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1. Introduction

3.

-Why Z-Factory ?-

High Energy Physics (Accelerator) Future
Physics & Techniques for Z°-Factory
Accessibility in China (prospect)

. Physics Topics for Z-Factory (Theoretical

considerations only so far)

Z boson properties (Precision Test SM & New Physics)
T lepton physics (Precision Test SM & New Physics)
¢, b-hadron physics (QCD)

Further Work

Deep & wide studies (Working Group)
A report and a special issue: Science China G, 2010
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The Working Group

£

Theorists who are interested in the topic were organized
themselves (Working Group: the physics at Z-factory).

The members of the (theoretical) working group:

<qgiaocf@gucas.ac.cn>, <chenshaomin@tsinghua.edu.cn>,
<cxyue@Innu.edu.cn>, <fengtf@dlut.edu.cn>,
<gaoyn@tsinghua.edu.cn>, <gl wang@hit.edu.cn>,
<hanl@ustc.edu.cn>, <junjiec@itp.ac.cn>,
<jxwang@mail.ihep.ac.cn>, <lihb@ihep.ac.cn>,
<lixg@nankai.edu.cn>, <majp@itp.ac.cn>,
<mawg@ustc.edu.cn>, <wuxg@cqu.edu.cn>,
<Jmyang@itp.ac.cn>, @ihep.ac.cn,
<yangmz@nankai.edu.cn>, <ychen@itp.ac.cn>,
<zgsi@sdu.edu.cn>, <zhangry@ustc.edu.cn>,

zhangzx@itp.ac.cn etc

The ‘door’ is open !
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Why Z-factory?

High Energy Physics (Accelerator) Future

a. ‘Precision’ Frontiers:
¢-factory (DADPNE)
TT-Charm physics (BEPC+BESIII: for 5 and more years)
B-factory: Super-B (Japanese)
Z-factory (Giga-Z? 1LC)

b. ‘High Energy’ Frontiers:
Tevatron (close soon)
LHC (just starting)
ILC (under consideration)
CLIC (under studying)
etc
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Physics & Technigques

Physics & Techniques for Z-Factory (L=10273L,)
Physics:

LEP-1: L,=2.4+103%cm-~2s

SLC: L,=0.6+10%cm>st

Open new fronties for ‘precision observation’
(1010 Z/year, but is it worth enough in physics ?)

Techniques: LINAC developed by ILC
(superconductor cell techniques etc)

ILC: L 10%cm=2s?
Therefore L=10273L, accessible technically
EZfacroty (0,1« E ILC cheaper comparatively
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Accessibility in China?

CHP future: After BEPCII+BESIII (5 or more years
later)

Cost: Roughly ten percents of ILC (1TeV)

China development:
GDP is going up 10% each year
High-tech requirements
International duty (contributions to HEP)
5~7 years later
In comparison with BEPC in 80 decade of last
century:
Worth of BEPC/GDP, etc
The key point is ‘worth’ in physics & else,
so theoretical investigation goes further first !
(Useful references for ILC also)
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2. Physics Topics for Z-Factory

Z boson properties (Precision Test SM & New Physics)
The Status:
LEP-I:
Scan 88GeV—~94GeV 15.5=10% hadronic events
1.7 =105 leptonic events
Detectors: Aleph, Delphi, L3, Opal.
SLC:
At Z-peak 0.6 =10% events
(electron polarization beam: 70%0)
Detector: SLD
Very precision and rich results for Z-boson properties
were achieved and indicated the predictions of SM
work well:
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The results about Z-boson

Measurements vs
SM prediction:
SM works well !

If Z-factory may improve
the results substantially,
the systematical errors
must be suppressed.

Constraints for new
physics!



The Z effective coupling (to lepton)

New PhySiCS: (W.G. Ma et al, Z.-X. Yue et al, K.M. Yang et al, X.-Q. Li et al,

L. Han et al, J.-J. Cao et al etc)

Multi-Higgs Model, Little Higgs Model, RPV SUSY Model, Extra Z-
boson Model etc

e The effective coupling Z-ff’ (tree and loops & specially f,f’ are
leptons) : Fé‘ff Vertex

Ztu (Zﬁl) IS a very strong constraint to the models, and Z-
factory will offer the precise measurements of it.

/ 2, S New physics through
\ , .
AN - 7 diagrams
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The neutral flavor change vertex

- The coupling ZAAA (A-CP odd light Higgs): ‘A’ strong
couple to leptons (especially to 7z pair) and the decay of Z to
A are very strong constraints to such models.

etc

Some special models are very sensitive to the coupling of Z-
boson to T lepton and relevant decays, thus Z-factory is crucial
for this kind of models.

The Models:

Lepton number violation — Baryon number violation
==m) Cosmology baryon number generation.
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T lepton physics

Very good source of T lepton (L, Han etal, J.J. Cao et al)

eProduction rate: the resonance effects to enhance besides High L

Production at a much high energy (much higher than threshold)
thus cause greater boost effects than B-factory (good for vertex
detector)

eRare decays (sensitive to new physics):

To>e, ToOUuy, T—uuu, T— UEee T —> Eeeg etc
the upper bound for T lepton rare decays will be suppressed much
e Polarized beam of e-e* and CP violation relating to T lepton

SLC

3 o-—0y), —(o-—0.), 1
0,4 |F2|A% (F B/L F B/R

RFB (0. +0.), +(o.+0,). |P|
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T lepton physics

LEP
3 o. — O
AOZ —A A — F B
4 o +o0,
75%0 25

Polarized e- and/or e* beam produces @T* T pair:

CP violation: to measure CP(T)-odd operators precisely

To measure the CP violation in T — decays beyond
SM: (numerous events with great boost)
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T lepton physics

e Hadronic and pure leptonic decays (test of universality
sensitive to QCD and light hadron physics):

) V)

V:/L_"\a" e, u ,d,

d, =cosé. d+sind, s VeV U

T hadron(s) +1/  Todetermine the quantum numbers of the

‘excited’ states (vector and axial vector
currents respectively)

roviv
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T lepton physics

KKz V. A

v+a

- @ tdecay ALEPH
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c, b-hadron physics (QCD)
c, b-quark fragmlentation: (Z.-G. Si, et al)

Non-perturbative fragmentation models: LUND , Webber Cluster, Quark
Combination (ShangDong) Model.

The best place to test the model.

Fragmentation functions (FFs) from c or b quark:

R T =

DD, D% ... B B, B*... Ao, e,

B} T 1y B. nyB:
Je...DY D ... DP D ...
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c, b-hadron physics (QOCD)

1.

b-hadron studies (competitions from LHCb)

B-meson: excited states etc,
Bs meson: mixing, CP violation, rare decays, excited states etc,
Bc meson: production mechanism(s), decays, excited states etc,

b-baryons (/\,, =, Q, , etc): production mechanism(s), decays,
excited states etc,

Double heavy baryons (=,., =,,,, etc): production
mechanism(s), decays, excited states etc,

ISR production of pb-like X, Y, Z particles: production
mechanism(s), properties etc

. c-hadron studies (competitions from B-

factories, Tevatron, LHCb etc) :
D-meson: D° - D° mixing, CP violation, to confirm the excited

states etc, _
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c, b-hadron physics (QCD)

eDs meson: to confirm the excited states etc,
ec-baryons (A\., =, Q. etc): production
mechanism(s), to confirm the decays, excited
states eftc,

Double heavy baryons (=_., Q2.., etc):
production mechanism(s), decays, excited
states eftc,

eTo confirm the ISR production of X, Y, Z
particles: production mechanism(s), properties
etc,
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c, b-hadron physics (QCD)

Production mechanisms: (X.G. Wu et al)

Mes J'L' Cy Tk, T: " BC- B-:‘F o

At LEP-1: Bc meson just a few (J/Y+ ) events, thus at Z-factory a
few thousands of such events == Many decay modes can be
observed, and excited states may be seen too. The cross-sections

for heavy quarkonia and excited states are similar to that of Bc
meson but they are easy to observe.

The cross-section of double heavy baryon production is the same

IN magnitude, thus the situation is similar to Bc meson.
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c, b-hadron physics (QCD)

Production of heavy quarkonia and ‘X’-type particles via
two-body exclusive production with a photon:

e (p1) + e (p2) = v(ps) + Hoo(P)

Here Hyg: 1ey J/00y -+ mpy Ly oo

35 1Sy 3Py 3Py 3Py 'P

() E

0 (cz)(pb) 0.934  |0.662 x 10~2]0.328 % 10=40.197 x 1073]0.661 x 10~*|0.615 % 103

a5 (pb)[|0.565 x 107110.475 » 1072{0.128 x 10740.838 x 1074/0.930 x 107%]0.833 x 10~*
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c, b-hadron physics (QCD)
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FIG. 2: (color online) Total cross sections for the processes e +et — v+ H oo versus the collision
energy. The red solid, the black dotted, the blue up-solid-triangle, the green dash-dotted, the red
dashed and the down-hollow-triangle lines stand for Q@ in 35y, 1Sy, 3Py, 2Py, 3Py, 1 Py respectively.

The left figure is for charmoninm and the right one is for bottomonium.
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c, b-hadron physics (QCD)
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FIG. 3: (color online) Differential cross sections for the processes e~ + et — v+ H Q¢ Versus cos o

at a C.M.S. energy as Z-mass. The red solid, the black dotted, the blue up-solid-triangle, the

green dash-dotted, the red dashed and the blue down-hollow-triangle lines stand for Q@ in 35j,

1Sy, 3Py, 3Py, 3P, 1P| respectively. The left figure is for charmonium (the dotted line and the

blue down-hollow-triangle almost emerge together almost) and the right one is for bottomonium

(the red dashed line, the green dash-dotted line and the blue down-hollow-triangle emerge together

almost ).
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c, b-hadron physics

(CE) & (bb) MmMass SpeCtra .  (G.L. Wang et al; X.Q. Li et al)

n JPC(ZSHUL 1 Th(ce) Ex(ce) Th(bb) Ex(bb)
1 0-+(LSy)  |2980.3(input)| 2980.3 [9390.2(input)| 9388.9
2 0~+(1Sp) 3576.4 3637 9950.0
3 0~+(1Sp) 3948.8 10311.4
117=(351)  |3096.9(input)|3096.916|9460.5(input)| 9460.30
2 177(351) 3688.1 3686.09 | 10023.1  |10023.26
31-—(3Dy) 37789 | 3772.92 | 10129.5
417(35;) 4056.8 4039 10368.9 | 10355.2
51-=(3Dy) 4110.7 4153 10434.7
6 17 (51) 4329.4 4421 10635.8 | 10579.4
717 (351) 4545.9 10852.1 10865
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The D-wave
dominant 1—
states of
have not ;)
observed
yet !
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c, b-hadron physics

b-hadron excited states:
Some excited states, such as those of Bc meson and baryons

/A\Db, =b, Qb, ...... , =bc, =Dbb, etc, can be expected to
observe at Z-factory only, although still difficult.

b-rare decays:

Bs—ete, Bi— utpu, B — ety , B — e ut ete

Heavy quarkonium physics:
a. Puzzle or not ? for Y (n,) production mechanism
b. Y (n,) excited states (even hybrids)
c. Exotics X,, Y,, Z, via ISR similar to B-Factory
etc
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cC, b- hadron physms

e R O The cross-section Is
O S N S smaller than that of
L ] Xoff Z-peak
ol Tt e ] because charge Q,=
I 1 B m - -1/2 Q!
R : =Ry | E
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In Summary

e The first step
Theoretical considerations
(to focus on the worth In physics)
How?
Quantitatively
Isolating from the other factors

« Great advantages in study of T lepton physics & b-

hadron physics
Discovering new physics can be expected in T lepton physics !
A lot of b-hadron physics can be done uniquely !
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3. Status and further work

e About 20 papers are completed and will
publish In Science China G as a special issue in 2010
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3. Further work

e Deeper & wide theoretical studies:
To find more important subjects or topics,
More precise guantitative comparisons
(thorough studies and M.C. simulation)

e The first goal within one or two years is to
present a preliminary report on the
Important physics at Z-factory besides

publishing papers based on the investigations
and idea interactions (activities within and outside
Group Working) etc
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Suggestions, Comments & Supports

Welcome your suggestions, comments and
Supports even your join!

VWe wish our works can be used as a
reference for one option in determining
CHEP future !

Thanks for your interests of Z-Factory !
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