(Super Flavor Factory)

MarceloA. Giorgi

) Universita di Pisa & INFN Pisa
(S November 28,2008
Plenary ECFA
CERN

D
28 Nov,2008 Marcello A.Giorgi <3upe,g> 1



SuperB: a 103 cm™ s™! accelerator

SuperB 1s a project sustained by an international collaboration
aiming at a regional project:

« the construction of a very high luminosity (10°° cm™ s!)
asymmetric e e” Super Flavor Factory, with location at the
campus of the University of Rome Tor Vergata, near the INFN
Frascati National Laboratory

* A Super Flavor Factory such as SuperB will open a window on
NEW PHYSICS complimentary to LHC and ILC

* The physics studies possible at such a machine will provide a
uniquely important source of deeper understanding of the NP
found at LHC, and if not found, will bring a sensitivity to seeing
signs of NP at even higher energies than LHC to help set the
scale of NP

* A Conceptual Design Report, signed by 85 Institutions was
published in March 2007 (arXiv:0709.0451 [hep-ex])

@
28 Nov,2008 Marcello A.Giorgi <3upe,3> 2



20N
JLY

Manchester (‘07) : PRl i T Signatures

o ema O About 85

‘ o Institutions
) 174 Babar

ST O members

65 non

T
] B |
-
-

=

=i ) Babar.

O pdate on betectao
A alerato DI e >
Der B concep Dad

Quick update on Physics Program and Detector

Accelerator test results
Updateon Processand Organization for TDR

28 Nov,2008 Marcello A.Giorgi 3




After CDR

SuperB workshops and reviews of Physics motivation and
machine project.

* Topical meetings on Machine, Detector and Physics (main
physics meeting in Valencia Jan.7-15,2008).

e Main General meeting in Elba may 30-june 2,2008.

IRC appointed by the President of INFN in summer 2007:

* Preliminary meeting in Rome end July 2007 (committee with
INFN management and proponents)

* First review meeting in LNF Nov. 12-13, 2007.

* Final meeting before report to President of INFN 1in Rome,
Apr. 29-30, 2008 .

Machine advisory committee (MiniMac) appointed after Elba.
* Meeting on July 16-17,2008 1n Frascati.

@
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SuperB major meetings

7N\
SuperB
|

May 2008 SuperB Meeting

La Biodola, Isola d'Elba

Proceedings May 31st-June 3rd, 2008
Of Istituto Nazionale Fisica Nucleare - Sez. Pisa
S uperB WOI‘kS hop -V-I Universita' di Pisa, Dipartimento di Fisica

Scuola Normale Superiore

New Physics INEN el
at the
Super Flavour Factory Attended by ECFA ad hoc
Valencia, Spain &chommlttee

January 7-15, 2008

Update on physics (potential discovery of New Physics with a 75 ab-1 in 5 years ) for B,
Charm, Tau’s and new Spectroscopy . Examine carefully the potential benefits of running
at 4 GeV c.m.s. Energy and of the Polarization.

Organize the preparation of the simulation tools to evaluate the correct experimental
sensitivity to the most relevant physics channels
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Reviews

on Review (ommittee —~ o~
J AN AN/ ) g

HORE VAR I ~v DOE Particle Physics Project
Prioritization Panel (P5)

— John Dainton — UK/Daresbury, chair Report released May 2008

- Jacque.s Lefrgncois — F/Orsay Recommend significant US
— Antonio Masiero —I/Padova Participation in offshore flavour

— Rolf D.Heuer *- D/ Desy factory in the intermediate funding
— Daniel Schulte — CERN scenario

— Abe Seiden — USA/UCSC

— Young-Kee Kim — USA/FNAL — : . .
B Hiroaii Aihara — Japan/Tokyo Mini Machine Advisory Committee
+ Tatsuya Nakada (RECF A) — Klaus Balewski (DESY)
+ Steve Myers — accel expert — John Corlett (LBNL) _
— Jonathan Dorfan (SLAC, Chair)
Report released at the end of May 2008 — Tom Himel (SLAC/ DESY)
The — Claudio Pellegrini (UCLA)
Y — Daniel Schulte (CERN)
“recommend stron gly continuation of _ Ferdi Willeke (BNL)
work for 103 cm™= st asymmetric e*e dv Wolski (Li |
collider.” — Andy Wolski (Liverpool)
— Frank Zimmermann (CERN)
First meeting in July 16-17,2008
g y
(*)R.D.Heuer attended only the last meeting No glaring showstoppers
Form a management structure

&
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John Dainton

Comments on i IRC First report | =

June 157 2008

5. Conclusion

"CVICW S
A SR - recommend strongly continuation of work for

1036 cm-2 s-! asymmetric e*e collider

. . e even more concerted effort to fully evaluate
* Link to meetlngs and physics potential <> machine specifications
I'epOI'tS: e major design program to establish credibility

of machine now critical « showstoppers?
e MAC now essential
e preservation of detectors

e Dainton committee =2 PEP2 components

‘lb, increasing global involvement if tfimescale for

o Mlnl MAC a TDR is to be met

*Very exciting project -- Committee is exhilarated by the challenge

*Physics requirement of 10**36 cm-2 sec-1 or 75 ab-1/5yr is very demanding
*Committee considers the SINGLE MOST ESSENTIAL ingredient for moving
forward is the formation of a sanctioned management structure which formally
incorporates a dedicated machine design team. The team members must have the strong
support of their home institutions to work on the design. The team needs a designated
leader, who 1s as close to full time as is possible

*The Committee sees no glaring showstoppers wrt achieving the design performance.
However, in several key areas, more work is needed before the design can be blessed
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B Physics @ Y (4S)

3% (1)
5%
0.004 (1 #)
0.0
0.004 (1)
0.006 (1)
0.02 ()
0.10

1%
9%
5%
20%
possible

Error with 30 ab™?

0.03 ps*
0.01 ps~*
8o
0.004
0.004
< 8x107°
0.017
T
30

11°

wDservanle & racrories (2 2b 1) SuperB (75 sb™) Observable B Pactories (2 ab™")
sinf28) (J/h K9 0.018 0.005 (1) ' | Vi {exclusive) A% ()
cos{(28) (J/2 K*°) 0.30 0.05 ‘ V| (inclusive) 1% (%)
sin(2¢) (DR°) 0.10 0.02 V| (exclusive) 8% (%)
cos{20) (DR°) 0.20 0.04 |Vis| (inclusive) 8% (*)
S(Sfy x%) 0.10 0.02
S(DTD™) 0.20 0.03 B(B _ TV) 20%
S{¢pK") 0.13 0.02 (%] B(B - PW) visible
Sy K 0.05 0.01 (#) B
S(EUKIKD) 0.15 0.02 {) B(E — D) 10%
S(K ") 0.15 0.02 (%)
S(wi?) 0.17 0.03 () B(B — ) Lo%
S(fKD) 0.12 0.02 (%) B(B —w) 30%
Acp(B — K*) 0.007 (1)
+ {B — DK, D — CP eigenstates) ~ 15° 2.5° ACP(B - P']’) ~ 0.20
~ (B — DK, D — suppressed states) ~ 120 2.0° Acp(b — S’}f) 0.012 (‘1’)
~ (B — DK, P — multibody states) ~ 0 1.5° Acpb— (s +d)y) 0.03
v (B — DK, combined) ~ 6° 1-2° S(K2x"y) 0.15
S(p"™y) possible
a (B — #x) ~ 16° 3°
a (B — pp) ~7° 1-2° (%) Acp(B — K*é8) 7%,
2] (B — ,071) ~ 120 Ez AFB(B — K*ff)&‘g 25%
@ {combined) ~ B 1-2° () AFB(B _, X, 08)s, 5%
20+ (DO4n%, D) o0° 5 B(B — Kuvr) visible
B(B — xvp) -
T Physics Sensitivi :
y v | B, Physics @ Y(5S) —
B(T — U ﬂ'}f) 2 X 10_9 ATl 0.16 ps*
9 r 0.07 ps~?
B('T — € '}’) 2 X 10_ s from angular analysis 20°
AS 0.006
: —10 Sk
B(T — f—’*l—*".u') 2 X 10 Acy 0.004
—10 B(B, — ptp) -
B(1 — eee) 2 % 10 Vialbal 008
B(T N ;_”7) 1 x 10—10 B(B; — vv) 38%
3, from J/v¢ 10°
B(r —en)  6x107%° g from B, — K'K" 21
B(r = ¢K)) 2x1071°

Charm mixing and CP

Made Observable  ¥'(45) W (3770)
(75 ab™!) (300 7Y
DY Ktn— z'? 3% 107"
y' 7x10°*
D" —RYK~ yop 5x 107*
D' — Klxtn~ T 4.9 % 107*
y 3.5 % 1074
q/p 3% 1072
& 2°
P(3770)— DD 2t (1-2) x 1077
Y (1-2) x 1072
cos & (0.01—0.02)
Charm FCNC
Channel Sensitivity

1x1078
2 %1078
3x1078
3x10°%
1x1078

D' wsete, D" > ptp~

DY — gYetem, DY - xutpu~
D’ — pete, D" — nutp~
D' - Klete, D" — Kutp~

Dt s gtete™, DY - atutu~

1x10°8
1x1078
2 x 1078
3x1078
3x10°%

DY s etpT
Dt s atetut
D° — gPetput
DY = petuT
D° — K%*tu+

1x1078



Higgs-mediated NP in MFV at large tanf3

" , R
Mg 2
BR(B—1v)=BRgy(B—Tv)|l-—tan"p
H
3 7
< 2 ab’! < 10 ab™!
S 2ab? S 10ab™"
2ab" -
1 1
M,~0.4-0.8 TeV 5 D
for tanp~30-60 e T
tan B tan 8
~ 75 ab™! ‘ - . )
e 75ab-" - & How signal would like
SuperB -75ab! = : 2 with MH=350GeV
My~1.2-2.5 TeV ] _ g
for tanp~30-60 I g 20
10 20 30 40 50 60 70 8l g
Importance of having very large sample 275ab-! 10 -
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COMPLEMENTARY: LHC and Flavour with 75 ab’!

AND «
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Importance of having very large sample >75ab-!

Determination of coupling [in this case : (8,3);{]

with 10 ab! and 75 ab’!

;J . . ;J L
~  10/ab ~ | 75/ab
=3 =)
N—" N—",
SM_
______ ©

Re (013)1L Re (013)ur

D
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ISalso at factory 2 golden measurement LFV

(Complementary to L = € 7)

Process Sensitivity B, S O O el
B(r —pvy) 2x107° 11 AT P
B(r —ey) 2x107° §F' e i 1t

( | : . F - r
B(r — un) 4% 10710 Jr1"“'< i_'H,]_L
( i N

B(r — en) 6 x 1010 f!
. FUItNET 1IMProvements 11 polarized beams.
B(r — (K" 2 x 10710 B B
90% CL limits < || |—ToNY
Br (v : - e:'if) < 121x 110'_385 g i — vy (no pol)
Br(x-—>wy) < 41x10 2 |—t—uvvy (with pol)
Br(x - >ey) < 11x 10¢ € |
Br(x- >py) < 67x 103 TV
€ 7
Optimization of BKG rejection isin progress. Pol. 2 : N
Helpsalso to discriminate models. | n some model =
thereisa strong effect on the angular distribution v

(see hep-ph/9604296, Y.Kuno, Y.Okada, u — ey Search W|th Polanzed Muor‘ls) 3 1
*MuonCharge
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Comparison with Snowmass points on Tau using also

Polarization
SuperB with 75 Mi 2 (GeV)

ab-1, evaluation Ta 250 100 -100 10 >0
assuming the 1b 400 200 0 30 >0
most 2 300 1450 0 10 > 0
conservative 3 400 90 0 10 >0
scenario about 4 200 400 0 50 = 0
Syst. errors 5 300 150 -1000 5 >0

¢ NP predictions for experimentally constrained SUSY in a number of standard scenarios
B.C.Allanach et al., hep-ph/0202233

Snowmass points predictions SuperB
1a 1b 2 3 4 5 90% UL 4 disc.
BF(r —» uy)x109 42 79 018 026 97 0.019 2 5
BF(r —» 3u)x10°12 94 18 041 0.59 220 0.043 200 880

SuperKEKB worse by a factor 2.5 and 4.5 in T— Wy and >5 in t— 3u

(5]
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Start with the expt. with u [A8: = ay" —a, = (3£1)x 107

assume SuperB at 75 b=, [80% e~ beam polarization

extend to all tau decay channels
combine 2 measurement methods for Re{F»o}

studies on simulated events show no limiting syst. effects

Snowmass points predictions SuperB
ia 1b 2 3 4 5  exp. resolution

Aa, x107° 31 32 16 14 48 1.1
Aa-x10®% 09 09 05 04 14 03 <1

SuperKEKB, without beam polarization, expected worse by factor ~ 10, and worse systematics

Make use of all the informations (total x-section,angular distribution, f-b asymmetry.
Measure Re and Im parts

28 Nov,2008 Marcello A.Giorgi 15




Arg(q/p)

CP Violation in charm

Mode Observable  T(45) P(3770)
(75 ab™!) (300 b1
D= K*x~ r'? 3x107°
Yy’ 7x 107*
D’ —K*tK~ yop 5x107* o g\
D’ — Kgrtm™ x 49 x 1074 ' ' T TR
Y 3.5 x 1074 la/pl
la/pl  3x 1077
¢ 2 %D- ' [Future B faciory: 75 ab” .S ' B
_ — _ o [ uiure acrory. T uner
W(STTOJ_’DDD z? (1-2) x 10 ° 30_2'_ True value = (0.90,0) i pl
y (1—2) x 1073 : ' | |
cos d (0.01-0.02) 0.1 -
o
01— i
| [
] 1o
-0.2f gc
N o
- 4
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Charm at threshold

e Charm events at threshold are very clean: pure DD, no additional
fragmentation

» High signal/bkg ratio: optimal for decays with neutrinos.

e Quantum Coherence: new and alternative CP violation
measurement wrt to Y'(4S). Unique opportunity to measure D%-D°
relative phase.

» Increased statistics 1s not an advantage running at threshold: cross-
section 3x wrt 10GeV but luminosity 10x smaller.

e SuperB lumi at 4 GeV = 10* cm2s! produces ~10° DD pairs per
month of running. (using Cleo-c cross-section measurement

c(ete—D'DY%)~3.6 nb + o(e*e—D'D")~2.8 nb ~ 6.4 nb)
* Time-dependent measurements at 4 GeV only possible at SuperB.

&
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Time dependent measurements at DD threshold: only possible at SuperB

Vix Z sigma (um)

Proper time resolution dominated by decay vertex resolution.

100

80

70

60

50

30

20

10

— Production vertex precisely determined thank}/to nm beamspot dimensions

4 )
FRARA A 2/ SuperB lumi at 4 GeV = 10 cm2s°!
- - E produces ~10° DD per month
%: SuperB nominal boo E \. J
3
= b ERe
3 ) v E Byct =0.28 x 120 um ~ 30um
— . . 3 Average flight distance similar to
3 . : = vertex resolution — c,~1
Ragbrne noly s n Bl 04 ag—— " - J
By

'+ 0]
N

Error on lifetime =

\.

( Resolution is still adequate for time dependent measurements’

)

T

JN

(wrt perfect resolution)

Y,
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SuperB Detector

 Babar and Belle designs have provento « Moderate R&D and engineering
be very effective for B-Factory physics required

— Follow the same ideas for SuperB — Small beam pipe technology

detector o )
: : : — Thin silicon pixel detector for first
* A SuperB detector is possible with layer P
today’s te‘chnology. Main issues: _ Drift chamber CF mechanical
— Machine backgrounds — somewhat structure, gas and cell size
larger than in Babar/Belle _ — Photon detection for DIRC quartz
— Beam energy asymmetry — a bit smaller bars
— Strong interaction with machine design — Forward PID system (TOF or
« Try to reuse parts of Babar as much as focusing RICH)
possible — Forward calorimeter crystals
— Quartz bars of the DIRC ](\I;_SO) o o

mechanical structure Instrumented flux return

— Superconducting coil and flux return - Electrogics and trigger
yoke. — Computing — large data amount

&
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Detector Layout — Reuse parts of Babar (or Belle

BASELINE
’ ”

Py || -
e N —— SRR LR | LLLALE A KA A AAAAAAAA I“ yle
- ' = . - ||I
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> PHT SHIELD —\ _\
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= | ,—-ﬁ:-%l e !
. . == T = ﬁ
N = 1 e
I Jo_F TATIONARY WE i
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..and R&D for new components

« Beam test september ‘08 (@ CERN (T9). Main goals:

I\‘ TYY T ™ ' g T Y

e

| : T
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Efficiency plateau 80+90%
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< 18um
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: High Luminosity for physics requirements

NN
E — ,fCO].l. X £ £ x@ometrical

eduction
factor

N ( Ne¢ ) is the number of positrons (electrons) in a bunch
feon 18 the collision frequency
ox (oy) 1s the horizontal (vertical) r.m.s. size at the I.P.

Ri 1s the Luminosity Reduction factor by incomplete overlap: crossing angle and
“hour glass™ effect.

*TRADITIONAL (brute force): increase the numerator Currents increase: from 1A on2 A up
to 4.1 A on 9.4 A- Wall Plug Power, HOM,CSR: hard to surpass 5 103> cm?s! Crab Crossing
to increase R| and to optimize beam dynamic

*SuperB: decrease the denominator (same currents as PEP-II) Bunch sizes:
from o, = 3um down to 6, =40 nm Luminosity: 10°® cm*s™! ( baseline) . Crab Waist and large
Piwinsky angle to optimize beam dynamic

&
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..and Crab }Vaist in Da®ne upgrade at FRASCATI

Geometric Luminosity (95)

Fo.0-
—> O = 3.5Um
B0 y
L
400 Wl Position
loazeE—1 |
30.0- .d-.MaxF'osr@
20.0- BSE-2 B
100 : | [ Saale Factofl |
- 6173E+1 |
0.0- 1 I ] 1 1 i 1 o A Beale Fotr
200 150 —100 -50 00 5o 100 150 200 i‘ﬁmﬁ
o — te o m Chi squarel
up<ioes| 3o :|H—1_50E+1 ”Ho ”HE.QSE—Q | e | ]

S, =40, +0, T =I"0.88

Large Piwinsky angle and “crab waist” with a pair of sextupoles/ring (@ = tg(0)o./c,)
Currents comparable to present Factories,lower backgrounds, less HOM and instabilities.

@
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4] ® 130KV, new, FwHM2.36 w0 .
& 130kV, old, FWHM/2.36 ith{ICE B
Da¢ne teSt 25 u 1|30kV,uP|grade,F:NHM/2.36 ..V:Io" - g]um& |- NO saturation
o - 27 -
.l bef()re ’..q W|thoEtICE _ ‘LFH"_—
. | ° ¢ | '}q“ -
2,5 5 — W - H’*’T * .
. w L | CRAB Optics
¢ o ] T P9 r .H”
s . R W /0008
s P 0 ft w |- J W /6052008 4 months
15 [0l aiter _ 7 S| 200042008 3 months
1 o i o ,«"" MR
0 5 10 15 20 25 30 35 _.f |
"_"' L-J'r‘"lrhl IJII“‘IIIM |
ooz - o |I‘L,.Ln -
. s Wf KLOE FINUDA
o - 4 T L 124042007 Finuda best
Sl e |‘ - 167092005 17 months
S Bl /5092004 4 months
1.153E+5 N - 230742004 3 months,
7 s a..f az.f i25 15 im 2 ??f Y
Lﬁ?f4nqp ANbunc
Roundness
0193
coupling %
1.864E+2 " aay o ' 1.086
Blow-up in beam Crab OFF
sizes and decrease

Bhabha rates with
crab sexts for one
ring OFF (other ring Crab ON

@
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Polarization

« Polarization of one beam is included in SuperB
— Either energy beam could be the polarized one
— The LER would be less expensive, the HER easier

— HER was chosen

* Longitudinal polarization times and short beam lifetimes indicate a need to
inject vertically polarized electrons.

— The plan is to use a polarized e source similar to the SLAC SLC source.
e There are several possible IP spin rotators:
— Solenoids look better at present (vertical bends give unwanted vertical

emittance growth)

@ Expected longitudinal polarization at IP ~
87%(1n)) x 97%(ring) = 85%(eftective)

@ Polarization section implementation in
lattice 1s 1n progress

25

long. Spi transv. Spin Crilb Sext
2 otato Rotator Avx=4.50
) . Avy= 3.250
! \\ Avx=3.7553 X

2222222




SuperB parameters wrt SuperKEKB

Nominal Upgrade Ultimate SuperKEKB
PARAMETCR LER (e+) HCR{e) LER({e+) HECR (e’ LER {e+) HER (e-) @ LER (e+] HLR {e-)
Energy (GeV) 4 7 4 7 1 7 35
Luminosity x 10% 1.0 2.0 4.0
Circumference (m) 1300 1800
Revolution frequency (MHz) D167
Efl. long. polarization (%) —> 0 &0
RF frequency (MHz) 476
Momentum spread (x10% 7.9 3.6 9.0 8.0
Momentum compaction (x10'% 3.2 3.8 3.2 3.8
Rf Voltage (MV) 5 83 8 11.8 17.5 27
Energy loss/turn [(MeV) 1.16 194 1.78 2.81
Number of bunches 1251 2502 5000
Particles per bunch (x10""! 5.52 6.78 12 | &
Beam current (&) — 1.85 3.69 94 | 41
Beta y* (mm) 0.22 039 0.16 0.27 3
Beta x~™ {mm) 35 20 200
Emit y (pm-rad) 7 4 3.5 2 45
Emit x (nm-rad) 2.8 1.6 1.4 0.8 9 (24)
Sigma y" (microns) 0.039 0.039 0.0233 0.0233 0.367
Sigma x™ (microns) 9.9 3.66 7 4 42
Bunch length {mmj 5 4.3 3
Full Crossing angle (mrad) 48 30
Wigglers {#) 20 meters each 1] D 2 2
Damping time (trans/long)(ms) 40720 40720 2014 28/14
| uminnsity lifetime (min) b7 135
Touschek lifetime (min) 20 40 38 20
Effective heam lifetime (min) 5.0 5.7 3.1 2.9 i
Injection rate pps (x10""] (100%) 2.6 2.3 5.1 4.6 "0 " 9.4
Tune shift y (from formula) =—p 0.15 020 0.405
Tune shift % {from formula) —» 0.004 Q025 0.0059 0034 0.209
RF Power (W) &) )

L uminosity doubled by doubling

currents and wall power by a factor 2

Marcello A.Giorgi
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SuperB expected LUMI

>80ab-1 after 6 years

Integrated Luminosity(l/ab)
Peak Luminosity (10"35)

30.00 140.00

120.00

25.00
/ 100.00
20.00 /
80.00
15.00 - /
60.00
10.00 - 40.00 /-/

5.00 - 20.00 /
0.00 — - ______________ e — _ 000 TET AT T T T T T T T IT T I T IT T T IT I ITrrrT TTT T T T T T I T I T T I T I T T T I T I T IT T ITTTT

With 7t year integrated Luminosity can grow at rate of ~40 = 60 ab-'/year

D
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SuperB on Tor Vergata site

a*

f i
. . .? L ] e
8 _ ¢ J," ’/‘*—f— -~ +
[ . .

S*uper' Experimental Hall & Transfer Line
| -
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Cost estimate

The total

Expected :

* 1n kind

estimated Project costs 1s ~500 M€.

| contribution from SLAC with a large fraction

of the

PEP-11 components.

* From Lazio government for the infrastructure and

TDR

Still the remaining cost 1s ~200 M€ including detector
after reuse of large part of BaBar components

An 1nternational consortium 1s foreseen for the
construction phase and for the operation operation

A project office for TDR 1is being built.
We are 1n the phase of building a strong team for TDR

28 Nov,2008
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SuperB Organization Chart for TDR Phase
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Conclusions

The result of crab waist tests has been satisfactory.
SuperB 1s entering in the TDR phase.

Project Office 1s being completed and project team 1s
being assembled.

First organization meeting of collaboration to start
officially the TDR phase in Paris (LAL) on Feb 15-18
2009.

MiniMAC review soon after (possibly contiguous).
Physics workshop 1n Warwick on April 16-19,2009.
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