Why a SuperB Flavour Factory ?

Marcello A. Giorgi

)  INFN & Universita di Pisa

Marcello A. Giorgi

9-10 May 2006


http://www.unipi.it/princ.html

Success of BFactories

Original mission

1)Search for CP violation in B meson decays as predicted in
Standard Model

2)Measure precisely at this low energy scale enough quantities to
impose constraints on the Standard Model parameters

in b sector has been established by BaBar and
Belle (2001)

TRY to open windows on new Physics beyond Standard Model

More precise CKM measurements, Rare B decays, Charm study,
Tau rare decays .
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3 ways to CP violation

CPV in decay: N F(g N Z)_ F(i N f) _ 27/Af 1
S Y S =Y R
4[4,
CPV inmixing: A _(f)= dr’) dt (I_’pzw > "X )-dr/ds (P{hys ~1x) _
/|1 dr/dt (J?,,M — "X )+dr/dt(PS,, > X)
_1-lq/p|
1+|g/p[
CPV in the interference decay-mixing:
Sm(gf);é 0 For example: decays to CP eigenstates f.,
ﬂfzii A (t)Edr/dt(I}%ys%fCP)_dr/dt(P;hys_)fCP)
p Af fer dr/dt (Pp(;zys — fCP)+ dr/dt (Ppohys — fCP)

Marcello A. Giorgi

@3@

9-10 May 2006



_Observables: "direct” CP asymmetry

Al - |A1| Kl - |A1|
A, = |A,| e eld Kz = |A,| e e
6—>06 (CP-conserving) — F(i - f)_ F(i - f) o sin® sind

¢ > —¢ (CP-violating) CP.fIT F(Z — 7)+ ri— 1)

Time-integrated “direct” CP asymmetry requires two amplitudes and 6+0:
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A . 19/pl , &g are related (CPV in mixing)

Ag  observable and CP parameters:

P(B* - B°)-P(B’ - B")

A, =—= —
" P(B* > B°)+P(B° > B°)
—T _
Ay, = Dosore ~Lvasyors _ | «——— at the B-factories
FY(4S)—>l+z+ + rY(4S)—>1T
> > 4 equivalent to ¢
=‘p/q‘ “la/ 7 =1_‘Q/p o 4Resy e, theKsystenf
2 2 4 2
plal +la/p|” 1+|a/p] |1+|s]
_ 1—
g, = pP—q N g9 _17¢&; q|_
pP+q p l+eg p
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~Time dependent rate,flavor mixing and CP,T,CPT

—

CPV in Mixing -Decay _
Time dependent rate:

dNoc exp(-|At|/tg) (1 £ D (S sin(AmAt) - Ccos(AmAt)) ) ® R
D is the mis-tag dilution

R is the time resolution -

A
/1 = ncp 1 P
p 4,
% # 1|:> CP and T Violation in mixing
9|12 a4z sin p5x10° /
» m? SM t ‘
CP ~ 28 || Amplitude
oM —(i/Z)éT eigenvalue || from mixin ratio
z=2 9

A — (i /2) AT z20 CP & CPT violation
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CPV in Standard Model

| i
y 1-_2° p AP o b—] cp Violating phase
us
V= Ve = -2 1—%/12 A: |+0UY
V
| & AL (- p—in) -AL2 |
I d-s* = 0 (K system)
CKM quark S —
mixing matrix Unitarity s-b* = 0 (B, system)
l d-b* = 0 (B, system)
B% Mixing
b—oulv B—)(p,O)) Y
B—(m,p,0) v (P-M) _AB' — nr, pr... /
TNV Vg Vi, by
. Vea Veb| %]
B — D*rn, DK, —
K, ... B'— J/nga D*D*, see

(0,0)
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/LBL/LLNL

Based B Factory:
EP-11 and BABAR

Hiph Enerpy Ring
tupgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

The BaBar Detector Belle Detector
Superconducting Coil {1.5T) —

. _— Aercgel Cherenkay cnt.
Slcon Vel = I >y n=1.015~1.030

er (SVTI[S layers] 5C SOIEI'IUid/. u"*‘"ﬂ
1.5T "y
e* (3 GeV) s
Csl{TI) 16X,

. TOF counter
Drift Chamber

e (9 GeV) ,
[40 stereo lyrs]{DCH) 8GeV ¢

Calorimeter (EMC)
6580 crystals].
Instrumented Flux Return (IFR)

Cherenkov Detecto™DIRC) 151 interleaved with RPCs].

wi K, detection
[144 quartz bars, 11000 PMTs]

14/15 lyr. RPC+Fe

3 lyr. OSSO
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Peak Luminosities are now
9 1033 in PPEPII

And

14 1033 in KEKB

The integrated luminosity doubles
every 2 years
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Great Success of PEPI1I and KEKB

o Inke@Qr@edbinilpdsgyadsum) !

200 | » Peak'luminosity > 1034cm2s"
in both experiments | /J
ANPRNE
400 Y\@'L\) Q’\‘Q
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Measuring time-dependent CP asymmetries

Tagging performance: Q = 30.5%

Flavor
p — .z ) Tagging
Vyas)y = Y-

At is a signed quantity
o, ~1ps<170 um

7,
B t
] Y(4S ) . | Tag vertex
€ % ot I reconstruction
_ | -
Brec ] H Ty
| +
| H
Az 1 ' " KO
At = Br Sc : Az > s
. ~
|
|

7, ~1.6 ps < 250 um

‘ Exclusive B Meson and vertex I
reconstruction

Start the Clock

® -
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* Reconstruct B__, vertex from
— charged B, daughters (c,(Bg..)=65 pm)

i Beee V
* Determine By, vertex from ="
— charged tracks not belongingto B, ., . .. 5 0

Brec direction

Brec daughters

0y

R
-
o*
-

— B, vertex and momentum
Beam spo! - ~

— beam spot and Y(4S) TAG Vertex
momentum Y 4 ~ <~ _ Bryg direction

« High efficiency (93%) through inclusion of 1-prong tags

Average resolution in Az 1s 180 um (<|Az> = Byct = 260 pum)
corresponding to a At resolution of 0.6 ps.

* At resolution function measured from data (B, sample)

® -

Marcello A. Giorgi

9-10 May 2006



BABAR

Hierarchical tagging categories: /l\e , W 3 . — e
 Lepton — charge of lepton L’ g *; _ - EE

« Kaon — net charge of kaon b “ C s K-

 NT1 |exploit information from momentum spectrum -

* NT2 :Fof charged particles,soft © from D*, unidentified l and K | iy }Lﬂ}:
Large B, sample provide tagging performance measurement: e
Tagging Efficiency Mistag fraction | BYBOdiff. Q =¢g(1-2w)?
category e (%) w (%) Aw (%) (%)
Lepton 11.1 £0.2 8.6 £0.9 0.6x1.5 7.6 £04
Kaon 347104 18.1+0.7 -09+1.1 14.1 £0.6
NTI1 7.7+0.2 220+1.5 14+£23 24+0.3
NT2 14.0+0.3 37.3+£1.3 47+19 0.9+0.2
ALL 67.5 £0.5 25.1+£0.8

o(sin2B) x 1/VQ
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Two kinematical variables are used in BaBar a

select B mesons :
Energy substituted mass

My =4/8/4 — pgz

the resolution on mgq 1s 2.6
MeV/c? and mainly depends on the

Ei .., uncertainty

AE =E, —/s/2
AE depends on the decay

channel(masses of products..), its
resolution mainly on tracking
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PHYSICS MENU

» Unitarity Triangle sides measurements
- From (semi)leptonic decays, inclusive or exclusive

= Vil Vel Vil

UT angles precision measurements

- b->ccs Charmonium B>J/Y Ks giving sin2f
b—>sss penguin also sin2pB in SM very sensitive to new physics
CPV Asymmetries in B>¢K,, K. compared with sin2p.

a measurement with B>nr and pp

direct CPV

v measurement with B->DK or similar channels.

*  Rare decays
- Exclusive and inclusive 6 — sy BFs, direct asymmetries, photon
helicities
- Exclusive and inclusive b6 — s/f BFs, Az, CPasymmetries

- Bdecays to states with large missing energy, such as 8, —
T, B— Kvv,b—>svw, B> Drv_, B XC-TVT,B—) %%

- LFVin r— uy, t— whand similar channels
®
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Direct CPV

2% 5k | No evidence in other channels!!
BABARI PRL 93 (2004) 131801 Signal (227# 85 pairs): 1606 + 51

% p0 .y - B
A, =-0.133+0.030+0.009 BABARI z o //(< &
4 20 I — R 7| -
‘ Be//eI Confirmation at ICHEPO4

Signal (274M BB pairs): 2140 +53

4, ——0101£0.025+0,005
3.9 p 0.1

Average | | A, =-0.114+0.020 o }

B > K
A, =+006+006+001 BABAR Y[
A, =+0.04+0.05+002 Belle|3.60 59 599 594 596 598 53

v

Average | | A, = +0.049 + 0.040 My (GeVic’)

@ -

I
-
-

Events / 2.5 MeV/c

A

Asymme

+
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CPV in By mixing: Ag

Experimental status:

from measurements at LEP, CLEO, BaBar and Belle:

g/ p|= 1.0013 +0.0067

Re ¢,

=—-0.0007 £0.0017
1+ ‘53‘

Not easy to improve: systematics!

A, =-0.0026 +0.0034 HFAG, Winter'05 average

For example, the most recent paper: GELLE, hep-ex/0505017.

A, = (—1.1 &£ 7.9(stat) & 7.0(sys)) x 1073,
lq/p| = 1.0005 4 0.0040(stat) 4 0.0035(sys).
Re(ep)

T+ Jen]? = (—0.3 £ 2.0(stat) &+ 1.7(sys)) x 1073
ER

Marcello A. Giorgi
9-10 May 2006

BELLE 2005
(78 + 9) fb-"

< 1/5 of the
available data !
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New unitarity triangle with new values

Lp05 new Belle value

with 386M BB, J/yK"
Sin2B=0.652+0.039:0.020
C=—0.010+0.026 £0.036

=

Sin2p=0.685+0.032
C=0.016+0.046

New average values BaBar Belle 02l

0.

New value of Sin2f3 vs. UT general

Ia[CKM 1=(93.1:2%)° I |a[all] =(997%%)° | fit with new Vub/Vcb value

1—CL
15 1
0.9
ik CKMfit
[ no o meias. n i 0.8
0.7
0.5
0.6
= 0 05
0.4
0.5
0.3
0.2
-1
0.1
1.5 0
1 05 0 05 1 15 2

g-J.U IV\UY IUIV

n

After Lp

05

Preferred .|

solution 0

02
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Including ®;/y mainly trom Dalitz analysis

BaBar Belle
- DK+ DK+ DK* DK
|.|u-41-||||1-|||-|||-||-|-uﬂ-'lqpr||-||-r|-|-||r|l D_I; IIIIIIIIIIIIIIII e : L S
= la) > In) B~ + gug N : g 'F
o2l 4 o2l oz f (5 ; ] osf
[ [ ot f 3 ] :
r 1 0 f——= of
't i m;OJ .
I azf @_ - ; a5
02f o2t sk i E
_ _ -u?‘ . . . " . il s
A e e 0 0 04 02 0 o2 25753 o “’M";f.,
Xy X

Deviation from origin indicates r £ 0. Difference between B* and B~ signifies ¢3 # 0 (CPV)

Modes r o (%) 03 (°)
BaBar| DK nns:l:ﬂu?gzl:nu’m‘*“%:*j 104 £4577 ¥1¢
DK 0.169£0.096* 5058 T0 050 296 +41% 13415
combined ) 70+ 3112+
Belle | DK 0.2T£0.08£0.03 £0.04 KESCESVEF
. DK 0.1275:14+0.02 4+ 0.04 32157+ 11£21
| combined 681+ 13£11
DK* [0.25701+0.09+0.04+£0.08|358 358421 4£49 112435941148

Errors: ETEOHIETIEEH detector svstematic. [) — K< T decav model. non-resonant DK x

T T [ T T T I T T T

0.6 E?w‘% Amy 0 Y/
1 . EPS2005
0.5 j:‘g E.f.-.;w-, 2 : : \.. \ 3
‘ §i Lk AN ]
I= '3 sol. w/ cos 26, <0
03 B & (excl. atCL>085)
&
02 AR
0.1 B <= IVup/Verl 4
¢1 ]
0 e P I T I
-0.4 -0.2 2 A4 ) )
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Hints of NP from UT ?

-

|eall] = (995°)°|

la[CKM] = (93.1%%)°

1.5_ | E L

CKM fit

1k no o meas. in fit

0.5

-0.5

CKM
- =

RS o from B — nw, p, pp

0.5 1

-1.5

-1 -0.5 0 1.5

3
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USE: €, Am, sin 23,

From the general Fit
: SM at 93% C. L.

NP at7% C. L.

L.Silvestrini LP05
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Great success of BaBar and Belle

But great success of CK

T—r o T TR T e |
" i sy L e 2 ) o
i L sma e
I : e

v -

LR < T T R T |F' &
|r ] " -
- | I i
3 - :
]

vt

0.5

0.5

4.5

-1 415 0 w5 1 13 2

Sides and angles only angles
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CDF Run Il Preliminary L=1.0f"

~dalat1c a 95%CLIlimit 187 ps’

@
= F g
. = UTf!f % 16450  © sensitivity 253 ps’
B E 2{ Mdata+ 16455 A )
I < data + 1.645 o (stat. only) oy Al A [
0.5 —\

B »I"D; X,B] »D; n*, B 5> D, v n* v

0 10 20 30
Am, [ps’]
ool | N
: S
o- @Q\@&
0.5

p =0.193 +0.029
[0.133, 0.248] @ 95% Prob.

Marcello A. Giorgi
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sin2/ and loops

In SM interference between B mixing, K mixing and Penguin h—>sss or b—ssdd gives the
same ¢~2% as in tree process b—ccs. However loops can also be sensitive to New Physics!

t ra /
§Q<§¢’77’(KK)CP B’ ng%9<_
S 0
d §K0 0(1?) d dKS
d S o
e ~5%

Purely _
b —> u,c,t | < I dimensional b
0 4 S| estimate 0
B g P
p - O(A° /1)
0
d

Sa
Y

BO

Y

T ~20% d
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‘ Before summer05 \

LP 2005
N i PRELIMINARY
BABAR 04 - AR : .
Y 0.72240.040+0.023 i i " H—ces Average : 0.69 £0.03
Belle 04 ! o I rTTTEsRss T e Pt et
'8 0.728 +0.056 + 0.023 ' : i 5 0.50 +0.25 50
Average (charmonium - all exps.) ! : H ; : 0.44 +027 +0.05
0.726 £0.037 : : " : e : 0.47 +0.19
BABAR 04 . . . ; : 47 + 0.
v 050+0.25” ;0] I ., [ BaBar g S 0.30+0.14 +0.02 |
S Belle 04 i : : |
0%6910.3310.09 —i—| | , 0.62+0.12 + 0.04
BABAR 04 . . ;
Z 0.30+0.14+0.02 L e I 1 ™ ofieldian-, ~ WON SO B0 N | I e % d;ﬂﬁ+ﬂl’.]9
=  Belle 04 : ! : 095 ¥Z 1010
0.65+0.18+0.04 ' +H—er :
o BABAR,04 : | , ‘. ca 0.47 + 0.36 + 0.08
E 095452010 ' : , - 1 | 0.75 + 0.24
o Belle 04 . [ o R\ hs ; TR T QU g e
—0.47+0.4140.08 I = 1 ; ' : ‘,*' 5 0.35 #2932 + 0.04
BABAR 04 ; ! . i ! : I + 0, +0.
¥ osslGzoos ! . . e ” | L& | 0.22 + 0.47 + 0.08
e Belle 04 . . verage | 2 i 0.31+0.26
0.30£0.59%0.11 L em Y O A .« =T - P J.‘ """" 3 _'.i' ST :' """"""""" E;E:U- l:o)'gg -';'-L:]- E]'E" 1
BABAR, 05 : : ; i | 50 333 1 0.
Y 0.50%10 ; ; | : : 1 0.95 + 0.53 *12
S Bellcog®™ ' Average | b — | 0.63 +0.30
7 _pas : g ————— el B e e
ABAR 04 \) : AR R R 04110485 0.07 £ 0.11
0.55 e ! i !
: : : 4 Belle ; okt~ | 0.60+0.18+0.04 513
_ (10 : e & . Average | - § 0.51 +0.14 ¥
9 ; — i i X BaBar ! H— 1 0.63 933+ 0.04
2P Be e 04 i : i E i ¢ Belle i - i 0.58 +0.36 + 0.08
e (s-penguin i ; i| " [Moriond 2005 w Average | —'ﬁ--— : 0.61 +023
_43i_n_0?( Ip guin) | | E 1 T = v 9 — il L i
2 1.5 1 0.5 0 0.5 1 15 - s L 2
-1, xS,
.f " '
" _ e All except N'K" are within ~ 1 &
Deviation from SM; .
No theory error: 3.7 c e All except foK¢ have AS < 0
Naive theory errors: 29c

9-10 May 2006

Marcello A. Giorgi

24 @



PENGUIN contributions

Acp(J/¥ Ks)- Acp(n0 Ks)

18%

16%
14%

12%

A A AR

10%
]
%
4%
Wi
i

Upper limit

Lower limit

Model independent estimate by
Ciuchini,Franco,Masiero,Silvestrini. PRL79,978
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Acp(J/Y Ks)- Acp(D Ks)

Upper limit

Lower limit

200
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OTHER CHANNELS for NP (observables in s/d |+|- decay)

A (BsIHT) SM: <0.5% (0.05% for K* I* 1)
A,(B>d M) SM: “~(4.4+/-4))%
B(B2>sutu-)/B(B>sete) SM: ~1

AFB(K*I* I"):s,(zero crossing) SM predicts with ~5% accuracy
APB(K*I* I):CP asymmetry  Very small in SM

_ NF _Ns
In dilepton rest frame A
Nr=when 1" alongbdir 0.5 Sy
N = when I* opposite b dir I
. o ,r-:r-'-i.':_ — SM
So NNLO error :5%// =
S, = 0.162+/-0.008 ~ C7/C9 -0.5 ” I =
5= (?n;ﬂ—f?nb)g il |
0 0.2 - 0.¢ 0.8 1

In SM: AP x~ 0
Determination of sign of AFB very important.

Marcello A. Giorgi
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B->KON+I-

F.Forti LP05

BABAR, Belle

Preliminary

*

KT

<« Rarest B decay observed!

Kil, K*II branching fractions | ¢ Balie'04’
in range predicted by —
SM + form factors T,
theory uncertainty >
experimental uncertainty KI'T
—e—
—C—s
! ! ! ! | !
0 0.5

Beyond branching fractions: Asymmetries

Ap consistent with zero
Kup/Kee ratio consistent with unity
Forward-backward angular asymmetry

of lepton pair vs. dilepton mass probes
relative size, phase of penguin diagrams

Marcello A.
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1 1.5 2
Branching Fraction (1 0° )

s BT T T T
8-2; RaWAFB K*II i
0:2——1— SM

\\;
\\_E
rong sign C, 7t




F.Forti LP05

B->KOI+I-,

Kvv

N
=2
|
=

Clean probes of EW scale physics
Branching fractions ~ 10-6

Well-established Kl/, K*/I signals for
B factories (/ = ¢, p)

==y 275M ]

BFx10° 89MBB -'

B(B—)va) < 52 <36

B(B —> znvvy ) < 100 /
Kvv sensitivity now <10X SM rate

9-10 May 2006

Events / 0.0045 GeV/¢?

T & @Ne

0
5.2 5.22 524 526 5.28

20

30 |

10f

=R 275M,,,.

BELLE

m

.. (GeVic?)

Events / 0.0045 GeV/ ¢?

Prellmlnary

K* I*I-

5.2 5.22 5.24 5.26 5.28
m_ (GeVl/c?)

(€) KI'T

K I

25

2
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Recoil Method as pure B beam

* Fully reconstruct one of
the two Bs in hadronic

modes...
« ...and do it with “high”
efficiency
4
-E 10 = . » The remaining of the event
C . is the other B
g = —!ncl. X v
) sl ==incl. X Iv
< 10

You have a simgle B beam!!

Ianmele el e RS Ty

Recoil cinematics well known
Recoil flavor and charge is determined
Event closure needed with neutrinos

10

The final efficiency is ~0.4% (per bb, . pair)
3 4 -1 0 :
1 10 10 1 _ 110" = ~4000 B/fb™ (at 30% purity)
Lumi b7} — 1500 BY/fb"!
= 2500 B*/fb"!
> 107 recoil Bs in 10ab!

Marcello A. Giorgi 29 @
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Theoretical uncertainties

Measurement (in SM) Theoretical limit | Present error
B — v Kgs (8) ~ 0.2° 1.67
B — ¢Kg, "V Kg, ... (B) ~ 2° ~ 10°
B — 7w, pp, pr («) ~ 1° ~ 15°
B — DK (v) < 1° ~ 25°
By — v (Bs) ~ 0.2° —
B, — DK (v — 28;) < 1° —
|V ~ 1% ~ 3%
Vi ~ 5% ~ 15%
B — X{1i™ ~ 5% ~ 25%
B — KWyp ~ 5% —

Marcello A. Giorgi
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F.Forti LP05 By b '
*SMexpectation B(B — rv)=(9.3£3.9)x10™ (H" W)

2 2\ 2
B(BT - 17v,.) = G s m? ( — &)
m

— Direct measurement of fy (currently only from LQCD)

- B(B->1v)/AM, constrains |V, ’ ‘th‘z 200
= > 2 vinthe event ol
= Use hadronic or semileptonic tag z 3
% </
= 1 or 3 prong topology 5 <
. H:100— Q
= Can constrain SUSY parameters e
e new new I LEP Excluded (95% C.L.) |
, D> ol e
ﬁ 232 MBE </ 275 MBE 0 20 40 60 80 100

OELLE tan B

@ -

B(B —1v) <2.6x10"* @90%C.L. <1.8x10™* @90%C.L.
Marcello A. Giorgi
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<
L

R.Faccini BOtv

_—

BR(B — tv)L

\ (M= 100 GeV/e, tanB=30)

b i i
Wst one example \ sscmossae _

B(B — Tl/) — | .
0.34 10.18 4 0 50 1000 . 15_(1)0
(1.0675. 35 (stat) 75116 (svst)) x 107% Bl 2006 with 0.414 ab-t  Lumi (o)

SM : B(B>1v)=(1.59 + 0.40) X 10

Uncertain regions could be clarified by B-Factories
depends on all other SUSY parameters...

Marcello A. Giorgi
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Physics case for very high lumi

On the physics case a lot of documents are available they are the result of
Lhree.year's of Physics workshops in Slac ,in KEK and Joint meetings in
awaii .

Three years of Physics Workshops have produced heavy documents . See
for example:

The Discovery Potential of a Super B Factory (Slac-R-709)
Letter of Intent for KEK Super B Factory ( KEK Report 2004-4 )
Physics at Super B Factory ( hep-ex/0406071 )

At the URL :

www.pi.infn.it/SuperB

you can find documents and links o documents

The physics case for a Super Flavour Factory is solid if :

The sample of data available in a few years of running can reach 100 ab -! (10
1 BBbar, tau and charm pairs)

The running period is overlapped to LHC. (Results from Super Flavour and
LHC are largely complementary).

As asked by the president of INFN an international study group has been
formed Yo study the case, to evaluate the solution with time, costs,
synergies, footprint of the machine......

Marcello A. Giorgi
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Unitarity Triangle - Sides& Angles

Measurement Goal 3/ab 10/ab 50/ab

V. (inclusive) syst =5-6% 2% 1.3%

Vip (exclusive) (m.p) syst=3% 55% | 3.2%

f, B(B—uv) SM: B~5x10"7

F,B(B— 1) SM: B~5x10° 330 6o 130 £, to ~10%

V. Ve (07/K ) Theory 12% ~3% ~1%
Measurement 3/ab 10/ab 50/ab

(S, , B— mm BR's+ isospin) 6.7° 3.9° 2.1°

a (pm) (Isospin, Dalitz) (syst >3°) 3,2.3° 16,1.3° 1,0.6°
« (op) (penguin, isospin, stat+syst) 2.9° 15° 0.72°
G(J/¢ Ks) (all modes) 0.3° 0.17° 0.09°
v(B— DK (ADS) 2-3°
v (alh) 1.2-2°

arcello A. Giorgi
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UNIVERSAL UT fit with 50 ab-!

I5 Ui Y ,
i / Am,
- sin2p Amg

0.5 /

: Fa ,#:T:“q:\
- v, :
_ val | \

0 |
: \ /

0.5~ ~ A

A

1 1 | 1 1 | | | | 1 1 1 | | 1 | 1 1 | | | 11
-1 0.5 0 0.5 1

Universal fit makes only use of quantities ind®pendent of NP

contributions within MFV
@
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CP Violation in b->s penguins

Rare Decays — New Physics — ¢PV (?) e*e- Precision
Measurement Goal 3/ab | 10/ab | 50/ab
SB°— oK) SM: <0.25 008 | 005 | 002 ()
(0.05)
S B— pKs+0K)) SM:<0.25
(0.05)
SAB—n'K,) SM<03(01)| 006 | 003 0.01
S B— K,n0) SM:<0.2 008 | 005 | 004 ?)
(0.15)
N B—K,m) SM:<0.1 011 | 006 | 0.04 )
A A b—57) SM: <0.6% 2.4% 1% 10.5% (?)
AAB—K*) SM: <05% | 059% | 0.32% | 0.14%
CPVin mixing (/g/p/) <0.6%

Marcello A. Giorgi
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b->sl*l- precision measurements

New Physics — K7 14-, st*l-

e*e- Precision

Measurement Goal 3/ab 10/ab 50/ab 100/ab
B(B— Kutu) /B(B— Ke*e’) | SM: 1 ~8% ~4% ~2% ~1.5%
ACP(B—>K*|+|') (Cl”) SM < "'60/0 "'30/0 "‘1.50/0 "‘1.10/0

(high |009% | ~12% ~6% ~3% ~2%
mass)
AFB(B— KHA7) : 5, SM: ~20% ~9% 9%

+5%

AFB(B—>51+I—) : §O 27 % 15% 6.7 % 5.0%
A (B—s"1) 1 &, 36-55% | 20-30% | 9-13% | 7-10%

9-10 May 2006
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Rare Decays

MEASUREMENT Goal 3/ab [10/ab  |50/ab |100/ab
B(B8—D*rv) SM: B: 8x10-3 10.2% 5.6% 2.5%
B(B—svv)K K* SM:Theory ~5% | ~lo >30 >46 >Do
1 excl: 4x10-6

B(B— invisible) <2>210' <1x10-¢ | «4x10-7 | <2.5x10-7
B(8,— 1) ~8x10-11 ¢3x10- | <1.6x10® | <7x10-? |<5x10°?
B(8,—77) ~1x10-8 <1x10- | O(104) 9 9

N - -10
]83(7' 1y) now< 7 10 @ <10

B(7—ph) now < 107 @ <10-10

Marcello A. Giorgi © 38 @
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T—u X

The LFV limits on t—ph and t—u y scale with the
statistics or with the square root of the statistics?

If as we have now in Babar the main source of
systematic error is the unidentified background
with 2 neutrinos and this background is irreducible

mmmmd>  the scaling low is the sq uare root?
Can this background kept under control as in p—ey ?

Can a symmetric machine with very small beam spot
(several order of magnitude smaller than in PEPIT)
and monochromatic taus help in reducing this source
of error?

Marcello A. Giorgi
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Not only CPV : D.(2317)— D*s(1970) 10 :

450
D+Se K+ K- 7.[:+ 00
"b " S50
":_‘: .‘% 00
= = agn
0 g
} @ 200
| D', 2KK n*n g fo0
g 104
50
L a M NS N
o '2 1- L Illzl L Iilal L -?-|4- L -2-5 2.1 232 2.5 2.4 2.5
miD*, n°) GeV/c BELLE Preliminary 78 fb~!
- [
CLEO 13.5 fb~! S | +
Bl:' | | | | | | | | | | | | | | | I | | | | | | E’-{}”U :_
NLE i 1 @25{) —
= I m Data | A I
HE-} — qg Monte Carlo 200 ¢ +
;ﬁ_,E'? 150 — ++%
g _ ﬂt‘#—m!ﬁl '
L 00 b ‘,-’“ !
2.10 2.20 230 240, 250 2.60 o[ 0f
M[DSTI ) (GeV/cT) S

0 '.I...|._...|....|._...|....|....|....|.... rrrn [ Lnin

o o0y 0.2 025 3 035 04 045 05 055 06
2

GeV/ic
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Mor'e recent: Y(4260) in n*n-J/y Mass Spectrum

Events / 20 MeV/c?

oY)
o)

[\
o

10

m=4260 + 8 MeV
['=88+23 MeV W(2S) used for
cross checks
- L 104; ':
[ 1’} ]
N ‘ ok ! §
i J lo%ﬁ m#””ﬁ““ﬁf”*pm**n”ﬁ*fmﬁ*#ﬁ Hﬁwﬁ i
- N T oY L
B ‘ I ‘ 36 38 4 42 44 46 48 5 |
Jﬁ A g l 0
[ T ﬂ“' 21N
t | ‘ "! it -iiriii ..,1:" ..
g 1l R LI [

Jgyrsidelfiand =4 5

9-10 May 2006

46 48 5
m(rt JAy) (GeVic?)

Marcello A. Giorgi

» ISR production: ere” — (y)J/ym*n

25% of v’s observed

(]
[e=]
T 11
|

Events / 0.1 GeV %¢*
=

[w]
T T T T TT7T

-10

]
0

m3, j( GeV-/ch
missing mass consistent
with y: Y data, Y MC,
and y(2S) data
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Also Spectroscopy

BABAR has first observed D4(2317) and
BELLE the X(3872) and Y(3940) .

Rare states have been accessible to Babar
and Belle thanks to the very high statistics
collected with a luminosity of about 10 34
cm2s 1,

More states could be accessible with a
luminosity > 10 36 cm 2 s -1

Marcello A. Giorgi
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What kind of Super B Factory?

» Peak Lumi >>1036cm -2 s'1to allow 50/ab in a
couple of years

* Running period : overlap with LHC and
possibly before ILC

+ Asymmetric (at least 7+4 GeV)
Options under evaluation:

Possibility o operate symmetric even at
lower energy and with at least one
polarised beam for t and charm physics.

Still with at least 103°¢cm 2 st

Marcello A. Giorgi
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Traditional machines

The recipe for high lumi so far is:

* Increase current

* Then increase Background in the detectors
* Increase wall power

Above 5 103° cm -2 57! seems very hard the
design of detector with present or near
future technology

Wall power jumps soon above hundreds of
MW.

Marcello A. Giorgi
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Design Peak Lumi 4+5 103%cm-2s-1

50 Projection of KEKB Luminosity
| I | ‘ I | I I | I I ] | ‘ I T [ I

=9
o

SuperKEKB

e ——-

[
=]

M
=

Integrated Luminosity (/ab)

10 Shutdown
for upgrade
p—-
1 I | L ;—H—'—-I"—’I- | ) | 1 | 1 ‘ | 1 | |
2“00 2005 2010 2015 2020
] Year
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Some parameters for comparison with hadron expriments

P.Lumi (1033cm2st) o, (10-33) BB (107/y)  opp/ogg

Bfactories 10 1.1 14 0.3
SuperB 2+5x1000 1.1 3+7x1000 0.3
LHC-b 0.15 500000 75x1000 0.005

t and charm pairs as many as BB in e+e- factories

@ -
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J.Libby 26/4/06 at UKworkshop on SuperB)

‘ Comparison to Super B sueere GoanLrce 217

AS(H Kg —=
. ASK'K K —
= This was shown by N. AS(Y 112‘3} +
AS(Kg ——
Katayama at FCPC a L‘,,'f ’ u
couple of weeks ago f“"'.'E’ -
- ISRl[ﬂlgi“ﬁ Hi_'
= At first glance I'm A B X ) |
- C, A (B— K ——
working on the wrong Sra e :
experiment! BRBwu a
BR(B'— K*w)
= But: BR(B*— Dw) -
BR(B'— Dw) =
1 0 sin 23 T3
o ot isospin) '-1"
2 SuperB ~2020 o pr i
o " WDK’ -
2 Some missing LHCD info WBSKK) —t—
7B~ DK) :
I\ a0

Why? 2020 is the design of Super KEKB ‘ 07040302000 01 020570

@ -
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(presented by J.Libby 26/4/06 at UKworkshop on SuperB)

‘ Comparison to Super B

Common

No IP

= Symbiosis!

sin{ ()
BR(B.—pp)
L . Y(B—DK)
information on in 2B
YDK")
A ol B(X /K )
= Scaled LHCb to 37
-1 . . C,yApp( B— K
10 tb™" luminosity O St Kb
ASIT Ko
reordered the ASIKKIKY
"SKS}
SIK™)
o mrisospin) -
BR(B*— Dw) ==
BR(B'= Dw) —t
|\‘Irll|:|r IIII|IIII|IIII|IIII|III'I_IF_I|III|IIII|IIII|IIII|IIII
0.5 -0.4-0.3-02-0.1 -0 0.1 0.2 0.3 0.4 05

-
= Added some B WB—KK) —
several modes - T
|
CyA(B— K ——p
——
(~2014) and ASKK' K Ky =
ﬁSIE ——
measurements —=
BRiB— K
BR(B— X }) ;
Marcello A. Giorgi 48 @
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Heretic Solution

A new scheme:

the "Linear SuperB”

Marcello A. Giorgi
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+ Basic Idea comes from the ATF2-FF
experiment (R&D for ILC)

In the proposed experiment it seems
possible to acheive spot sizes at the focal
point of about 2um*20nm at very low
energy (1 GeV), out from the damping ring

* Rescaling at about 106eV/CM we should get
sizes of about 1um*10nm =>

+ Is it worth to explore the potentiality of a
Collider based on a scheme similar to the

Linear Collider . [ RRAETTSRSER
@ -
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9-10 May 2006



9-1

f o g 1,36E+05 | 1,36E+05 | 1,36E+05 | 1,36E+05
e 1,60E-19 | 1,60E-19 | 1,60E-19 | 1,60E-19
4*x 1,26E+01|1,26E+01 1,26E+01 | 1,26E+01
f, 5 1,20E+02 | 1,20E+02 | 1,20E+02 | 1,36E+05
E GeV |3,50E+00]3,50E+00|3,50E+00|3,50E+00
- 6,85E+03 | 6,85E+03 | 6,85E+03 | 6,85E+03
g, nm  1,00ED1 1,00ED1 | 5,00EDZ2 2,00E+01
- nm 0,0010 0,0010 5,00ED2 1,00

By pm  1,00E+04 1,00E+04 1,l]I]E+I]3|1,I]l]E+I]5!
B, nm  1,00E+05 1,00E+05 | 1,00E+06 3,00E+06
o nm  1,00E+05 1,00E+05 | 1,00E+D6 3,00E+06
a, rad  1,00EDZ 1,00E0Z  1,00EDZ 1,00E-D?
N 3,50E+03 3,50E+03 3,50E+03 3,50E+03
o, wm  1,00E+00 1,00E+00 2,24E01 4.47E+01
o, nm  1,00E+01 1,00E+01 2,24E+02 1,73E+03
I* A 3,00E+00 1,00E+01 1,00E+01 1,00E+01
| A 6,00E+0D 2,00E+01 2,00E+01 2.00E+01
N* 3,94E+10 1,31E+11 1,31E+11 1,31E+11
N 7.88E+10 2,63E+11 2,63E+11 2.63E+11
Los cm® s’ 1,04E+36 1,15E+37 2,30E+36 1.,69E+36
n 1 10 1

L. cm” s’ 1,04E+36 1,15E+37 |2,30E+37 | 1.69E+36

ATF2 ATF2 ATF2
crahb crahb round crah

In this simulation
E+=8GeV
E-=3.5 Gev

Parameter list
for a flat and a
round beam
case

M.Biagini

- °




1000 -

-1000 -

Horizontal Collisi - -
orizontal Collision Vertical collision

D. Schulte

Effective horizontal size during collision about 10 times
smaller, vertical size 10 times larger

Marcello A. Giorgi
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Basic idea

Instead of being a limitation, Beam-Beam interaction might

%cRTually help to increase the luminosity,but more power in

Need to find a suitable parameters set: stable collisions,
reasonable outgoing emittances and energy spread

Average current through the detector 10-100 times
smaller than in the rings (10-100 mA)

Experiment looks easy (harrow beam pipe-no Bkgd)

Damping Rings, even with a parameter set very similar to
the ILC ones, have still to handle a lot more current and
more radiation from increased damping

Energy spread in collision is an issue

Marcello A. Giorgi

@ -

9-10 May 2006



Layouts...

Dump

Transport 9.0+3.GeV
Positrons —_E+ source ,
Gun Mak':
Electrons 3 GeV 3 GeV \ 5 GeV

s

5 Sel o1

& 3.5GeV e- SC Linac |

Linac

7+4GeV

"\,

Marcello A. Giorgi
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REDUCE POWER and REDUCE AE

2 solutions
1) ILC DR+ ILC BC + ILC FF

» Acceleration by ILC SC-cavities not a must anymore but
a factor 2 1n energy gives a factor 2 reduction in energy
spread (and a factor 2 down 1n beam cooling power in the
ring)

* Increased collision rate and reduced beam current gives
more luminosity, with an optimum for collisions at every
turn

 Possible path: to build the machine with the capability to
collide with extraction every 50 turns, and then, while at
low bunch charge, have the option of increasing bunch
charge or collision rate up to every turn...

M llo A. Giorgi 5
9-10 May 2006 e A I P. Raimo@o. 2608



Solution 1

ILC ming with ILC FF
ILC comprazzer
Calliding every 50 tum
Acceleration sptisnal
Crezsing angle eptienal
Compressar Decaompressar

ILC ring with ILC FF
ILC Compressor

Colliding every turn
crossing angle optional

Optional Optional

Acceleration Acceleration o

and and

deceleration deceleration
Cnmpressur Decumpressur

Decormpressar Decompresso

Carnpressor Compressor

7+4GeV

Marcello A. Giorgi
9-10 May 2006
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2) ILC DR+ ILC FF in DR + crossing angle
25mrad

« Bunch Compressor optional, no acceleration
* Requires virtually no R&D

 Uses all the work done for ILC, 100% synergy with
ILC

* Rings and FF layouts virtually done, 3km
circumference

IR extremely simplified
e Currents around 1.5A
» Background should be better than PEP-II and KEKB

e Use of “crabbed waist” new 1dea

Marcello A. Giorgi
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Coniding every 1dirm requires burncry COmMpressor arnld deCompressor in tne
ring BUT collision with crossing angf(e dpesn't need beam compression

With large crossing angle X and Z are swapped

Marcello A. Giorgi
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Crab waist

Against the unpleasant ‘Long Range Beam Beam'
instead of simply increase the x-ing angle (then
reduce the lumi) P.R. applies the travel focus
idea in the transverse plane since x and z are
swapped.

Vertical waist position in z is a function of x:
Zy_waist(x)=x/6 Crabbed waist

All components of the beam collide at a
minimum f3,

the geometric luminosity is higher

the bb effects are greatly reduced

@ -

Marcello A. Giorgi
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[ AR Y
LI 4
n

Vertical waist has to be a function of x:

Z=0 for particles at -o, (- 0,/4 at low current)
Z= c,/0 for particles at + o, (0,/2 at low current)

@ -

Marcello A. Giorgi
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Solution 2

9-10 May 2006

ILC ring with ILC FF
Uncompressed bunches
Colliding every turn
crossing angle=2*25mrad

7+4GeV

arcello A. Giorgi

3 Km




Flat case, Collisions in the Ring, Uncompressed Bunches

_—

Npunches=2000| 3Km ring

Crab focus on in vertical plane

X_crossing_angle=2*25mrad

C,=4mm c,.=DMeV G, | minosity=/MeV

£,=0.4nm 8y=0.002nm €,=4.0um

Collision_frequency=500MHz

Lrnuititurn=0.8%10% (Lgingieryrn=1.27103¢) with Np=2*101

Vertical tune shift as in PEPII! (similar currents but 100 times
higher luminosity and 100 times smaller 3,)

Projected 6,=6,*Cross_angle=100um, as in PEPII!

L=1.6*1036 with Np=4*10%°

Luminosity higher with further simultaneous squeeze of

Bxand B, .
@ -

Marcello A. Giorgi

9-10 May 2006



More on 2

* Possibly to operate at the T with L=10°"

 To be studied the possibility to run down to @

* Total cost about half ILC ¢” DRs (2 e+ 6km rings in
ILC)

* Power around 35MW, to be further optimized (goal
25MW)

 Possible to reuse PEP-II RF system, power supplies,
magnets, vacuum pumps, etc., further reducing the
overall cost

* Needs standard injector system, probably a C-band 7
GeV linac like in KEKB upgrade (already designed)
(around 100Meuro)

Marcello A. Giorgi
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Result of

simulation (Guinea Pig)

w10

4000 ———

2000

1000 -

-1000 -

L L : -4000

Horizontal Plane

ool .

i o+

511 S

Gooof

Vertical Plane

Collisions with uncompressed beams
Crossing angle = 2*25mrad
Relative Emittance growth per collision about 1.5*10-3

(gaf'rer'_collision/ Epefore_collision—

9-10 May 2006

1.0015)

Marcello A. Giorgi
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SuperB vertical blow-up Ohmi’s weak-strong code

2e+36 I T T T I | I
1.8e+36 |- ' -
1.6e+36 | .
1.4e+36 -
1.2e+36 |- -

1e+36 |- R

8e+35 |- -

6e+35 |- =
4e+35 -

26435 | | | | | | |
-15 10 -5 0 5 10 15 20 25

K2
K2 is the strength of the sextupolar nonlinearity

intfroduced to have crab waist
@ -

L (cm-2s-1)

Marcello A. Giorgi
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‘SuperB vertical blow-up Ohmi's weak-strong code

0.16 — T
0.14 | -
0.12 | -
0.1 -
0.08 | .
0.06 | .
0.04 | .
0.02 | n -

sigy (um)

15 10 5 0 5 10 15 20 25

Marcello A. Giorgi
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Total Wall Power (66% transfer eff.): @

cm og=0.9x107

LER 4 GelV HER 7 GelV
C (m) 3006. 3006.
B, (T) 1.6 1.6
Lpeng(m) 5.6 11.2
B (T) 0.078 0.136
Uo (MeV/turn) 4.6 7.8
N. wigg. cells 8 =
7, (Ms) 175 18.
T, (ms) 8.8 9.
g, (nm) 0.54 0.54
o 1.1x10-3 1.45x10-3
Tieam (A) 2.5 1.4
Poeam(MW) 115 10.9

0.5x10-3

9-10 May 2006
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PLANS :(Possible test in 2007) DADONE (M.Zobov, LNF)

Hirata's BBC code simulation
(weak-strong, strong beam stays gaussian, weak beam

has double crossing angle)
* N,= 2.65x101° 110 bunches

I, = 13 mA (present working current)
* o, =300 um,o,= 3 um

By=03m, B, =65mm
o, = 25 mm (present electron bunch length)

0 =2x25 mrad
Yip = y+0.4/(6 * x * y') crabbed waist shift

* L,=2.33x10%* (geometricc
. ,(1143A) (7.7x10°2
" Lequi @ Factor 3 above design lumi!

@ -
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Beam Pipe Radius

* Small beam pipe radius possible because of small beam size
- Studied impact of boost on vertex separation (B>nn)

- Beampipe hypothesis (no cooling) 7+4GeV
* 5Sum Au shield to protect from soft photons
* 0.5cm = 200um Be and 5um hit resolution (0.21% XO0) Boost BY:-ZB
* 0.5cm = 300um Be and 10um hit resolution (0.24% XO0)
« 0.5cm = 500um Be and 10um hit resolution (0.29% X0) Instead of 0.66

- Rest of tracking is Babar

'52['-'""'-""I'S"'l't_'-'|""L - Al R B U R T
Ed ™ - n = £ _
% 18 ---BaBarvalue Separaton - o - S 'IERTEY  broper time ]
E 15:_ - b&ampipe 0.5cm SlgnlfICanCe ’/-"II _: E, .2 - M cearpce | fom . p E
145_ Il beampipe 1.5cm / g "I resolution o
12__ /.f’ e 08 :— = —:
¥ P 1 _
10— = B . |
E /l/ a E 05 — ..-.-..-...-_..--...-...--...--...-..-.-.-.5.@@.@[....--. —
8 e P il - = : v -
o A et B e .
- ] 5 A
4 ./ _,r-""-i;—*‘”' o — . " B 8 i~
o f,::;‘:..f"f ................................................ 5 S DU T
— ] L X 0.2 0.3 04 0.5 0.6
|, S A | ] L I Ii‘
001 02 0.3 0.4 05 0.6 f

fiy

—— ree—y ——— - S



Beam Pipe Thickness

* With 1.5A beam currents the beam pipe
will require cooling. 7+4GeV
- Beampipe design is being developed Boost py=.28
- Study effect of beampipe thickness Instead of 0.56

- Assume boost=0.28  _ .. I——

G 0o [ I teermreosem Proper time E

B>nm qecay . § o e difference =

* 10um hit resolution  * wf resolution 4 -

: ospaBar .. S =

+ > lcm beampipe i P o

should allow good uf & A ) L

L

performance even of g » =

with $y=0.28 2E 3
°02 04 06 08 1 12 14 16 18 2

X, (%)
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Energy

(Under Study)

+ Is it interesting to run at different energies ?
- Y(5s): not an issue for the machine
- oscillation of Bs rapid for TD analysis

Required resolution
very hard to obtain

Still it might be
possible o measure y
through time-
integrated
measurement
branching fractions

B.~>D¢
B,~>Kn*n0

9-10 May 2006
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Energy IT (Under Study)

-

Is it interesting to run at the tt threshold or

at the y(3770)?

- Luminosity will be around 103°
- Still more than at tau-charm factories
- Studies going to on on physics case

» Absolute D branching fractions, rare decays

* Form factors
 Unitarity tests with charm
* D mixing ? Use
coherence of initial
state

« CP violation
Boosted operation

- TIs there something
to be gained
to run at low energy
with boost ?

- It might be possible
to separate
(a little bit) the
D vertices

9-10 May 2006

full data set
CLEO-c

0.75 /b
BESIII

15 /b
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Detector comments

Detectors don't require a major R&D

Background should be lower than in Babar,
even with a smaller radius beam pipe. (from
3cm to 1.cm). Simulations are currently run.

Must be more hermetic than Babar and Belle.
PID in forward/backward

By reducing Lorentz boost higher resolution
vertex is needed (MAPS?)

Marcello A. Giorgi
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Silicon Vertex Tracker

- Vertexing =~

. . . . /

- Two monolithic active pixel /
layers glued on beam pipe /
 Since active region is

only ~10um, silicon can \\

be thinned down to ~50um.
* Good resolution O(Sum).

* Good aspect ratio for small x5 scale with 10mm radius
radius (compared to strips) BP, 6mm pixel chip

* Improves pattern recognition robustness and safety
against background

* needs R&D: feasability of MAPS, overlaps, cables,
cooling

* Quite a bit of R&D going on on MAPS
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MAPS R&D IT

ST 0.13um triple well technology
Single pixels tested with source

Full signal processing chain

+ SLIM chip
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Focusing Aerogel-RICH to cover front/back
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- New imaging technique by introducing multiple radiators
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International study group

An international Study Group was set up coordinated by
a steering committee with the aim of preparing a
document (CDR) by the end of 2006. Next 2
workshops :

+ 14-17june 06 in SLAC
« october 06 in Rome.
M.A.G. coordinator

Members: 1 Canada,2 France, 2 Germany, 2 Italy, 2
Russia, 25pain, 2 UK, 4 US.

Activity is documented in

http://www.pi.infn.it/SuperB
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