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Fundamental particles

+3 colours for each quarks

r<10l’cm!

3 generations
+ antiparticles

Total number : 60 + H =61

All have spin excl H

M(matter) ~ 550 GeV

@ 2Q(quarks) = - 2Q(leptons) !

125 GeV

Matter { s=1/2 Field 4 s=1
i 1st gen. 2nd gen. Srd gen. 3 [
DD D
U
A up charm o
< @ @ d®
K photon
down strange bottom '
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L i \\ 27T 2 @
E Ve ('V i Vo |
o \:‘_,,/ \Jr‘ \‘3‘,}' Z boson
e neulringe | uneutrine ¢ peutrino
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L. ey »
1‘ 1‘ 1‘ s=0
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Interactions

Quantum electrodynamics (QED)

e*e' — e'e,

_ee—>uu,+ e

>m< q ~Y

€

Electroweak interaction (EW)

H—>Wy, —evev etes >Z% > f'f,

U e_
e R
H W Ve >....‘.Z.0.. i
¥ l,q,v
V., e
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Strong interaction (QCD)
e*e- —»J/¥Y —hadrons

Coupling gl
constants o
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10°
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Masses of fermions

t :
b -

c
s e
= - | 3
u ]
_ vy 3
I E
Ve V1: V2, V3 EE
I { C.Giunti(2012) *

M, ~103 eV ?
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Three generations shown

Ranges for quarks :
~ 5 orders of magnitudes

Ranges for leptons :
~ 12 orders of magnitudes

Total range :
~ 14 orders of magnitudes



Flavour conservation/violation

1. Flavour conservation Chain of subsequent
. . . decays of B meson
in strong and e.m. interactions W

B to electron and neutrino
y*_>q|q|1 V*A\qqu

2. Flavour violation in weak interactions:

in heavy flavored baryons b,C,s -> u,d and then -> p
(proton) — the only stable baryon

+\/S
iIn mesons B,D,K quarks b,c,s -> u,d and then -> e (electron) — \@
the only stable lepton +v¢

August 22-24, 2016 e+e- workshop 6



Time when quarks and leptons appeared

iIstory of the Universe

pp physics at the LHC corresponds
to conditions around here

=0 UL
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Road Map for Discoveries
Particle Data Group, LBNL, © 2000. Supported by DOE and NSF
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Now quarks are seen
as jets ine*e” — q gbar
process. Similar to

ete” > uu .
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e*e  collisions
single photon channel

I=e, U, T
g=u,d,s,c,b,t

z
AN

hadrons

e+e- workshop

Quantum numbers:

J=L+5=J, =1

S=1 (spin)

L=0,2, S,D-waves
P=(-1)t=-1

C=(-1)-*S =-1




Space-time picture of e*e—— annihilation to hadrons

E=100 GeV (LEP)

D
|

|

|
|
| | I |
uark production | o - |
Q P ' Gluon radiation | S x ? i
Ap AX ~ h ! ! I |
Hadron formation  Decays
10~1cm 10— 7°cm 10~3cm >10—13cm

Time
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Polarization in e*e” single photon channel

Case of unpolarized beams

e- 'Y* e+
S - - e———

—> 14 =>

€« gy €

S_ S,
—> 0 <«
« 0 —>

Half of e-, et don’t annihilate

August 22-24, 2016

Case of e beam

longitudinal polarization

e’ et
—> 12 —>
—> 0 <€

Half of et don’t annihilate

e+e- workshop

Best case
e- €
—> —>
or
<« <
Worst case
e e Max effect.
_>or<_ luminosity
<« —>
No single photon annihilation
Only two photon physics
10



Effects of the beam longitudinal polarization

E/m>>1, S, Dwaves
efe" > utu, v, BB

Only S-wave (at threshold)
efe"—> uuT, t'tT, BB,

Final tau polarization f

0=0, &=1 N ) \\\
0=30°, £~1 .
0=45°, £=0.946 0f
0=60°, £=0.8 7

6=90°, £=0. >
See backups slide L

0 50 100

1t?l(gzta(dgs)
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Effects of beam transverse polarization

il e

8 -
UstpH  &() = (1)

Transverse polarization
leads to azimutal asymmetry
8

0.924= — —=1t/2

53 d=m/ TS
1/T = (5V3/8) o (y5/R3 m2) /\ Q b b0

If E=2 GeV, R=100 m , then T~10° sec ! d=—1/2
e*e”— qq (jets),u 1, T, BB

Asymmetry degree depends €€ —> n'n, DD,
on baryon form factors

August 22-24, 2016 e+e- workshop 12



-~

\I _ ,Ei\hadrons

Virtual
photons

0

& 2yF
e

_ 2
Gzy 04 Gl”y
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e*e" collisions
two photon channel

C=+1
C even quantum numbers
JPC — O-+ , O++, 1++, 2++’ 2-+’ -

(P)Scalar helicity suppressed ~ (m /M) .

Vector and Tensor states y., xp
can be produced ;

ee ->y., Xp» O~ 0.1 pb
Electron width is measured,
['se depends on form factors (QCD)

e+e- workshop
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e*e" collisions
two (quasi real) photon - channel - 2

\_/ C=+1

e S
v‘~<ladrons C even quantum numbers

ot -~ Spin 1 - exclud
/\ JPC — O-+ ’ O++, 1+ 1+—’ 2++’ 2-+’ -
Photon-photon L'Y’Y ~ oczlny3. L'ee
collider

Scalar and tensor states y., y, can be produced
No helicity suppression of scalar states

Spin=1 excluded

Two photon width is measured and

YY to hadron cross section.

August 22-24, 2016 e+e- workshop
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e*e collisions
Initial State radiation (ISR)

N~~
~
~
~
~

hadrons

G (ISR)~ (102-10%) G,

e+e- workshop

Quantum numbers:

(the same as in single
photon channel)
J=L+5=J, =1

S=1 (spin)

L=0,2, S,D-waves
P=(-1)t=-1

C=(-1)t*> =-1

3S,, 3D, = S
JPC =1~

15



e+

<

e+e—>hadrons In ISR

YIsR

Hadrons

Js

Mhadr <

1.

2.

3.

1.

Advantages of ISR
Full energy range from 2m_
up ’rox/gs available
Detection efficiency is flat
over reaction mechanism
No large radiative corrections

But:

Low luminosity <1 % L,

August 22-24, 2016

ISR — Initial State Radiation or Radiative Return

do(s,x) _ H(s,x,0)- o,(s@— X))
dxd(cos @)
H - radiation function
L 2 2
sinN© @ 2

)

Lisg ~ 0.3% L,
W|th LO -~ 05 ab_l -——2 L|SR -~ 15 fb-l l

1.
2.

1.

Advantages of e+e-
Good energy resolution
Effective study of narrow
resonances
But:
No efficiency at small angles
0<0.2

e+e- workshop
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Example of ISR study ete —
—¥PpP

Babar: PhysRevD.87

.092005(2013)

Proton form facto

10

.15

2.9
N(1520)N(1520)?

T ‘ T
BABAR
FENICE
DM?2 .
DM1
BES
CLEO
PS170
E835
E760

XKox4r>OO@

August 22-24, 2016

2
M, (GeV/c?)

e+e- workshop

pp

—~

a°(m) C

m* m*In?(m?/ A?)

Inside proton ...
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Outline
e*e” physics introduction
e*e facilities
New data in tau physics
Charm news
Beaty physics
Future projects
Conclusions
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ete- facilities

BEPCII storage rings

= e T
27" ™ :
P "8, Beamenergy: 1.0-23 GeV
” Y vyl
7 % Peak Luminosity:
& * # Design: 1x10® cm2s
‘ T = s 1 "
| e il © |w  Achieved: 0.65 x 10° cm2s-
g . J T ;f Optimum energy: 1.89 GeV
L .o ;s . "v;?Cm 4

;, Energy spread: 5.16 x10™

Circumference: 237 m

Beam energy measurement: Usimng Compton backscattering
technique. Accuracy up to 5x10-°

e+e- workshop
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RPC: 9

layers ‘

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

August 22-24, 2016

BESIII detector

L

Electro Magnetic
Calorimeter

RPC : 8

¥

EMC _CslI(TI)-2.3%

TOF <0.1ns
\\\\\\\\\\\\\\\\\\“IIIIIM//// .M// : ﬁE@
. '"\&—f— s ,|. B

e+e- workshop
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Summary of BESIII experiments

6

3 @ BESII®8
© 131037 N
» 5x108 l,l)(ZS) S 8 :;‘::Taz
* 291 @ Y3 ko phile
* 0.5 1! @ Yoo g
« 2.3 bl @ 4230/4260 MeV |

0.5 fb-! @ 4360 MeV
0.5 fb-! @ 4600 MeV

1 b1 @ Yyass : :

* 0.1 fb-l @ 4470/4530 MeV | o
* 0.04 fb-! around A, threshold ' R— T f m T ¢ ﬁ
e 1 fbl @ 4420 MeV _ o + 8 B3BS & DS ¢
« R scan: g ks T s
+ 2-3GeV, 19 points, ~0.5 fb-! BESII (ISR) e
" “ < BESIII (direct)
. 3.85-4.59 GeV, 104 points, ~0.8 fb-l < >
MORE:

* 3554 MeV 24 pb-! t mass; 4100-4400 MeV 0.5 fb! coarse scan
* On-going data taking

August 22-24, 2016 e+e- workshop
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PEP-Il e*e™ collider, Babar detector

E,=3.16GeV,E.=9 GeV Babar

PEP-IT

PEP-II
Rings ™

Positrons

Low Energy Ring
\
BABAR Detector o
L)
1

“ Electrons

-~

High Energy Ring

Ecw = M(Y(45))=10.6 GeV
2000 - 2008 yrs
Lins=10 nb'l/sec
IL = 500 fb-1
N(B) = 10°

August 22-24, 2016 e+e- workshop 21



Belle Detector

. Aerogel Cherenkov cnt.
S(llps]plenold ~ n=1.015~1.030

Csl((ll) |

TOF counter - .
8 GeV ?f.——'ﬁfl'”_ 2 e , ~. demral Ill)rifltl C}}talrl]bﬁr
gt R mall cell +He:
- ]‘\\,/ = \
o ".‘.' £ : _'\.'\‘\\ \.\

B ) K, detection
1415 lyr. RPC+Fe

Si vtx. det.
3/4 lyr. DSSD

Process a. nb

e’e” — e e (v) 1235

150 =P <1652 @ £ —=8GeV. £, =3.5GeV
e’e” — ppu(v) 1.005 @ Peak luminosity:

e'e” —qgg(g=u.d,s.c) | 3.39 = 2.11 x 109 em—2g—]
e;_e_ — bf — T @ Integrated luminosity:

e e — e e [f 726 ff_dt:1ab—1,N-,-T:109
(F=uw.d,s.c.e,u 1) - PR -

oo — 77— (1) 5979 -factory is also rfactory

August 22-24, 2016
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KEDR at VEPP-4

Bl Vertex detector

[ Drift chamber

[ Aerogel threshold
counters

B ToF counters

M Lkr calorimeter

Superconducting
coil

Yoke

Muon chambers

Csl calorimeter

Compensating
solenoid

e+e- workshop

+ laser energy calibration
+ v —beam
C/E, ~ 2 % at 1 GeV measured BGO
Y :
~ 0.5% project
+ e- beam,
O/E ~2% at 1 GeV

Physical program at KEDR
E=2-12 GeV

1. Measurements of ¥,Y,t masses

2. Yy —hadrons

3. Rad.transitions cc,bb —» y + X

a(e+e_ —hadr)

ale e ~pp)

4. R=

23



Physics at e+e- (t—c—b) colliders

1. QED: e*e"—»e*e’, w u™, YY, used for luminosity normalization ~0.1%

+ -
had
2. QCD: e¥e” - MM, BB, multihadrons, X,Y, Z, R = Flp 8 i)

olee »pup)

3. EW : flavor transitions of low lying b,c =s,u,d, CPV, mixing ...

4. BSM physics : study of rare decays of T, D, B; LFV, FCNC, ...

August 22-24, 2016 e+e- workshop
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Tau lepton physics
In ete- — t 1t~ process

NogohkwbE

Outline
e*e” physics introduction : :
e i 1. Lepton universality
New data in tau physics 2 LFV
Charm news
Beaty physics 3.V
Future projects us
Conclusions 4. Olg
5. (9-2),
6. CPV

August 22-24, 2016 e+e- workshop



Lepton universality, 9,=g¢=, . ~1073

m;
fmf]rL,.

~ 12x°%Inx

%' " 0./Je = 1.0031 + 0.0016,
g, Vi /g, = 1.0013 + 0.0016.
/ | y gT g
: . —_-— ’ 0./g. = 1.0018 £ 0.0014
' { J)\fb T K Checked at ~ 1073 level
® (A.Lusiani, HFAG)
St Vq
I—.—O% : 0 M Basic relations
" 1K s L 67;) GLGm
g U (L~ v o)) = S tee) « 2
g V. v TL 1923
" g
Benerjee(TAU2012)
LEP: W->uv / W->ev >g/ge—0997+0010 G = 9(2 f(x)=1-8x+8x> — x4
KLOE: K->nuv/ K->mev -> gulge = 1.0010+-0.0025 4 \/EMaV
HFAG: t->Kv / T->nv >gT/gM-O9857+OOO79 1 =1+§_mj_ L=1+“’("’L)(g_5__
A 5 M2 £ 2r \ 4
W ~
August 22-24, 2016 e+e- workshop
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Lepton universality in K,D,B decays

Lepton Universality Deviations

260
@& LHCb (B — Kuu /ee)

060

Belle (B — Kuu /ee) ‘

0.260
PIENU (r — ev/uv) ’

Uncertainty [SM,Exp]

+0 ~.c';
BaBar (B — Ky /ee) [0 [0.1%,27%)
+210
LHCb (D* — wv/uv) 5 e [1%,12%)
' +2.60
BaBar (D* — w/[e+ulv) ® [1%.9%)
: +1.90
BaBar (D — w/[e+ujv) : B [6%,16%]
i 4110
NAB2 (K — eviuv) : [0.04%, 0.4%]

'
IllllIllIIlIllIIlIll:llllllllllIIl

[0.1%,12%)

[0.1%,15%)

[0.02%,0.2%]

-3 -2 -1 0 1 2
Standard Deviation from SM

3

M.Lancaster

August 22-24, 2016

e+e- workshop

Different sign of deviation
iIn D and B decays !
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T Michel parameters — SM test

ete > 1Tt , T2 Ivv,l=e, n; 1409.4969

Lepton spectrum in T decay ,1409.4969
(depends on Michel parameters)

dr(r¥) A4GEM- E}
dQdx — (2n)4

:F%PTCOS@gg\/Xz — X3 [1 L §($(4x = o —xé)]), =

IntheSM:p:%,7720,521,5:%

E,

?
E max

max \/X2 _Xg (X(1 —X) Uy gp(4xz — —Xg) +7]X0(1 —X)

August 22-24, 2016 e+e- workshop
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T Michel parameters

Michel parameters (MP) - parameters in lepton
spectrum t, -> lvv , sensitive to EW modification, NP

e*e -> 1tt ~ , AL = 485 ifb, arXiv1409.4969 (2014)

T,->lv,l=e,n; T,->pv ->nnlv ,
spin-spin correlation,

precisely measured 9 dim phase space kinematics,
fit gives four MP uncertainties

P
M

Belle results
- 0.0027

- 0.0081

EE - 0.0047
Ep50 - 0.0040

MP accuracy
this work : ~0.5%

PDG : ~1-3 %
for muon : ~ 0.1%

]4000 :.'—----------,-----------~-<----- R greevessssssanbrrnsrrsnsen ceccasssrsradeessssnssssasdroersessses
L R L T W . ) W S T .. ——"
p— =
= o
O WA
= -
T A RN WU U SR V.. SO S S ——
= -
B 6000f— i : . -
J o : - ; 1
. | S N - _— = s . s
0:, - . i SATARL e
05 1 15 2 25 3 35 4 45 5 55
EMS (GeV)

August 22-24, 2016 e+e- workshop
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Lepton flavor violation (LFV) In tau decays

T >Ny
B, <5.10° (Belle)
LF &Xserved when m, =0

V oscillations lead to m,, #0

SM extended to m,#0
SM estimate 10> is many orders below experiment
LFV will be a sign of new physics (W---H charged)

BF(t —>11y) ~ a/Tt (AMyg/Myy)* BF(T —>pvv ) ~ 1054

1) 9
T Vr_ Vu U
Al deamiear Some modells predict B’C
P at 10 8-10"°

4

August 22-24, 2016 e+e- workshop
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U770 U.L. Uppel NS 1Vl LTV T uerays

Summary of Tau
LFV decay limits

- 0 (0] (0] =)
by IP IS IV 1l Ihh Ah
-5 @
10 E | " s "EEgg L ., E
= =n - & 8 s ® 6 =
B . @ @ el <3 m ] -
Ll N
10_6 E . L 3
E v =
: v e vY, v v v v :
v

10—7 | 4 Yy Y v Yy LHCb v v v v i
= ve ¥ " . Ay - =
- v s A y v ‘4 . . a A A A =
_— o A ’ A A v A Y Y ! v A A A A A 2
- A A . el . A, o i
-8 | o =]
- B -
H H . o

9 o
107 ™ S e o S 1=
E ® = ® o'e o g ® G ® D o ®e §
[ ® @ ]
10-10 3 N0 A Y O | LRI =L bk b EEEE R

FEEREEEEY B BEAMARRIEE Ve e <K<
D Zp'2? =0 E t:?t: e xyxoxtf{bfzb*ib’. B B X
© 10'1'&'1‘03'1-0 ', FE R
J. Miller, Bost

August 22-24, 2016
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o

Limits on Br(t— 1y,3l) ~ 2.10®
at Babar and Belle.

CLEO
BaBar
Belle
Belle Il
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CVC

CVC - establishes a relation between T — lepton decays to vector hadronic state
and corresponding isovector channel of e+e- annihilation cross section

G- (KK) ~ T (1 -> K*Kgv )

Vector spectral function V(m) definition

1 dN\ 1 B(t — K.Kv) M®

N dm m(M? -m?*)*(M? +2m®) B(t —ewv) 12nV_,

Relation between V(m) and e*e” cross section CVC using examples:
) i
m
V(m) =—4 > 20 (m) 1.1 ->ntnlv CLEO, BELLE, (g-2),, ~1%
T o ee >KKUA=D 2. e*e” - -, o, VEPP-2000, ~3%

August 22-24, 2016

VEPP-2000 with SND and CMD-3

is a ‘player’ in T — physics !
E max > m;!

Mass spectrum

e+e- workshop
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us
- - \’
¢ /Vt ¢ . Vs calculated from =, K decay constant
w\(“‘ 4 w i\ . and Tt decays.
b n K Vs from T agrees with V , from
CKM triangle.
l L] L} Ll Ll I L) Ll L] L] I Ll L] ) . .
A.Luisiani,2014
—e—  Kgdecays, PDG 2013 4 V. from © —>Kv decay A
0.2253 £ 0.0014 . )
e— Ky decays, PDG 2013 ) ) GZ 2 |Vysl® mPr, m2
0.2253  0.0010 B(t = Kv) = T 1= =) SEw
—e—  CKM unitarity, PDG 2013 '
0.2255 £ 0.0010
Ve =0.2212+0.0020 -
T— Kv/1—T1v, HFAG 2014 o us
e 0.2232 + 0.0019 / \
il T — Kv, HFAG 2014 _
0.2211+ 0.0020 Vs from 1 —-Kv and t —»nv ratio decays
C— T — s inclusive, HFAG 2014 5 2
0.2176 + 0.0021 Bt~ — Kv;) _ f;2<|vus| (1 = mZK/mg) i 0 )
P T average, HFAG 2014 B— == 2 5 5 — i
Eoron e B s o S camite i (o= =) o | Vudl® (1 — m2/m?2) np(t™ — )

0.215 0.22 0.225 Fm Vs = 0.2232+0.0019
IVusl 2014, prelim. k /

August 22-24, 2016 e+e- workshop 33
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= Q >3 > g
7, S -
20 IR s
QLR 22 ) e
Q - - >
£S5 i - =
S 3 3 J ~4
a F \

—

Hadranc

M.Gonzalez-Alonso
Hadrons

b——— T~
~—— —
—~
~——

/’\

R, =TI'(t —»v + hadrons)/T'(t — € vv) =3.636,
QCD predicts R, comparison of QCD and R,

gives Olg(m,) value
0.332+0.013,

that leads to Olg(my)
0.1202+0.0015.

If compare with Olg(m,) value from I',

0.1197+0.0028,

The difference between them is

0.0005+0.0032.

This is the precise test Ol5(E)
QCD dependence

e+e- workshop

a,(E)

0.5}

0.4}p

0.3F

\ Predicted running of the tau

measurement with its error

'V

‘\\ Measured
\\\ value at M,
0.2 \ l
o=,
().l A A A A A i
2 5 10 20 50 100 200
G.Lafferti E (GeV)
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Cross section
In units of R ;

R Value

Outline

e*e” physics introduction
e*e facilities

New data in tau physics
Charm news

Beaty physics

Future projects
Conclusions

R

August 22-24, 2016

Charm energy region

R =

a(e+e_ —hadr) 2~4.6 GeV

a(eTe —>uTu Jiceseececnccnrenenencncenccnncncanencsccanennee »

ll]l

| M
|

T

v 0-00

BESI|SS A\
BESI|(Preliminary)
Crysial Ball
Gammaz2

/(3 10)

plutol

|
£+t +l|;++ '

| | | ++
| + 0.0.(5-$]
LI (4.91)
i Threshcolds ) =.=.(4.94)
—
\ | L A A A L
2 3 4
Ecm (Goil)
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¢, b -quarks are heavy:

August 22-24, 2016

Quarkonia are similar to atom

m.~1.5GeV~1l.6m,;
m, ~ 4.5 GeV~4.8 m_;

""""""""""""""""" ~

i V(r)

linear “confinement” —

long distance component
~0.1 fm

!

velocities are small:
v/c~1/4 (for b b, v/c~0.1)
non-relativistic QM applies

_ " v ivoyw = EY

e
o> e
f' \\
/’ - e \\
, - - ~
’, > s ~
’ ’ — ~ N
p E — < "3
‘ 4 X o N
’ 4 A\
: P S— r‘ B ' ! 2]77
'
\ ' »
! | K : 7
1) . ’
\ ~ T v ’
— B~
\ Wi P ’
.~ D - ’
~ - - v
-~ -
~

xﬁ"' A

1/r “coulombic”
short distance component\f/

e+e- workshop

A.Bondar
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A comparison of charmonium and positronium structure

4.} Positronium (e*e")
,xcn(3°Pt)| 7
6 2%, 2%,
S | N
> 5P i
8 2 ls° 2 ‘P, /_—.
= ;: S—— 2%,
2 %
< e
s o
T
$ 3f
=
[
c
2
| ls‘
0 -
15, orto
'SSutes  ISSwtes  'PStates P States
0-. 1-- 10— 090 1¢¢ 200 pai‘a

August 22-24, 2016 e+e- workshop
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KEDR recent results
JIVY, S=1

= ¥ =
Nc»S=0 R — o(e e —hadr)
op Y glee -up)
Magnetic dipole transition R
5
=  Mark-l
. Mark-I+GLW
[(J/W = yne) = (2.98 £ 0.187%15) koB 45 & aw
¢ BES2000
4 T T I I I I I T I T 4 ; 2::::3:
Experiment Theoretical predictions PDG upper limit —— - s PLUTO
PDG lower limit —— - 3.5 Gamma2

Crystal Ball [49] A g e  KEDR (preliminary!)
s + - CLEO [50] @~ 3
s KEDR [51] —4p— - [ I
i’ [ Disp. relations [52] —@— 25 4 ¢ 4 } ] } ‘+ +:l |
8 L [ I Sum Rules [53] - i T = ‘| ‘
[ N e i e e e Sum Rules [54] H—+ 2r T |
; ‘ A Latt. QCD [48]
~ B N W HPQCD [55] | 1.5
E 0 Eff. theory [18] —2— :
Eff. theory, This work £ L3
KEDR, this result - 0.5
[49][50][51] [52][53][54][43][55][18](,“,5 ) 0'111111111111[111111111111111111111
V.Blinov 31 32 33 34 35 36 3
’ W, GeV
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J/¥Y—

(1835)
X(1835) : BESII X(1835)
L LT ¢ LB an 0 O as on pa ot P Frrr e _ . ' -+
:_(b)\ L=0:n'fp—> 0
s T L=1:nfy— 1%7
> 400 ¢ PDG:
S 300} n(1800) : 0
. : 2
S : :
> 200 F
= ST M WS . :
5 100 | (physics below J/VY )

v 14 1.6 1.8 20 22 24 26 28

Nature X(1835):
- p-pbar effect
- excited n’
- n'-f, - molecule

Second channel :

0 0
M(rtrn’)(GeV/c?) Jfp = YK Kgn
X(1835) —7f,(980)

August 22-24, 2016 e+e- workshop
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X,Y,Z states in charmonium X

- charmonium-like states with J°¢ # 17~
Observed in B decays, e*e", pp and pp collisions

X,Y,Z are new objects in quarkonium systems.
Most of them — unexpected.

They have quantum numbers of cc and bb states
They may have electric charge !

Their nature — molecule, hybrid, 4-quark ?

No X,Y,Z found in Y(1S) decays _ Z
- charmonium -like complex states . Must

contain at least a cc(bb) and a light qqg pair

Y

- charmonium-like states with JP¢=1"",
Observed in direct e*e™ annihilation or in ISR

August 22-24, 2016 e+e- workshop 40
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Exotic states

40-mesons
States of tightly bound quarks. Decay to ordinary
hadrons via the position reordering.

Molecular mesons

Weakly bound through pion exchange pairs of mesons.
Decay to constituent mesons or J/Psi +X.

Hybrid mesons
Bound states of gluon and colored diquark.

e+e- workshop
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X states X - charmonium-like states with JPC # 1

(BES IiI) Observed in B decays, e*e", pp and pp collisions
X(1835) considered X(3872) X(3823)
In previous slide, e*e -y X(3872) - ”)/TE“LTE_J/\P ete — T X(3823) - Y?T+TC_Xc1
J PC — O -+ 1++ . . ; .
- y y en Earlier observed in B_decays Earlier observed in B-decayS
JPC= 1++ JPC=2- . (as 1°D,?)
X(1835)—>1f,(980) L fom 2 ik - Data
S otal i (i)} i h — Fit
2 1of B L > ' .- Background
i o 30 o
+ - i . Sideband
X(3872) > ' J/V¥ : 8
8 DT TL T A A
MIRIBLE & ] 10}
?3 LT "L e : i
.8 3.8+5 ) 3.9 5 3.95 -
X(3872) = ccuu ? M J/w) (GeV/c) 9,6 oW o o
But : Mrem(n*n’)‘GeV/cz)
M(X(3872))=M(D™) + M (D9)) X(3823) > YXc1 . .
X(3872) = hadronic molecule ? Seen in recoll mass

May be not exotic
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Y states

- ~=
.....
- ~

Y. - charmonium-like

Observed in direct e*e"

states with JPC=1"".
annihilation or in ISR

4700 & Y(4660) L
3 2S+1
: L
. : 3
450(:} w(4415) =
: Y(4360)
430&._ Y (4260) :
w(4160) &
4100 r~, 40407
i %, Y(4008) == " ."05 v (2°P
> 3900+ " Gt e
@Y TS
- — @7
3700 F W B8 — v (@2S) ’
] , (1ZP;,)
3500 - he (1°P4) Xer (1°P5)
xc() (1~JP=')
3300 -
3100 - n (1'S) J/\|;(1381)
2900 . o+ PC
1 1 J 2
C.Yuan
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<
-—

PRL95, 142001 -

a’

]rrlll!l'i.w‘,
S JA A A e e e e

273/fb

Y(4260)—>
JW¥Wrr, yX(3872),
ISR,

HmC“l'i I||P|i' ! *,Iift'u }“i'i i mﬂ%

36

Events / 20 MeV/c?
&

3]
=
lllllllll

10

oo T-H%]

38 4 42 44 45 48 5 I\/I(Y):30|\/|eV +
2M(D’g), -> hadr.
molecule with posit.

bound energy

Illlllllll

=
ied—
| =—
ME-:

Y(4360), Y(4660)

Y. ~>¥(2s)nn

All'Y¢ found
Unexpected
(shown red)

e+e- workshop

1 II l 1
g. 4.8
m(1c*1rJ/ w) (GeV/cz)
~ T T T 7 | ST =
S 4F(3) veS) > Iyr'T 3
< B * BABAr :
f;?‘ 145— 112 events (520 b _5
2 BE [(1Belle 3
Q 2 110 events (673 fb') =
10 3
8- =]
6F- ‘ =
4F ru % L o=
20 )
oi'l‘l s £ ;q. 7 oA o i
4 2 4.8 5 5.2 54

m(y(2S)n ) (GeV/c?)



Observation of Z; in Y(4360) —» nn'¥(2S) — nZ,. (4054)

7 7
N : Z. ->TY(2S),
‘>\-’ 15 . 1 M_=4054 MeV,
2 | \ : charged
= .| - charmonium state
Al 10 = ' ",\ 3
o
U) i A —5— =
(A (. :
! T Jr
0k o e ol R _,::':"'i-pﬁ
4 4.1 4.2

M. [mw(2S)] (GeV/c?)
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7 states: - charmonium -like states . Must contain at
" leasta ccand alight gq pair

Table of Z states

Events / 0.01 GeV/c*

+ - + +o-

ee —m ZC(BgOO) e J/LIJ State Z. decay Reaction
L e a1
“BeSI | -~ 2o (390010 milyry  efesnilz

80~ - - PHSP MC
[ Sideband .
JPC = g+ 7 Z.(3885° (D D** ete—»n*Z,
Z. (4020*°  7n*n, ete >z,
== .3.8.‘ - ...3.9‘ e ‘4.OI

Mpax(@=Jlyr) (GeV/c?) ZC (4025)J_r0 (D* —D*)io ete— 10 Z

ZC STV Nature of Z states: - tetraquark ?

ccg,cqq c, (¢q) (CC_I)» CCTIT, - hadronic molec_ule
- hadro charmonium ?

All Z. found unpredicted | - hybrid
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Outline
e*e” physics introduction
e*e facilities
New data in tau physics
Charm news
Beaty physics
Future projects
Conclusions

August 22-24, 2016

e*e" B factory

The B factory is e*e collider,

operating in energy region of production

of particles with b quark.

Energy interval max ~ 9 — 13 GeV in c.m.s.
(np, — Y(6s) — B, - region)

e+e- workshop
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e*e” B factories summary

Cross sections at Y(4S)

e+e-->1t+1— 0.919nb
e+e-->pu+u— 1.147nb
e+e-->uds - 2.09 nb
e+e-->ccbar -- 1.3nb
e+e-->bbar-- 1.05nb

Integrated luminosity
Babar ~ 500 ifb
Belle ~ 1000 ifb

August 22-24, 2016

Number of produced events
T ~ 1.410°

up ~ 2.210°9
bb ~ 1.6 10°
cc ~ 2. 10°
uds ~ 3.110°

All flavours _ 149 avents

Two bg, Tg in an event,
self _tagging kinematics

e+e- workshop
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e*e” hadronic cross-section in Y region

[\
Lh

Soof
2 b iy
_% 5E
= F 4 Y(2S)
ol o
T xeEs)
+3 s 3 : \‘\_ + +,’f+ \L\* .JQI \.*\ Y(4S)
B i + ey 4 ‘1',“,_* Fama"stan, L VR S
Y(1S) Y(2S) Y(3S) Y(4S)
Q44 946 10001002 1034 1037 1054 | 1058 10.62

Mass (GeV/cz) 2M (B)

e’ e  ->Y(4S) -> BB, where B is B" or B

e” e ->Dbb (Y(5S)) -> B®B®, B®BWx, BBnm, B,MB ., Y(1S)

M(B,) = 6.3 GeV

August 22-24, 2016
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0.6

0.5

0.4

0.3

0.2

0.1

(0]
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BaBar PRL 102, 012001 (2009)

_Illl.llllllllllllllll

TTT 7T 7T
~
S 1
)]
—rt

| [Y(SS) |

Y(63)

+ Belle took data at 3

E=10867+1 MaB —

PO P | PR T I T S T PO T BT R [ T e | F
10.6 10.7 10.8 109 1 11.1 11.2

2|\/|(BS) Ns [GeV]

N(B¢)~4.6 107 ev/ab™
This is 20 times less
than N(B) at Y(4S)

main motivation

for taking data at Y(5S) 48



BABAR and BELLE important results

2001 - CPV Iin B-mesons
2002 - B > K I'I

2003 - CPVin B — ¢ Kqg
2004 -CPVINnB—>Km
2005 -b — dy

2006 -B >tV

2007 - CPV Iin B — p+ p—
2008 - D, mixing

2009- B—>D (*) tv

August 22-24, 2016

11_
10.8_—
10.6—

10.4(

Mass (in GeV/c?)
et o
(=) N

T E =t

—

U.’\

| S

o

O
o)

w
o
l I 155

{0
BN
sl

©
N
'!:

A

T(5S)

1(4S)

Y(3S)

Y (2S)

h,(2P)

h,(1P)

(0,1,2)'* (1,2,3)"

1 2
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Mass (in GeV/c?)

Transitions between bb quarkonium

e
10.8— _
10‘6; 1(4s) 1,(3P) - ki T Y(5S)
o 10.8 B
10.4— 1(3S) N 10.8[
: T hep) %P | - - (3P
10.2- = o | L 10.6— 1,(3P)
n(28)  [i(2s) B "
10— nP) (1P L ® L hi2P)  %2P)
9.8 10.2] Y(ID) || fot0.2) = D
' T % I P o [0
4 S [ ) B [ neS
Fngy N9 - e 10° h,(1P)  %{1P) s 1o hy(1P)  %(1P)
gul- 2 Tt —In S wave | |z p— & -
S 938 = 98
92 | F PC_4+- -
“+ Fo T (012" (1,2,3)-*i - J=1 5o § :
Lo 0 1 1 2 9.6/ i ’ F (b)hy(2P) > 1y (1S)y
? - Y(1S) Fa (s TS 2 op b .
ERG - s s
_ Gl 2 Tt — In P wave - T |
Re scattering of on-shell B()B(*) E - > oL
9.2 S
9.2 “F S0 |
T(15) - Jeo t - (0,1,2)" (1,2,3)] L0 o |2 | il
Fin 0 1 1 2 9 = 10 |
. o [ _
vl Discovery hy = |
. JPC=o* DR T R ¢ ol s s
— See next slide 8.8 9 92 34 96 98
: M, lntry) (Gev/ed)
Discovery ny
JPC=0"
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Observation of h,(1P,2P)

ete o> Y(5S) - hb(nP) nttt— Belle PRL 109. 232002 (2012), PRL108,032001(2012)

= _ r(28) ]
= 40000 [ —
- [ , T
= : =
I= i PC—1*- : =
£ 30000 | Y(1S) Jr-=1 i hb(?P)

20000 f

hy(1P) T

10000 |

0
9.8 1C;.4
M,....(GeV/c?)
AMHF(lP) =+0.8+ 1.1 MeV L+1 L+S
L=1, S=0, P=(-1 =1, C=(-1 =-1,
AM,(2P) = +0.5 + 1.2 MeV e i 1) (-1)

Hyperfine splitting (1* - 1**) is not seen
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(Events/10 MeV/c*)

Observation of Z,, in Y(5S)—>nntY(nS)—>nZ,

Z,,(10610), Z ,,(10650) , JF =17

80

o Y(1S)

(a) M (x'n’)>0.20Gev/c"

60 — }
40 b YT
20 ‘:
0 : 2 P 05,00 200028 174 T S TR O S RN N 7 v e
104 102 103 104 105 106 10.7

M(Y(1s)m) ., (Gev/c?)

10.8

(Events/5 MeV/c?)

ntn—Y(2S)

100

(b) M’ (n'n’)>0.14Gev/c’ _
80 [ 3
60 é
40 [ _:
20 - 5

0 [ PO X R N I R X R P vy s e i
10.4 1045 105 1055 106 1065 10.7 10.75
M(Y(28)m) _ ., (Gev/c?)

Z, »nY(nS), n=1,2,3
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(Events/5 MeV/c?)

(not predicted !)

e Y(3S)

120>|||

100 |-

& N @
o o o
T TTT TT7

N
o
T

&k
10.58

(e¢) M(x'n’)>0.10Gev/c’

L) WS SN I
10.64

10.61 10.67

107 1073
M(Y(3s)m)_, ., (Gev/c?)
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Bs—up , By —pp

Standard model : B — pipL = 3.65 + 0.23 107
By — MM =1.06 +0.09 10710

Bd:( bd)’ Bs:(bé),

Strongly suppressed in SM,

by FCNC and helicity

G.Lanfranchi LHCb and CMS coll., Nature, 522 (2015) 68 Experlment BS N MM — 28 i 065 10'9

-10

—

S
~

a

<
1 0—3 % CLEO S I !.t ....... ar ........
*  ARGUS Ol BaBar

Limit (90% CL) or BF measurement

L L I L it [ L 1 1 1 L
1985 1990 1995 2005 2010 2015
Year
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I A <
> b 4 -+
v e nd o il ™
10 s s E * o LHCb CMS B — 3 9 1 5 10
* % v A =rs " e ] & y d > MM - . i .
¥ 10°F ¢ ¢
- | ="
OO e Wt U e e 2 g e 3 L] +
*
# 107! " L "
10-6 0 O o~ BN T 2014,
¥
¥ *, .
A #

LHCb and CMS have advantages in statistics.
o B BELLEZ2 can confirm their result.

b ut

0 F = e
RERARY mE LHCb SM: Bg — 1 " A /4
10 * \:: CDF . ’ CMS ..................................................................... .i.' ...... .
VV L3 O ATLAS " o New phySICS ?
i AA DO ®@® CMS+LHCb | SM: B" — - /
10 { TR | 7 I T i S S s v | (| |

S / /

2.2 !
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Semileptonic decays

T

R(DO) = BR(B —=DOTVW/BR(B =D w- /H;,/;/ =
S v A AL

No suppression in SM Models: -
Leptoquarks N —
Data, HFAG: COmDOSite hlggS ) 0455 :giﬁfrﬁﬁ"%;‘ﬂﬂfim'2’ A=1.0 3
= 045F arKivs1507.0323: 3
R(D*)=0.322+0.018+0.012 Z W e _
R(D) =0.391+0.041+0.028 Hadronic effects g i
0.35— 3
SM 03 @ E
R(D*)=0.252+0.003 Cancellations: s
R(D) =0.300+0.010 - In theory calculations, .- SM prediction
- In experimental systematics (2012()’-%)_2' T T < T v T (-
Most serious deviation 39G | J.Hasenbusch R(D)
from SM
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Decays with ee or Ll pairs

R, = BR(B* =K*u'w)/BR(B* —K'e'e’)
PDG : BR(B*—>K*'I*") ~5.10°/

R (SM) = 1.00 + 0.01
R, (LHCb)=0.745+0.08+0.036

Ly deficit at My,,. <2.5 GeV

August 22-24, 2016 e+e- workshop

Other heavy particles
can contribute instead
of W, t, Z.

ee,up

55



+ +
Decay B™ — 1 V. 2-3 neutrinos in an event !

. Precise SM prediction:
Only V, suppression @ mg m?
b - Br(B — Iv) = = (1 — m_lzg)fgl Vi 275
\ e W Experiment: BR(B — T V) = (11.4 +—2.2) 107
o----- Theory: BRB —tVv)=7.4107°
/ Vsl (exp.- theory) ~ 1.8 G !
u e | v
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Future projects in t-c-b physicS

Outline
e*e” physics introduction
e*e facilities
New data in tau physics
Charm news
Beaty physics
Future projects
Conclusions

el = ey I [=

August 22-24, 2016

1.SuperKEKB - B factory
2.Super C-Tau-Charm factory
- Novosibirsk
- Bejing

e+e- workshop
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SuperKEKB Project

Super KEK-B
KEKB upgrade - SuperKEKB(nano-beam) _ increased beam current,
Bellell Two separate focusing ) re_dUCEd beam Size’
Newn Guads/each 2 beams - higher beam background,
A - larger crossing angle,
New beam pip permanent magnets - L int —> 50 ab'l

& bellows

2017 — collisions tuning
- partial BELLE2
2018 — full comissioning

More RF/modify RF
systems.

I‘ ’6\ Damping ring
& gt

¢ Low emittance positrons

Replace long dipoles with
shorter ones in HER

H Low emittance gun

Redesign the HER arcs to
reduce the emittance

Loy =8 10%°cm?s -1

New positron target /
capture section

BEAUTY, 2016
August 22-24, 2016 e+e- workshop



BELLE-2 for Super KEK-B

Belle Il Detector Upgrade

Csl(Tl) EM calorimeter:
waveform sampling ’
electronics, pure Csl —
for end-caps

-

\

4 layers DS Si Vertex
Detector —

2 layers PXD (DEPFET),,
4 layers DSSD :

PID system

Central Drift Chamber:
smaller cell size,
long lever arm

(barrel),

(forward)

August 22-24, 2016

RPC u & K| counter:
scintillator + Si-PM
‘o qurrend-caps

2017 — collisions tuning
- partial BELLE2
2018 — full comissioning

Belle brogram at SuperKEKB

e precision measurements of CKM elements
e rare B decays physics

e charm physics - mixing, CPV, rare decays,..
e tau physics - LFV, CPV, ...

e hadron spectroscopy - bottomonium, exotics
e searching for new physics - Higgs BSM,
dark sector, leptoquark, ...

Time-of-Propagation counter

prox. focusing Aerogel RIC

v

8
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BELLE Il prospects in physics

I'(B"»>D"'tv)
I (BO_)D(*)IV)I-':u.e

R(D(*))=

SM prediction
PRD &gsg%%zom

BABAR, had -tag. [426 fb
0.332 + 0.024 + 0.018 —e PRL 100, 101%2[(2012) ]
0.2037 00 +0.015 — e Belle, had.-tag [711 fb”]

oo

PRD 92, 072014 (2015)

2 2 LHCb, 7 —+ i v v [3.0 b
0.336 + 0.027 + 0.030 O—_n PRL ns 111803 (2015)
0.302 + 0.030 +0.011

Lttt mdiitanid YR TEDvIm— yam—- | DR Py metvvenr et meawy

0.1 0.2 03 04 —
J.Shui R(D*)

new Belle measurement
R(D*) = 0.302 = 0.030(stat) = 0.011(syst)

BELLE-Il goal - £+ 0.01 (12G instead of 3.9C ?)

August 22-24, 2016

YU70 LU.L. UPPEL NITTHILS 1Vl LTV T ueldys

LFV

T — Ly,BR limit4 10® — 3 10°
T — UUW,BR limit2 10 — 8 1019

NP models —» 107 — 1010

Belle Il compared to CLEO, Babar,

Belle, LHCb

= 0 ]
C by P° IS Iv° T Ihh Ah ]
L]
-5
107 n TIPS "_ . . . '?
8 - 5 B
B - - L ® -
10°F . E|
B c Vg ® o v = 3
7lle veTY ¥ Y _ el tHCOES % 7 | W []
10 _E e b . ad v vV VE_
El ¢ A v v A A &4 A A & 15
= g Y Yy Y . &0 Iha e
i . Ol ‘a . 4
M ! A
o
10—815_0 — CLEO
El % v BaBar
C ]+ Belle
4 bt °
10— * e — . « . - °Belel
E X o® - * L e e 0y e 3
8 e® o ®e L e o é o 3
C . o o®
Lo 0 Y A S O O e 1 O I (o O O I 5 0 O O I VLA IO ) ) O O 0 O 1 M o G l
10 PR
TrHEREEEFFRRASGTUL KRS 2 38 Doz 'm0 = Rk Rk xfx"x"’n- B\ xx <k<i<
0y 0T 0 ' s o'=® 0 bbbt kR r,—x!xfx”m-a-W" o=k R
[EAON 'm‘-w:‘miwlwlwdt‘r‘ BE\
u_ Miller, Boston U ity
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BELLE Il prospects in physics

b B—)TV, “V T O rTT™ | .'c"! f ™1 .\I T f—?—-r—r—1 T T
\\ He W : A _ f
= 1.0 ; m‘m i
_/ ;V‘\ g
u vV 0.5 Amy ";
sensitive to existence of 3
a charged Higgs (H-b-u) = 0.0 5 i
BR(B—TV)=1.1440.22)x10* - current measurement P E
SM =0.75x10"% i - :
Suppressed by V, in SM, | v,
but could be enhanced by NP process, Sum of angles ‘ PN S
: i I I foont. 01CL 3 095
€.g., charged Higgs of unitarity tiangle |} . ..., SEKS.
Belle Il could reduce the error in BR(B—TV) to 5% cAl °§ A LSS
For BR(B—HV) —10 % current a+p+y = (175+9)° (PDG)
Instead of 1.8 0> 7GCG? BELLE Il : o ~ 0.3°, B~ 1.0°, v ~1 5°

Instead of 9° > 20?2
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Super C-Tau project in Novosibirsk

Physics at tau-charm facility

S e o A

1 2 3
QCD and
Light hadrons FARICH
Tau physics
Charmonium
Charm

X,Y,Z states o

polarized e-
source

500 MeV e+

. Energy range 2 — 5 GeV

Max luminosity 10°° cm-2s™1 at 4 GeV
e~ beam polarization available
Energy spread 10 — 103 A > scC 6
Laser energy calibration

bhwbd
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Super C-Tau factory project in China

China: HIEPA

High Intensity Electron Positron Accelerator Facility

electron / * For tau-charm physics
a2 S\ | °* 3"™or4™ generationSRF

/ [/ “Siberia snake

. \\ * Potential for FEL study

Polarized |
Damping Ring M“‘ I Siberia snake
oo W | €==992.8 mdouble ring
\
\\ : > ./ |L=1x10% cm“s?
| R “Detector at 4 QMQV

Siberia snake

August 22-24, 2016 e+e- workshop

Polarization available

on one beam

Symmetric machine

with low currents and

crabbed waist solution

for the interaction region
H.P.Peng, Tau2014
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Production rate / year

SCTF, 1 abl

J¥ -1104
DD -310°

D, D, —3 10°
™t~ - 310°

Compare with BELLE-II,
at Y(4S), L= 10 ab

Charm - 1019
Tt~ -10%0

August 22-24, 2016
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Conclusions

1. First generations B-factories in KEK and SLAC completed
data taking with overall luminosity of 1.5 inv.ab.
2. CP-violation In b-sector is confirmed, many new results in

T—Cc—b physics are obtained. Some results are in tension with SM.
3. BES-Ill continues data taking with max luminosity of 1033 cm=2s-1,
4. BELLE-2 detector in KEK is close to start data taking at upgraded
collider with the max luminosity of 8 103°> cm™2s1 .
5. Aproject of super-charm-tau collider is developing in Novosibirsk
and Bejing
6. e*e facilities in T—c—b physics are in strong competitions
with LHC detectors LHCb, ATLAS, CMS.

August 22-24, 2016 e+e- workshop
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Thank you for listening !

e+e- workshop
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Backup slides

e+e- workshop
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Total electric charge of quarks and leptons =0

(3*@2/3)+3*(-1/3))*3 +(-1)*3 = 0!
- separately for particles and antiparticles - puzzle!

colours

Quark\
=2/3
X M Leptons
g=0""— g=-1
Quarkg— — H? “Mother” particle >550 GeV ?
g=-1/3 M>Q*L™ +QL*

Quarks and leptons could be relatives .
Hint of transition between quarks and leptons?
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Total electron and proton charge =0
q(p)+q(e’)=0

Why ?
Hint of mutual transitions between them ?
Model of grand Unification

Search of protondecay p —> nl+e”?

1, > 10% years
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Fundamental constant and dimensions

Three dimensions Three constants _ _ Dimensions do not
[I ] -length h - P_Iank constant (min. spin) directly correspond
[t ] -time c - light speed (max speed) to constant
[m] - mass +

G =hc/mp? =6.7 108cm3 grist

mp, =1,2-10"° GeV /c?;

Redefinitiom of constants:

I = hCm =103 cm

P
tp = I% =10 *sec
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Physical program for S-C-Tau facility

Physics below open charm
- Light hadron spectroscopy

Physics below J/¥ - Rare and forbidden decays Above threshold of open charm
Search of multiquark - Physics with t lepton - Physics with D mesons
states with s-quark - Process of LFV and CPV - Charm baryons
Hadron form factors - fp and fpg
Study of Y(2160) - Dg -Dy mixing
- X,Y,Z particles

1. QCD and

2. Light hadrons
3. Tau physics
4. Charmonium
5. Charm

6. X,Y,Z states
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Levels of bottomonium

THE BOTTOMONIUM SYSTEM
from the Particle Data Group, http:/pdglive.lbl.gov/

£ F
- Y(11020) s
11.00— Y(1Q0) Y(GS) 18100 —
: | Y(SS) 10909 Mo ¥, (10888) 2

107" e e L PO ah.
L ~ 10700 _ Z,(10610)° B*B*
____]_(4 S_)____Z_M T N M e T i G e
e —— o ———— | e = R R R e e P s B

10.50— 10500 o
i ” Y(38)

[ Nu(3S) 1_@) — i 0 = ) £, (2P)

pre AR hb(2p)7.b(2p R I h, (2P) Xy (2P) Faldy Lo v(1°D,)
10.25~ —_—

5 g 1, 25) Y@S) [ o\ © nx ‘mz =3

[ Y(25) mm— h, (1P) 7,,(1P) 2,,(1P)

10.00'_ -qb(zs) h 1 p - (1 o ;m nn — lw(ﬂ:’) Sy
: AMHF(1P>%==-9(----V‘D \ S
- | ::.‘l

a3 h, — recently found - |
- (next slide) : Y(8)

9.50— - P s - G % 2 £ :
: le(1 S) }H-S) J 0 1 1 0 | 2 2
e =0+ - (1} 0.1.2)"

\_/
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STCF: Machine Parameters

INFN BINP China
Beam Energy, GeV 1.0-2.3 1.0-2.5 1.0-3.5
Circumference, m 340.7 813 992.8
Number of bunches 930 390 240
Bunch Current, mA 3.29 4.4 5!
Beam Current, A 1.0-1.745 1.7 20
Emittance Horiz, nm 56.11-4.89 8 10
Emittance Vert, nm 0.015-0.012 0.04 0.05
Bunch length, mm 10.1-6.9 16-10 10
beta x (IP), cm 7 4 100
beta y (IP), cm 0.06 0.08 0.1
RF frequency, MHz 476 508 200.06
Luminosity, cm?s 0.2-1x10°° 0.63-1x10%°| 1.05x10%*
Y.Sakai
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Tau polarization in e*e -> T™t ~ process, electrons — longitudinally polarized (R.Li)

(e,NN) cos 0
Eon N = _EN? = il — 57 .2 - taulongitidunal polarization
e, — N (e,N) i sin ¢
Eph le, — N (e,N)| L — g .2 g -lautransverse polarization
Z Z — —é_ e
= o
%-i-(l—l,)(ezN)‘2 %—l—(l——) cos” @ _ /
£ e,==%" & . dlo:? =t - tau polarizagién along electrons
l ]—%“Nl 1—3 sin? 0 i S —— '
5 1— 82N j)L 1 — ,,32 sin® @
on = Bocg B 2 - tau polarization of
( — ?Nl> (1 — £ in? 9) }

August 22-24, 2016 e+e- workshop L N



August 22-24, 2016

e+e- workshop

75



