, Poland, Norway, Russia, Spain, UK, Ukraine, US.

Other countries are watching the development of the
process.

Please contact me if you want more information or want to join the
effort: a.j.bevan@qgmul.ac.uk.
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What about Belle-I1?

« Similar concept:
— Adiabatic upgrades from KEKB through to a ~0.8x103% machine.
« Funding situation was equivalent to SuperB.
« Timeline is start data taking in 2013 (low luminosity).
* Incremental upgrades to reach the ultimate lumi.
« Target data sample: 50ab-".
— Some differences between SuperB and Belle-1l by ~2020:

Experiment: SuperB Belle-ll
| er 4 GeV tbd
lyer 7 GeV tbd

€ 2.8/1.6 nm tbd

€ 7/4pm tbd

L 75ab" 50ab"
e~ Polarisation 80% none
run at w(3770) yes no

N.B. Some parameters for the experiments may change. The
Belle-1l accelerator concept is in the process of being re-worked
from a high current to a low emmitance (ltalian) one, so the total
March 2008 cost of both projects will be the about the same. 50



What about Belle-I1?

« Similar concept:
— Adiabatic upgrades from KEKB through to a ~0.8x103% machine.
« Funding situation was equivalent to SuperB.
« Timeline is start data taking in 2013 (low luminosity).
* Incremental upgrades to reach the ultimate lumi.
« Target data sample: 50ab-".
— Some differences between SuperB and Belle-1l by ~2020:

Experiment: SuperB Belle-ll

lLer 4 GeV Polarisation increases potential of T
ler 7 GeV physics studies.

€ 2.8/1.6 nm

€, 714 pm Ww(3770) increases charm/CPV

Is 75ab1 /Mixing study potential.

e~ Polarisation 80% none

run at w(3770) yes no

N.B. Some parameters for the experiments may change. The
Belle-1l accelerator concept is in the process of being re-worked
from a high current to a low emmitance (ltalian) one, so the total
March 2008 cost of both projects will be the about the same. 51



Summary

Hindsight always gives us 20:20 vision.

Until we have understood new physics, we are
left trying to piece together the jigsaw puzzle
of a high energy world where the possibilities
are limited only by (a theorists) imagination.

March 2008 _ Adrian Bevan 52
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Summary

« Want to elucidate new physics in as many ways as
possible. Currently we
— don't know the fine detail of NP.

— don't know the relevant NP energy scale (yet).
« The LHC may, or may not elucidate this issue.

— don't know if the NP flavour sector is trivial or complicated:
* Prior experience suggests it will be complicated.

— But we do know that there are many models: 2ZHDM (type-n),
MSSM, NMSSM, ...

« Many assume flavour couplings are zero.

March 2008 _ Adrian Bevan 53
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Summary

« The LHC won't be able to solve the SUSY
flavour problem.

— LHCDb may help in a few specific channels: e.g. K*lI,
Bs decays.

— The GPDs may help with some ultra-rare B decays.

— Some NP sensitive observables are accessible
through studies at dedicated flavour experiments.

— A large number of observables are only measureable
competitively at a Super Flavour Factory.

* Need this to unravel the nature of new physics.

March 2008 _ Adrian Bevan 54
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Summary

* A subset of interesting light meson flavour-physics
circa 2015: Predictions from Koppenberg: '09.

Caveats I:

Summary

Focuses on what can

Improved  Limited Interesting be done now.

by 2014 by theory In2014?
By — Yes No Yes SuperB would open

B — Tty Hardly No Yes the doors to many

b — sv polarisation Yes No Yes new interesting

B — UK* Yes No Yes modes.
B — wK Hardly No Yes
CP (b — sy+b — dv) No No Yes
Exclusive b — d Yes No Yes
BF(b — s7) Hardly Yes(?) Unlikely
Bs — pp Yes Yes No

Most interesting
measurements are
possible at SuperB.

Read in conjunction

D decays Yes Maybe Unclear . .
y 4 with the next slide.

K — wvv

Imperial College
London P Koppenburg

March 2008 _ Adrian Bevan 55
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Summary

* A subset of interesting light meson flavour-physics
circa 2015: Predictions from Koppenberg: '09.

Caveats Il:
Summary .
Inclusive
Improved  Limited  Interesting measurements are
by 2014 bytheory  In 20142 theoretically clean: so
By — pu Yes No Yes they are more
B— v Hardly No Yes interesting to make.
b — s~y polarisation Yes No Yes
B — UK* Yes No Yes You need a clean
B — wK Hardly No Yes en\/_lronment (e%e7) to
CP (b — sy+b — dv) No No Yes do inclusive _
Exclusive b — d Yes No Yes measurements: I.e.
SuperB

BF(b — s7) Hardly Yes(?) Unlikely

Bs — pp Yes Yes No _
Quantum correlations

at the w(3770) open
up an equivalent set
of measurements at
charm threshold.

March 2008 _ Adrian Bevan 56
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D decays Yes Maybe Unclear

K — wvv

Imperial College
London P Koppenburg




Summary

* The rest of the golden matrix includes:
— more T Lepton Flavour Violation studies.

H* MFV Non-MFV NP  Right-handed LTH SUSY
high tan 3 Z-penguins  currents
B(B — X.7) L M M
_ : . Acp(B — X.7) L M
Y decay studies: ARl B
] ] B(B — X.t¢) M M M
° L gh H gg B(B — Kvw) M L
Ight Higgs )
The angle 8 (AS) L-CKM L
 Dark Matter = L
T — [ L

) .
g ° Lepton number conservation
o>

O

g
¢ — Probe Dark Sector: 'Dark Forces'
£

» Learn about simple, and complex models of Dark
Matter through meson decays.

* http://www-conf.slac.stanford.edu/darkforces2009/

March 2008 _ Adrian Bevan 57
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Summary

« Many questions will remain after the anticipated
discoveries from the LHC.

— What is the nature of flavour couplings beyond the
Standard Model?

« What can this tell us about any (un-)observed new
particles?

— Are there additional contributions that help resolve the
Matter-antimatter asymmetry fine tuning problem?

— Charged Lepton Flavour Violation: is it SM ~10-°4, or
significantly enhanced?

— |Is there a charged Higgs”?
— What is the structure of Dark Matter?

» SuperB can shed some light in all these areas.

March 2008 _ Adrian Bevan 58
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Precision CKM

, Precision CKM from SuperB will open up
* CKMis a 36 year old anzatz. more new physics search opportunities:
e.g. K?@mvv:

» Works at the 10% level.

-5 L =>T oy
: : L =t K+ decay has a
. O
No underlying physical insight. E “ similar error
é —~ budget.
Q

« Small new physics contributions
not ruled out (% level).

U. Haisch, Kaon '07

= 0.6 = 0.6
0.5:—\ 0.5F
0.4F 0.4
:\ C
0.3[ & 0.3
0.2f . 0.2F
0.1:—\ 0.1f
r Y o -
o of
/ UTfff C
-0 Ll Ll 1 l L 1L 1 l L1l l L1l I L1 11l I L Ll -0 I-l Ll
b1 o0 01 02 03 04 05 06 B0 01 02 02 0.4 05 0s
D . p
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FParticle Physics Landscape circa 2015

Continue to indirectly

probe for virtual NO P atthe LAG YES Start to probe the
particle effects at high flavour structure
energies.
NP is flavour blind (not natural)!
Theory is still incomplete as | YES
we have not solved
matter-antimatter asymmetry
/ Problem!
Also search for low energy
. NO
Higgs and Dark matter,
LFV, test fundamental Need to test all possible scenarios
symmetries: CPT, Lepton - NP flavour structure?
universality etc.  — - Observables?

-SuperB provides access to

a wide array of observables
that may be sensitive to NP.

March 2008 Adrian Bevan 62
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See the recent workshop http://www-conf.slac.s

Dark Forces

» L

tanford.edu/darkforces2009/

Summarised by Mat Graham at the October 2009 SLAC SuperB meeting

Arkani-Hamed, Finkbeinder, Slatyer,
Weinder hep-ph/0810.0713
Pospelov, Ritz hep-ph/0810.1502

X

X7 TeV scale DM: ¢
GeV scale boson: @
m(P)<2GeV
Couples to SM y

March 2008

0.01 0.1

Coupling
— -
o o
IN N

-
o
)

kinetic mixing

A. Ritz

1 10

m, (m;) [GeV]

\ Range accessible to high
luminosity e*e- colliders

\ Range excluded by
(or accessible to)

fixed targets

Adrian Bevan
http://www.pi.infn.it/SuperB/
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Dark Forces

See the recent workshop htip://www-conf.slac.stanford.edu/darkforces2009/
Summarised by Mat Graham at the October 2009 SLAC SuperB meeting

b S
In addition to the vector 'portal’ with w
the kinetic coupling, there should be ’ I+
a Higgs coupling term: B @ A

*B>K*4l is an interesting channel to A
search for this.

March 2008 Adrian Bevan 64
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New Phxsics In AF=2 Transitions

. AF=2 transitions in B, B, systems are box
diagrams (mixing or FCNC).

......... >a

d,s

B® t g° q

* New physics (NP) can contribute with an
amplitude ratio C, and phase ¢,

C ei% _ <B§ |HSM+NP|E2>
© (B|H,,|B)
* C,=1, and ¢,=0 for the Standard Model (SM).

March 2008 Adrian Bevan hep-ph/0509219 65
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New Phxsics In AF=2 Transitions

« Existing measurements already constrain NP In
B, mixing (See later for Bg).

SuperB will significantly improve this constraint.

. sof . e .
A Current Constraint e Lmv ;s SuperB with 75ab™" of data
S 60 JPStian < ___f (includes expected
C B R 10F improvements from
40p JPPE LT - lattice calculations)
20F p=——1 " 5E
20p bt 5E
e U S -10F
-60[ . E
C - -15[
-80F UTsi| Tt~ - C UTi|
-l L1 1 I L1l 1 II llllllll IIIIlIllIl s: IlIIIIlIlIIIllIlIlII IIIIIIII IIIIIIIIIIIIIIIIIIII
o 1 2 3 4 5 6 205 0.6 07 08 0.8 1A 2 I s
CBd CBQI
Note that the two plots have very different scales!
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Minimal Flavour Violation

« Suppose that there are no new physics flavour couplings
(MFV).
— CP violation comes from the known SM Yukawa couplings.
— The top quark contribution dominates the SM.
— NP contribution in AB=2 transitions is:

SM Scale2~2.4 TeV
A, =Ysm 6,M,/a

W

3S, =4a| —=
/A
Real Wilson coefficient O(1) New Physics Scale
— MFV Includes many NP scenarios i.e. THDM/2HDM, MSSM,

ADD, RS.
- What is the energy scale that we are sensitive to?

e.g. see hep-ph/0509116
(NMFV), hep-ph/0509219(MFV)

March 2008 Adrian Bevan and references therein. 67
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Minimal Flavour Violation

« Sensitive to new physics contributions with A up
to 14 TeV (= 6A,).

 For loop mediated NP contributions the constraint
can be weakened so that A ~ 700GeV. Ot

* Don’t require that the EWSB scale match A.

e.g. see hep-ph/0509116
(NMFV), hep-ph/0509219(MFV)

March 2008 Adrian Bevan and references therein. 68
http://www.pi.infn.it/SuperB/



Aside: MFV & Bs?

« Recent preprint from UT Fit claims evidence for
new physics in Bg decays.
— Test for NP via:
(B | Hyyop | B
(BY | Hyy |BY)
— Using Bg mixing, Ag, lifetime and tagged J/y¢ results
(AT vs Bg) from CDF and DO.

1/
Ce" =

B, =0.0180.001 (SM)

V.V
=arg| —~
I/cs I/cb

March 2008 Adrian Bevan e.g. see arXiv:0803.0659 gg
http://www.pi.infn.it/SuperB/



Aside: MFV & Bs?

* Recent preprint from UT Fit claims evidence for
new physics in Bg decays.

— Test for NP via:
— 10 3.5¢
°|_|m 05 §)<¢n - UTs;;
m — B
© s o~ 3F
- 7] n
: < ¢
20F 2.5
S0F 2F
40 :
_50;_ 1.5:_
-605— 1 370
-705_ E /
805 0.5
-80¢ UTs; -
-go-lIIIIIIIIIIIIIIIIIIIIIIIIIIII -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.5 1 1.5 2 2.5 c 3 -QSO -160 -140 -120 -100 -80 -60 -40 -20 ng
B o

S

3.70 evidence for new physics in Bg mixing.
Disfavours MFV hypothesis!

March 2008 Adrian Bevan e.g. see arXiv:0803.0659 7q
http://www.pi.infn.it/SuperB/



Aside: MFV & Bs?

* Recent preprint from UT Fit claims evidence for
new physics in Bg decays.
— Test for NP via:

Observable 68% Prob. 95% Prob.

10

I F ¢B.[°] -19.9 £ 5.6 [-30.45,-9.29]
o O -68.2 + 4.9 [-78.45-58.2]
< - Cp. 1.07 £ 029  [0.62,1.93]
'105_ NP [°] 514 11 [-69,-27]
-20F -79+ 3 [-84,-71]
- ANP/ASM 073 £0.35  [0.24,1.38)
-30¢ 1.87 £0.06  [1.50,2.47]
40F Im ANP/ASM 074 £ 026 [-1.54,-0.30]
- Re ANP/ASM 0,13 £ 0.31  [-0.61,0.78]
-50¢ 1.82 + 0.28  [-2.68,-1.36]
_60F A% x 102 2034 +£ 021  [-0.75,0.03]
- AL x10° 2.1 4+ 1.0 [-4.7,-0.3]
-10F AT,/T.  0.105 £ 0.049  [0.02,0.20]
_80F -0.098 + 0.044 [-0.19,-0.02]
s

SR B R S B, =0.0409 +0.0038
B,
Eagerly awaiting a final result from CDF and DO: AND results from LHCDb!

March 2008 Adrian Bevan e.g. see arXiv:0803.0659 71
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SUSY CKM

* The SM encodes quark mixing in the CKM matrix, v
mixing with the MSW matrix .... so

Let us now consider a MSSM with generic
soft SUSY-breaking terms, but dominant
gluino contributions only

« SUSY encodes squark

mixing in a Super CKM (édl.j)
equivalent of the CKM R — v S— J
A B

matrix: Vgekm-
— Have couplings for LL, LR, RL, RR interactions.

« LHC probes the High Energy Frontier.

— Measures the diagonal elements of Vg

* SuperB probes the Luminosity Frontier.
— Measures the off-diagonal elements Vg

March 2008 Adrian Bevan 72
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SUSY CKM

* Couplings are ( ) L. Silvestrini (SuperB IV)
where A,B=L,R, and i,j are squark generations.

* e.g. Constrain
parameters
IN Vgeppm USING:

+ B(B—X,y) [green]
* B(B—=X, I"I) [cyan]
+ Acp(B—X, v) [magenta]
« Combined [blue]
SuperB probes new physics in SUSY

larger than 20TeV (and up to 300TeV in ~0.01 1o . o T e o e
some scenarios) ' ' ' ' R@((Sd ) ‘

With current data, the whole range shown is allowed!
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SUSY CKM

Coupllngs are ( ) L. Silvestrini (SuperB V)
where A,B=L,R, and i,j are squark generations.

* e.g. Constrain

/% " Constraints using SuperB.
parameters ok
N Vo USING:

+ B(B—X,y) [green]

* B(B—=X, I'l) [cyan]

* Acp(B—X, y) [magenta] |
« Combined [blue] o L

SuperB probes new physics in SUSY I
larger than 20TeV (and up to 300TeV in B e S L
some scenarios) ’ 0.03 0

0.05
o A / g’j \
Re AV 23)1R

With current data, the whole range shown is allowed!
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DO mixing

Recent measurements from 10
BaBar and Belle
demonstrated B factory
capabilities in charm physics
Possibility to measure CP
violation in the charm sector

Supersymmetry:

March 2008
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Searching for a Light Higgs or Dark
Matter Candidates

LEP data do not exclude the possibility!

For more details see the talks of McElrath and
Sanchis at the SuperB retreat in Valencia Jan '08:

http://ific.uv.es/superb/
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Searching for a Light Higgs

« Many NP scenarios have a possible light Higgs Boson (e.g. 2HDM).

« Can use Y(nS)—I*I- to search for this.
— Contribution from A° would break lepton universality

W e, uw,T
— ..f..Ab ..... Can expect hundreds of
1y intermediate e, ut, T fb-! recorded at the
b state or bb continuum Y(3S) in SuperB

M. A. Sanchis-Lozano, hep-ph/0510374,
Int. J. Mod. Phys. A19 (2004) 2183

«  NMMSM Model with 7 Higgs Bosons

Physical Higgs bosons: (seven) Possible NMMSM Scenario
2 neutral CP-odd Higgs bosons (A, ,) A, ~10 GeV
3 neutral CP-even Higgs bosons (H, , 3) H, ~ 100 GeV (SM-like)
2 charged Higgs bosons (H?*) Others ~300 GeV (almost degenerate)

« A, could be a light DM candidate.

Gunion, Hooper, McElrath [hep-ph:0509024]
McElrath [hep-ph/0506151], [arXiv:0712.0016]
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Searching for Dark Matter

* Possible to search for the effect of

DM at the B-factories for most

|
+T
Yo M%
© 2 &2
3z 23
- —
= < u,A c
< — Qo
.z.TAw; A&
l &= 22
£ c
> 11> gg
— — 19
NEEN o=
o o
0 <
o O
S~
 C
o
o O
L U U QO mm
> 333
R - -
I I
g g g ¢
N
11+ +
Q- =+ +
g K
©) ]
e _
+ T
M

3.6% INTERGALACTIC GAS

0.4% STARS, ETC.

~
|

-4
E
<
=
b 4
o
<
o
o
0/ y
™
ﬂ‘\

7 3% DARK ENERGY

hep-ph/0509024, hep-ex/0403036 ...

11747444

7

24
| I, 7177
11247424245,

! \\\\\\\\\\\\\\\\\\\

i

\\\\\\
11777447 \\\\

1\\\\\\\\\\\\\
111144444474
X/ /7777777777777

700
600
0
0
0
0

(;9/A25%00°0) / stuan3

© -
= o
X <
—_ X
Lo O
© 8
+|
o =
~~
2 &
Il &
cis 1
2 2~
s ow
O 0w
)n(
8P &
~ X
NESEGEN
S~ 0O
HhR =

\\@w\%\%\w&&*

S “\\\ 7,
Y \\ \
. yd 2297,
11774744447,

9.52

§
N\
\
§
N
N
N
N
N
N
N
N
N
N
§
i
9.5

\
N
8

/AL
VP00 s i
/111174744447

Y 7 i
- ..\w\\\k\Q\\\\ A
[ : \\\\\\\\W\\\\ )

A
yg777774 14444
\\\\

\\\

0 w\\\\\w

\\\\\@w&\\

! @\\ ) ]

&\\\w\\\\ \\\\\\\\\\ .
ﬁ\\&&&\

/77777
‘) \\\\ \\\\\ \\\\\ \\\\\\ \\\\\

SuperB should be able to provide
a precision constraint on this

channel.

9.4

9.46
M (GeVic?)
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T—>UY / 3IeEtons

* Comparison of u—ey and SUSY seasaw = CMSSM + 3vg + v
t—uy rates can distinguish T
between NP scenarios. - SPSta y Tt 7 SO

109l My =107 GeV,my, =107 GeV = i_
-8 B : my, = 10° eV 2% ! E
10 ii ol 0<[o<m4 '
-0 SuperB limit - 10 0<0,| < n/d i
____________ o 10" 80 :
12 Bexp limit T : -7
10 p—ey = i
= 10—12 L
-14 e F
10 oM r i
MFV Model Cirigliano/Grinstein 10713 :_'“;'/-"" !
Nucl. Phys. B 752 (2006) - _ !
0 0.05 0.1 0.15 0.2 4| /-'," :
$13 100 L M3 = 10"" GeV I
| smg=t0Peeve” o Lo T

- Can depend on the value of 10" 107 7 w0 0P 107 07 0

0 BR(t—puvy
13-
T — e ete 2.10°8

- Best search capability for Tt 3.10°8
LFV in t—3leptons of any e ptp | 21078
experiment. T — ueten 2.10°%

T — et 2.10 14
_ T — e pte 2-10714
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CP and CPT Violation

 CP Violation.

£ .~ SM decays of the T have only a single amplitude — so
» & any CP violation signal is an unambiguous sign of NP.

§ — Can have NP contributions from a H*in many modes,
- and largely experimentally un-explored.

e.g. see Datta et al., hep-ph/0610162

o
S
©

»
2
ke;

=
%)

« CPT Violation.

— Expect to be able to measure
level of 104 (statistical).
— Current bound is (0.12 +0.32)%.

Nucl. Phys. Proc. Suppl. 144 105 (2005)

* Polarisation of e*e- beams benefits the search for

CP and CPT violation in T decay and the t
anomalous magnetic moment. g rro 513172 (1995); anxive

:0707.2496 [hep-ph]

_’tr

~ at the
T, +T,,
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Reguirements

« The B-factory detectors work extremely well.

— Design of a SuperB detector, essentially means a refinement of
the existing detectors.

« SuperB environment will have a higher rate.

— Some existing detector parts are reusable.
» Csl Calorimeter barrel.

« DIRC quartz bars from BaBar. These 3m long bars are required for
the particle identification system.

« Superconducting Solenoid Magnet: creates a 2T magnetic field.

— Some existing detector parts need to be replaced to cope with
the expected rates.

« Central tracking inside the particle ID system.
« End Cap of the calorimeter.

* Instrumented Flux Return (u, K°_ detector).

« Readout electronics.

— Makes sense to optimise reuse in order to limit the cost of the
project.
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DAQ

* Modelled on the BaBar Data Acquisition system.

Detector with
Frontend
Electronics

As is the norm with modern

experiments, will need tens

-hundreds of Pb storage for
SuperB.

Cumulative Storage (Pb) 3.9 17.5 47.0 83.4 121.4

Parameter Year 1 Year 2 Year 3 Year 4 Year 5
Luminosity (ab™1) 2 6 12 12 12
Trigger Readout Path Event Data Path and Clock/Command Distribution StOl‘a-ge (PB)
Tape 3.1 10.2 22.0 26.2 27.8
sk Q- = 7 EE N9 )
) ) Readout Readout Readout Readout Disk 0.83 3.35 £ 10.2 10.2
Trigger (L1) Crate Crate Crate Crate oo CPU (MSpecInt2000)
L1-Accept Cmds [ I
Data reconstruction 3.0 8.8 14.7 8.8 0.0
Skimming 2.7 9.4 16.1 12.1 0.0
Event Building Network Switch (10GigE in , Gigabit Ethernet out) Monte Carlo 9.5 28.0 46.6 28.0 0.0
l Physics analysis 5.1 15.0 30.0 30.0 30.0
| L3 Node H L3 Node H L3 Node H L3 Node ‘ L3 Node ‘ 13 Node H L3 Node oo ]Ee)"elf ?ifﬁer and Total 20 61 107 79 30
ogging Fari
— _/
Data Collection Network Switch (1GigE in, 10GigE link to Archiving Facility) .\‘e((\e
| | | oY Subsequent year increments
4 . NG
L)QM Node L)QM Node ‘DQM Node ’DQM Node| e DataQuality Monitoring Farm ?'\(6\

Data Archival Facility
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Timescale

|'.Isv. Name | Duration E T — Vear T_ [T — [Vear® __veard Ve s Ve |
2 1Qs 1C1TC2TQ3 Qs [o2TQ3TQsT 2103Tce [QTTQ2ToaTod QT TO2TQI T4 1 Q1
mereal studies
Engineering design report
Agency approvals }
Conventional facilties v
[ ] Design & b conventional facities I ]
V e ra S C e u e Construct Arc 1 & Support Bldg 1 TTTEr R L)
Construct Arc 2 & Support Bldg 2 I}
Construct Arc 3 & Support Bidg 3 T
(] Construct Arc 4 & Support Bidg & ]
L] Construct Ar Support Eldg 5 L }
O I I l I n a e y Construct Arc 8 & Support Bidg & Ly ]
L] Construct Linac, DR, & BTL
Consiruct AC power & cooing ]
Construct IR Hall !
. N Accelerator Design & Construction v
Detailed accelerator design .{ !.
— Site construction. |
Construct vacuum H—
Construct supports H—
Construct utiiies 1
Construct controls }
— PEP-II/Babar =
Construct power suppies 1
Refurbished accelerator components "y
" Refurbish PEP-Il hardware
Move refurbished equipment to ste |
disassembl e
, Install Arc 1 & Support Bidg 1
nstall Arc 2 & Support Bidg 2
Install Arc 3 & Support Bidg 2
Install Arc & & Support Bidg 4 |
ransport. an .
b ) Install Arc & & Support Bidg 8 1
Instal Interaction Region
Tnstall Uinac, DR, & BTL R |
re a S S e m b I y Accelerator commissioning v
- Linac commissicning 3 whs ?—}.
Colider commissioning 26 wks L
Frst collisions Owis & s
Detector Design & Construction 192 whs | ]
u Design SVT 52wks [ h
* Possible to reach the ‘ a
Design OCH 52 wks i L
Consiruct DCH 140 wiks : [ii —
Design DIRC readout 52 wks i h
» n n % | Censtruct DIRC readout 140 wis -
2 Design forvard ENC 52wks i h
mmissioning phase = = = F
C O o Design FR 52viks i L
=0 Construct FR 78 wis [ h
Design DAQ & online system 104 wis i h
Construct DAQ & onlne system 58 wks T T T
Design Trgger system 104 wis i L
Consiruct Trigger sysiem 88 wis : T
u = Dismantie & Move BABAR 91 wks
Design tooing 26 ws
Dismante BABAR 52 wks
» n = Wove components to site 26 wiks T}
. P h f =8 Install detector 81 wks 4
EY Install stee! & FR 52 wis
YSICS 1Trom Circa T e = ==
82 | Install EMC 4 wis T
e | Install DIRC Fviks hii
? & nstall DCH Sk : Dii
[ & | Install SVT 4 wis ‘3_
e Install DAQ & onlne system Towks )
u ! Install Trigger system 16 whs : %
Task [ Miestone ¢ emalTasks [ ]
S Spit i ies. Summary P ol Milesione @
. Progress ject Summary EESESSSNN  Desdine &
March 2008 Adrian B
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Accelerator and site costs

EDIA Labor M&S Rep.Val.
WBS Item mm mm kEuro kEuro
1 Accelerator 5429 3497 191166 126330
11 Project management 2112 96 1800 0
1.2 Magnet and support system 666 1199 28965 25380
1.3 Vacuum system 620 520 27600 14200
1.4 RF system 272 304 22300 60000
1.5 Interaction region 370 478 10950 0
1.6 Controls, Diagnostics, Feedback 963 648 12951 8750
1.7 Injection and transport systems 426 252 86600 18000

EDIA Labor M&S Rep.Val.
WwBS Item mm mm kEuro kEuro
2.0 Site 1424 1660 105700 0
21 Site Utilities 820 1040 31700 0
2.2 Tunnel and Support Buildings 604 620 74000 0

Note: site cost estimate not as detailed as other estimates
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t

Funds needed to build
experiment

Replacement value of
parts that we can re-use.
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Detector cost

EDIA Labor M\&S Rep.Val.

WBS Item mm mm kEuro kEuro Note: options in
1 SuperB detector 3391 1873 40747 46471 italics are not

. - - summed. We
1.0 Interaction region 10 4 210 0 chose to sum the
1.1 Tracker (SVT + L0 MAPS) 248 348 5615 0 options we
1.1.1 SVT 142 317 4380 0 considered most
1.1.2 LO Striplet option 23 33 324 0 likely/necessary.
1.1.3 LO MAPS option 106 32 1235 0
1.2 DCH 113 104 2862 0
1.3 PID (DIRC Pixilated PMTs + TOF) 110 222 7953 6728
1.31 DIRC barrel - Pixilated PMTs 78 152 4527 6728
1.3.1 DIRC barrel - Focusing DIRC 92 179 6959 6728
1.3.2 Forward TOF 32 70 3426 0
1.4 EMC 136 222 10095 30120
1.4.1 Barrel EMC 20 5 171 30120
1.4.2 Forward EMC 73 152 6828 0
14.3 Backward EMC 42 65 3096 0
1.5 IFR (scintillator) 56 54 1268 0
1.6 Magnet 87 a7 1545 9623 |
1.7 Electronics 286 213 5565 0
1.8 Online computing 1272 34 1624 0
1.9 Installation and integration 353 624 3830 0
1.A I?’roject Management 720 0 180 0

Total = 338M Euro.

= 510M Euro (counting the cost of re-used parts).
=> 1/3 of the cost of the project can be saved by re-using
parts of BaBar and PEP-II. 87




