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The Physics

T ——
* Precision & rare physics for Z-boson:
Exp. measurements ( LEP-I, SLC) vs Theor. prediction (SM)
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The Physics .

- Precision & rare physics for Z-boson:
Exp. measurements ( LEP-I, SLC) vs Theor. prediction (SM)

it | e |wes| | (Taken from arXiv:1012.2367)
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The Physics

arXiv:1310.6708
Quantity Current theory error Leading missing terms  Est. future theory error
sin? 6% 45 x 105 O(aa,), O(N72a?) 1..1.5 x 105
Ry ~ 2 1071 O(a?), (f]{;"h"j.l—)zn"s] ~ 1% 1071
'z few MeV Q(a®), O {‘,’\ngfr" ) < 1 MeV
Mw 1 MeV O(a’as), O(N72a?) < 1 MeV
Table 1-1. Some of the most important precision observables for Z-boson production and decay and

the W mass (first column), their present-day estimated theory error (second column), the dominant mssing
higher-order corrections (third column ), and the estimated improvement when these corrections are available
(fourth column). In many cases, the leading parts in a large-mass expansion are already known, in which
case the third column refers to the remamming pieces at the given order. The numbers n the last column are

rough order-of-magnitude puesses.
E- LE E

The rare (tiny) physics relevant to Z boson directly

June 21, 2018

Lepton number violation &
FCNC processes; CPV; d/”

l AI etc.
{ Longitudinal component
3 <l of Z-boson couple to a
pair of fermions I m;
Z-factory suggestion 4



The Phy5|cs

LEP-I example'
the data samples recorded between 1591 and 1995 with OPAL

6UTTH 7-pair events

CPV of V. : Re(d | (0.72+2.46 4 0.24) x 107" ¢ em
(weak dipole) Im(d*) — (0.35+0.57 +0.08) x 1077 ¢ em
If we define: fr = '}'FZ;" . where ATzo_ .. & my (1 ﬂ) :

Tgo_ 4. 4x My
The limit means: e < T.2x107° using |d"| and
er < 89x107° assuming Im{d") = 0
Ty i — [83.88 + 0.39) MeV

precision of the test of CP invariance
a level of one m thousand
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The Physics

I I
New Physics:
SUSY Models, Multi-Higgs Model, Little Higgs Model,
RPV SUSY, Extra Z-boson Model etc

The effective couplings ~7f'f

For leptons: 777, Zur, Zrtp., Zer, Zteé
It is expeced that Z-factory will offer the most precise constraint
on them.

When f=f’, the fermion, is b-quark or c-quark or a light
quarks

R, & R,
o(cosf > 0) —o(cosd < 0)
a(cosf > 0) +a(cosf < 0)

= Ryp 3A.Af Difficulties are in
identifying the flavor

;‘1 FB =

o(Pe > 0)—o(P:. <0)
LR d(Pe > 0)+0(Pe <0) A
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The physics

t-lepton is special (the heaviest lepton)
Very good place for t-lepton physics ( @ Z-factory):

-— _ Based on SM: m;

| Sin?0y, a,I',, etc

| | o(cross-section) @ Z-
| l| ' | peak ~ 0.5 ¢ @ the

23 || “ | highest one (threshold)
) l.' H |~ 2.3 6 (@ B-factory

| | | 3X10' T pairs/year

_ T is the heaviest
150 200 _ lepton in SM!

An important factor is the Lorentz boost effects !
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Characteristic Physics

The most important is the Lorentz boost effects:

l-lepton lifetime :
1= 0.2906- 10-'2s (comparatively small), ct=87.11 ym

Lorentz boost @ Z-factory: vy ,_;,.= 25.66, cty == 2235.2 pm
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The Physics

e t-lepton physics:
about 1010 ¢ -lepton pairs (more)/year with quite
great Lorentz boost effects may be produced
@Super Z-factory.
Therefore, the rare decays

Tey, ToUy, T UL, T Uee, T—>eee, etc

and/or CPV in decays may reach to up-to 1010 |evel
(even higher) !

* Neutrino physics:
The invisible width of Z-boson =3 (2.984+0.008)

Types of light neutrinos and how big a room left for

the light neutrinos mixing with the sterile ones and
else.
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The Hadronlc Physics

e Flavor phyS|cs & QCD physics etc
Z-factory vs super B-factory & t-charm factory
¢, b-hadron physics (especially open bottom)

. 5
The production 10
of hadrons @ \ z
e+e- _COllider 10 4..— e'e —hadrons
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The Physics

® QCD physics:
€ Directly measure ag(m?,) etc

4 Fragmentation functions (FFs):

DDy D', B, By B, .. B e i For examp|E:

"’ ~ FF of a (heavy) hadron
from a quark cor b or
a light quark or a gluon
etc.

Significance: experimentally to use them for flavor tag in hadron
collisions etc.; theoretically to understand QCD & models etc.

The FF for b or c-quark to ground, excited B or D meson and to

bottom or charm baryon etc.

Polarized fragmentation functions:
June 21, 2018 Z-factory suggestion 11



€ The Polarized fragmentation functions:

For example: bto A}
et +e = b+b
b— A) + - Frag. Func.

A) — Af + 7~ To measure polarization

€ Non-perturbative fragmentation models:
LUND , Webber Cluster, Quark Combination
(ShangDong) Model. 1t is the best place to
test the models.
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The Physics
® Flavor & hadron physics '
Light flavors & hadrons (contain light quarks only)

m, my mg < Agep,
Heavy flavors & hadrons (contain heavy quarks)
m, > m, > Aycp, (Without t-quark)
We need to understand both kinds of the hadrons
and advantages to understand the heavy hadrons:

pQCD applicable due the ‘heaviness’;

Effective theories: Heavy flavor effective theory, NRQCD
etc;

Mass hierarchy of b, ¢ quarks (small, mixing);

Lifetime for heavy component ‘matches’ the detectors;

etc
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The Physics

S
w
. .

& c, b-flavor physics (especially ‘Lorentz boost’)

D-meson: D’ - D’ mixXing:

Due the Lorentz boost and the lifetime of D
meson, at Z-factory the CP violation in the
mixing can be observed, whereas it is
impossible at B-factory.
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The Physics

© N —
4 c, b-hadron physics
Br(Z — bb) = (15.12+£0.05)%, Br(Z — ce) = (12.03 +0.21)%,

Heavy flavored hadrons: mesons and baryons
CKM elements, mixing, CPV, rare processes

Br(Z - B+ X)=(6.08+0.13)%, Br(Z— B+ X) = (1.59+0.13)%
Br(Z - A.+X)=(1.5440.33)%, Br(Z — Z.+ X) = seen,

Br(Z — =, + X ) = seen,

Ay (777), Br(Z — b—baryon+ X)=(1.384+0.22)%

Many baryon states need to be confirmed!
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The Physics

’- ~ I ——

4 Double heavy hadrons :
Br(Z — bbbb) = (3.6 £+ 1.3) x 10—

Br(Z — bbce) ~ 102, Br(Z — cécc) ~ 1073
Hyo : Explicitly Doubly Heavy Flavored Hadrons

Meson B_; Excited states
Baryons = ., Q.. Spo Qe Sppr Qpp 0 Excited states

* Their production can be estimated by pQCD reliable;

* The ground states decay ‘weakly’ that they have a
comparatively long lifetime (1.0~0.1ps) and one can
trace the vertices in vertex detector from production to
decay (with the Lorentz boost);

* Very important for heavy flavor physics
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The Physic

1] l!
g ]

Production (estimated reliably by NRQCD):

contribution total b-frag. c-frag. interference

o(Be, 1So) 2.734 2613 5.20x1072 6.90x10"2
o(BX, 2S1) 3.823 3.722 4.45x107% 5.65x1072
o(B:*, 'P) 0271 0.269 3.01x1072 -1.01x1073
o(B:*, °Po) 0.164 0.157 8.13x107° -1.13x10"°
o(BX*, 3P;) 0.340 0.331 5.77x1072% 3.23x107°
o(B:*, *Ps) 0.365 0.366 3.87x10~* -1.39x1073

The cross sections in pb.
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The Physics

Production of Doubly Heavy Flavor Baryons Similar to that of Be

B.(B?)

Ql

do (ete” = (v/2) = (QQ') + Q + Q') _ Nlbon
=¥, dé (eFe™ = (v/2) = (QQ")n] + Q + Q) Diaan®) = my e ja =
{ORR) (n)),

€~ mg/ ?‘n%QQ,}

do(H(2)) / dy do(ete™ > (QQ)w) + Q@+ Q)
dz .Y dy

Digan 2/y) -
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The Physics

- i

Hadrons o(pb)
B, 2.69 :
) - The cross-sections of
- b | 3.76 doubly heavy flavor

Zeel(cc)psya]  0.45 hadrons @Z-factory:
Qecl(ce)pg,is]  0.068 Higl! luminosity is
Ebc (b() [1 SO]E: 0.50 CI‘UCIa| !
ch :(bc)[lgo]g: 0.074
Eb( (b() 3 31]3: 0.68
-ch (b() [.351]3: 0.101
Ebb (bb) [.3 51]3: 0043
-be (bb){%ql]g 00065
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The Physics

o - Z couples to fermion currents
' in vector and axial vector
that makes the asymmetry in
forward and backward, thus the
asymmetry in production may be
used to measure Sin®, !

Differential cross sections for various
states (asymmetry).
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The Physics

0.095

0.096 -

The distribution can be
used to measure the
Wenberg angle Sin®
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@ 009F
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Sin®, .
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The Physics

Polarized beam production of Bc:

o —
]

eter — Bo(Br.---)+b+c |---5 . L er e
| Crer 7 BelBe, ) bre 7, The distribution can be
: . used to measure the
: Wenberg angle Sin®

I I I ! I I I I e |
-1 -0.8 -06 -04 02 0 0.2 04 0.6 0.8 1
coso

The dependence on the Wenberg
angle Sin® .
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The Physics

One more example:
The production of baryons = =, E,,(in pb):

0.7

e ), .

.- o B8, .~ 1 | The distribution can be
£ o A |used to measure the
! Wenberg angle Sin®

=
-

1 ] 1 1 1 1 1 1 1
-08 -6 =14 -0z 0 02 14 oe 0.8 1
cosh

Ho 8 By 1 510! )

1
=y
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The physics

Heay flavored exotic hadrons:

Tetraquarks (Z7(3900),....):

(QCQqq) . (QQ'Qq) . (QQF g, (QQQA) - Q. Q' =c,b; g,d =u.d,s
Pentaquarks (Pc"(4450), Pc*(4380),....):
(QQ'qdq"),(QQ'Qqq') ,etc : Q. Q" =c,b; q,4,¢" =u,d,s
Hybrads:

(QQ'g),etc : Q,Q =c,b; g= gluon

Advantages in studying the heavy exotic hadrons:
The ‘mixing’ and ‘interferences’ are simple;
The heavy components decay in the detector;

etc
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The physics

o —
]

e Another example:o measure the spectrum for heavy
quarkonia & exatics:

e (p1) + €™ (p2) = V(ps) + Hog(P)

Here HQQ: Nes J/10y -+

T]h’ T’ . .

Two body final state!

(monoenergy photon)

15 1So Py ‘P PP, LP
0 (cz) (D) 0.934  ]0.662 x 1073]0.328 x 107%/0.197 x 1072|0.661 x 10~%|0.615 x 1073
05 (pb)[[0.565 x 10710.475 x 1072]0.128 x 10=4{0.838 x 10~*(0.930 x 10=*0.833 x 10~
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Summary

® There are may mterestmg and |mportant
physics:
€ Highly precise tests of SM, looking for direct and

indirect evidence for new physics
4 Hadronization

€ FFs for heavy and double heavy hadrons
¢ Heavy flavor physics
€ Heavy and double heavy hadron physics
® The luminosity of SZF Z >10°°cm?s"'is crucial for

hadron physics

¢ For the QCD problems and hadron physics, the
luminosity < > 103°cm2s1is crucial.

€ There is no ‘critical luminosity’ for such physics as
‘highly precise test of SM, ..... !
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