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Plan of the talk

“*The INFN SuperB project
*** Not only B mesons: heavy baryons production

**Outline of a possible layout & experimental
program



PN The SuperB Project: a major new particle physics centre

Supors Key Features

* New European Accelerator Facility to be sited in Italy, ready by ~2016
— At Y(4S), 6.7 GeV positrons on 4.18 GeV electrons, 1.3 km circumference
— Y(4S) decays primarily to B-meson pairs.

High Luminosity (100 x current records)

— >10%*cm™? st : 15 ab/year rising to 40 ab'/year in later years
— 1ab!=>1 billion B-meson pairs, 1 billion D-mesons and 1 billion tau pairs
— 75 ab? by ~2022
* Polarization
— 60%-85% polarization of electron beam
— Improves physics reach by factor of 2 in some regions
* y(3770) to Y(5S) and beyond
— Canscan a large energy range.
 Charm Threshold Running
— ~4 months running at 103> cm™ s equivalent to 20 x future BES-Ill dataset.
* Light Source
— 30 x brighter than ESRF or Diamond Light Source.
* Computing
— Onthe scale of a non-upgraded LHC experiment.

11th October 2011 Fergus Wilson, STFC/RAL STORI11

SuperB



SuperB Physics Goals @l

* |dentify the flavour structure of New Physics.

* Sensitive to New Physics through flavour properties; CP Violation
asymmetries in B and D decays; and rare decays.

* Probe New Physics scales up to 10-100 TeV through indirect
measurements.

* Different New Physics models predict a different hierarchy of
results => multiple measurements needed.

e Search in both the quark and lepton sectors.

(good SM prediction + good experimental
resolution) e.g. inclusive b—sy, B—Kvv, B—1v, T7—povv
* Physics capabilities published in arXiv:1008.1541 and
arXiv:1109.5028

11th October 2011 Fergus Wilson, STFC/RAL STORI11


http://arxiv.org/abs/1008.1541
http://arxiv.org/abs/1109.5028

SuperB beam parameters
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[ M.E. Biagini @ XVII SuperB Workshop, La Biodola, May 28-June 2, 2011 ]




The Detector

Reuses much of BaBar e.g. Csl crystals
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Key parameters to study also heavy baryons @ SuperB |

ete Beam Radius | Luminosity
Collider at I.P. (um) | (103° cm2s1)

DADNE H: 800 450
(Frascati) V:4.8 (1000)
BEPC-II H: 380 330

(China) V: 5.7
PEP-II H: 157 12069
(SLAC) V: 4.7
KEKB H: 124(e’) 21083
(KEK) 117(e*)
V:0.94
SuperKEKB H:11(e) 8 x 10°
(KEK) 10(e*)
V: 0.062(e)
0.048(e*)
SuperB H:7.4 >1 x 10°
(Italy) V: 0.04

cTgt = 491.1 um I:> Betg: (@ 1.3 GeV/c) ~ 118 um



Key parameters to study also heavy baryons @ SuperB Il
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Bottom baryons at the SuperB?!?

Outof reach!  E,,, =10600MeV < m(A%A,) = 2 x 5620.2 MeV = 11240.4 MeV

4

Outofreach! E,, =1020MeV <  m(A°A°) = 2 x 1115.7 MeV = 2231.4 MeV
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How it could work at SuperB

e~ + et —
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Huge cross section on nuclei for slow B

BeX
B+ 2Y, +7

A slow B~ meson (as those produced at the SuperB) has
access, if it impinges on a target, to only another strong
interaction channel:

B+N,,,,s 2 B+ N,,,.q the charge exchange reaction.

This reaction, however, has a threshold (@ 0.34 GeV/c for
free N), and, hence, it is expected to give a small
contribution in the momentum range of the B~ meson
produced at the SuperB. The BeX Reaction, instead, is
accessible also for B when its occurrence would of the
order of 100%!

stopped’
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Figure 41.14:  Total and elastic cross sections for K™ pand K ~d [total anly), and X" n collisions &5 a function of laboratory beam momentum

and total center-of-mass energy. Corresponding eomputer-readable data files may be found at hetp: //pdg. 161 . gov/current fxeect/. [Courtesy
of the COMPAS Group, [HEP, Protvino, Angust 2005)
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Y,=A4, 2%, 2+, (and, it may be, =,)

Which is the game?

-Put a suitable target as near as possible to the I.P. in order to
intercept the produced B before they (all) decay.

- The intercepted B~ will start to slow down, and will continue to decay, but
they can also make a BeX reaction with a high cross section that, moreover,
will increase more and more as they are slowed down.

Why SuperB is suitable to try for this game?

-Since the beam dimensions at I.P. are very small (few um)

- Since it has a high Luminosity, so a significant flux of flying B~ can survive decay

- Since its B are slow, and hence very effectively slowed down in a target, meaning
higher and higher BeX cross section.
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Is the game worth to be played? A few numbers will help to answer

e~ + et —

target acceptance + stop efficiency: = 7%

detection & reconstruction efficiency:

Note: not considered any enhancement due to a possible A%? yield increase

o=1.1nb L=1x10*®cm?s! | =1.1kHz
B~ 4+ Bt =~ 550 Hz
B- surviving probability: = 0.7% ~ 4 Hz

(up to the “useful” distance)

daily duty cycle:

~80% ==

~ 10% ~ 0.028 Hz

~ 0.28 Hz

~2x103 events/day

15



The configuration of the SuperB I.P. plays a relevant role
for the shape and position of a target

et (6700 MeV)

e~ (4200 MeV)

42.519 GeV/c

\ 4




Angular distributions of B* from Y(4S) decay at SuperB
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The Gold Nozzle
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3D-view

The d is the distance to minimize (in this drawing, as an example, it is 0,31):

it is the average path in vacuum of the B- mesons before entering the material (*).

If Ois the B flight angle and r the nozzle “troath” radius, we have that:

d=r/sin@, for a nozzle entrance cylindrically shaped. d is proportional to r. So, if

r=0.05, d= 0.18 for <6>=16"°. Shorter d can be obtained by further squeezing the

nozzle radius at the I.P. where the beams have minimum radii, as depicted in the figure.

After the nozzle “troath” the radius of the nozzle can increase to follow the e* beam divergence.

The nozzle position could be further shifted down-boost and its lenght shortened, if convenient.

The proper material for the nozzle should be selected considering the heating during normal

operation and the power deposition in case of beam losses: Au seems a convenient choice.
("JAt SuperB, the B “decay lenght” is =0.1
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Physics goals |

* To provide a high statistics data samplel t7c1>'
determine the bottom baryon

properties

* To get information on non-perturbative QCD and
potential models -

The bulk of data on Bottom Baryons has been obtained up to now from the Tevatron.
Actually, experiments at LHC, in particular LHCb, are expected to provide further, high

statistics, data. SuperB has good chances to stay in this business if the time schedule will
be as planned.



Physics goals

»SuperB would be a unique place where it will be possibile
to study the interaction of slow B mesons on Nucleons &
on Nuclei and of Y, baryons in Nuclei.

The low momentum of the produced Y, in nuclei makes
SuperB the ideal (and only) place to study the possible
formation of “Super-nuclei” and even more exotic nuclear
bound systems with embedded heavy—quarks.

SuperB can also operate at the energy of the ¥(3770), and
hence allows to study similar topics in the charm sector
with the same technique [ \¥(3770) = D*D].



Heavy Flavor Nuclei

IL NUOVO CIMENTO VoL. 102 A, N. 2 Agosto 1989

Production of Heavy Flavours in Nuclei at the
ARES Facility (*)(**).

A topic addressed 22 year ago
in a pioneering paper:--

T. BRESSANI

Dipartimento di Fisica Sperimentale dell’Universita - Torino
Istituto Nazionale di Fisica Nucleare - Sezione di Torino

F. 1azz1

Dipartimento di Fisica del Politecnico - Torino
Istituto Nazionale di Fisica Nucleare - Sezione di Torino

(ricevuto il 18 Gennaio 1989)

Progpeszs of Thearetical Physics Supplement INoo 186, 2010 159

Recently relaunched---
BExotic Nuclei with Charm and Bottom Flavors

Shigehire Yasul*) snd Kazutaks Supop?ss

VEEK Theory Center, Insfitute of Parfisle and Neuslear Shudies,
High Ernergy Aseelerator Research Orgoman fion (KER), Tsukuba 505-0501, Jopar
*Nishogokusho Uiwersity, Tokyo 08-8558 Jopar




The Y, from SuperB are very appealing...
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A} momentum [GeV/c] o |

>3- momentum [GeV /c|

...since they overlap the right velocity | |

window of nucleons in nuclei.
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Open questions to which only SuperB can answer?

What are charm/bottom nuclei?

Charm/Bottom

e
Baryons
A E; Ny Zg: o

Dover-Kahana (1977}
lwao (1977)
Gatto-Paccanoni (1978)
neutron Bando-Bando (1982}

proton

Nucleus

DN and BN bound states

Q. Are there bound states of D (B) and N ?

27

DN and BN potential

Q. What is the interaction between D (B) and N ?

D (B)

Exotic charm/bottom nuclei

Q. Are there exotic nuclei with D (B) ?

A=2 charmed (bottom) nucleus




Do exist Charmed-, Beauty- Nuclei?

Multi-Favored Nuclear Chart
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Summary

e SuperB could offer a unique opportunity for:
* an extensive study of the bottom baryon properties

a unique approach to study flavor physics in nuclei with the
possible onset of super-nuclei or deeply bound flavor nuclei.

* Next steps:

A to validate the initial calculations by means of SuperB full
simulation program to give a solid basis to these first results

A to assess the feasility to put a target close to the I.P., evaluating
the effect on the beams and the background on the Detector

A to get feedback from the Community to deepen the study in
the physical interest for this topic



Concluding Remark

Exploring now, before start building the SuperB,
Iits possible use also as a

means to catch an opportunity that, if lost, could
be later on very expensive or even impossible to
Implement




