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e‘e” collider experiments

NOW
BEPC IT/BESIII
- 2008- Symmetric
- 1.36 J/y,400M y', 2.9 fbl y", 3.3 fbl above 4 GeV
PEP-II/Babar
- 1999-2008 9 Geve + 3 GeV e*

- 471M Y'(4S), ~500M charm pair
KEKB/Belle
- 1999-2010 85 GeVe +3.5GeVer

- 772M Y (4S) events(B pair), 10° charm pair, ~37M b-pair@Y(55),
~31 fb1 Y(5S) scan, 34 fb1 Y(1/2/35)

FUTURE
SuperKEKB/Belle IT under construction
- 2016-
- 50 ab! ~ 5 x 10%° B pairs, eftc.




e*e” annihilation
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Event CM energy = ee- CM energy + few MeV

"Hermetic" detector measures nearly all final particles exc. K, n, v
=> "neutrals reconstruction” is possible

Average multiplicity (chg+neutral) ~15-20

Near-threshold @ Y(4S), Y(5S) [y"] exclusive B [D] pair events -
full reconstruction tagging and other tricks
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Qutline

* CKM/New Physics
Beauty
- b->sl*l- forward-backward asymmetry

-B ->TV

-B->DO TV

- CP Asymmetries

Charm

- DY mixing

3 - QCD: Exotic heavy quarkonia



Lepton Forward-Backward Asymmetry in
Inclusive B — X /10~

Belle




Forward-backward Asymmetry Belle

I'(b— sftl ;c080 >0)—T'(b— slTl¢ ;cos6 < 0)

Arg = I'(b— stti—;cos6 >0)+T'(b— sl+l—;cosh < 0)

* Theory: contributions from EM penguin, EW vector,
axial vector

dArB 3 ¢ 5 @ 2my,
.~ ~STomd = ) Oy ReCy+ ~5K0)

Wilson coefficients

* Previously measured in exclusive decays
[PRL 103, 171801 (2009)]
* Inclusive Arp has smaller theoretical uncertainty




Arp Semi-inclusive reconstruction Belle

772 x 106 B pairs
18 exclusive hadronic final states B —y X ¢t/
- X={K}{nm}, n=1,2,3 ,4 v I
Full reconstruction SN} EV
- My, AE e w/
Leptons: e*e or pur ] >
- J/y, y(2S) veto
Neurobayes neural network background suppression

Select one candidate per event
Use
- 10 hadronic final states:
No K+4m modes
BO - self-tag (K*) modes only




Arp semi-inclusive

4 bins of g2

Belle

Simultaneous fit in My, {F,B} incl. efficiency
Correct raw Agg via MC

Events / 2.5 MeV/c2
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Agp Semi-inclusive: result

Belle Prc iminary
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Arp<0 excluded 2.3 o

AFB
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Lepton universality
and New Physics

neutrino "reconstruction” in e*e” events
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Semileptonic
m, tan B + m_ cot 3

/
/

&
H /W e
\l,' T+
V‘L’
Ratio (T/y) is sensitive to charged Higgs

B->1 v probes leptonic + H-b-u vertices
B->D)1 v probes leptonic + H-b-c vertex

< |
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S B(B_ — ’7'_57-) with hadronic tagging Belle

3 abar
i Belle [0.727030 +£0.11] x 10~ PRL 110, 131801 (2013)
0 +0.53 —4
4 Babar [1.83755 +0.24] x 10 PRD(RC) 88, 031102 (2013)
| Combined w previous results: = [1.14 4 0.22] x 10~*
» full reconstruction of B on one side; examine residual particles
- partial reconstruction of tau, plot residual detected energy
300:—
120 - Babar
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< B(B_ — T 57-) with hadronic tagging Belle -

3abar
Belle [0.727931 £0.11] x 10~* PRL 110, 131801 (2013)
Babar [1.837)35 +£0.24] x 10~* PRD(RC) 88, 031102 (2013)

Combined w previous results: — [1,14 + 0.22] x 1074

3 1-CL
0.30’:19-"1'"'1""1""1"'d .
i (SIHZ(pl, B(B -> TVT)) -
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aA56(B — 1 U;)

with hadronic tagging Belle & Babar
Belle [0.727930 £0.11] x 10~* PRL 110, 131801 (2013)
0.53 —4
Babar [1.83757, +0.24] x 10 PRD(RC) 88, 031102 (2013)
Combined w previous results: — [1,14 + 0,22] % 10~4
0.30’_‘1.0-3...|....|....|....|....p_-va|ue1.0
- (sin2¢,, B(B -> 1v)) 1 Mo.s
2014 025 - VS . g 0.8
Not so tense = all other CKM constraints - .
— 0.20 — — '
2 . 1 M o6
nll; 0.5 [ . 0.5
Precision will improve € | 1[04
in Belle IT era Mo 1 Flos
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SM.

B(B->tv) = 1.6x104
B(B-> uv) = 7.1x10-7
B(B->ev) = 1.7x10-1

ection

T T T '] 1 1 1

10 BZ”? IT DI"OJ

. Observe B->uv
with ~5 ab!

Significance

1211'41‘16111811I-
Luminosity (ab1) 10

systematics cancel in ratio
-> strong test of universality

Potential deviations, e.g.
2-Higgs doublet Model

b
>W-’-*-'@nb
u Vi Vy

T out




_ PRL 109, 101802; PRD 88, 072012 (2013)
Babar

~ B(B — DWri,)
N B(B — D(*)Z_Dg)

+ InSM, R(D)=0.297+£0.017 R(D*) = 0.252 % 0.003
* eg., in Type IT 2HDM:

. . tan? tan?
R(D™)ompym = R(D"N)gm + Ap o —— g + BD<*>TB
m2, . mi |

Babhar

R(D) = 0440 +0.058 £ 0.042 N0t good

£\ n n agreement
R(D*) = 0.332 £ 0.024 4 0.018 v SAA
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Test 2HDM type II Babar

PRL 109, 101802; PRD 88, 072012 (2013)

R vs tan [5/mH PRD(RC) 88, 031102 (2013)
0.8 = - — —
_ B — DT Vy 2HDM . B — T U,
= "°F N 2HDM
- t
® 04 Babar result 06_ Vi |
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Test 2ZHDM Type IT Babar

PRL 109, 101802; PRD 88, 072012 (2013)

tan B vs my PRD(RC) 88, 031102 (2013)

P
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B — Dt vy
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space excluded at 20
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CP Asymmetries

The Universe is CP-asymmetric - what is the origin?

The only known source of CP asym. (CKM) is insufficient
- = There must be another source

To find new sources, we need to understand old ones

* @1 (B). 9x(a), 95(v)
Analysis at Belle, Babar continues, look forward to Belle IT
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Recent results

Belle
B->mm, Acp, isospin analysis PRD 88, 092003 (2013)
- 23.8 > ¢,, > 66.8°
B->p%0, isospin analysis arXiv:1212.4015
- P, = 84.9£12.9
Evidence for suppressed PRD 88, 091104(R) (2013)

B— DK_{D . K+7T_7TO} D = DY or D (sensitive to @)

First A,20 in a new penguin mode sensitive to ¢,
BO v LKO arXiv:1311.6666
S

A null searches
Bt . wK+ arXiv:1311.6666

BY = ¢K* PRD 88, 072004 (2013)

20







Winter Conference 2014
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O ° °
D” mixing Be le_arXiv:1401,3402
976 fb!
"Wrong-sign" D*T — Dzt DY — KTx—
interference: mixing, double Cabibbo-suppression (DCS)
. T'ws(t/7) it 2? +y” (t)2
R(t/T) = - ~ R VvV R — —
S N A Al R R
r=Am/T 2’ =2xcosd+ ysind
y=AT'/2' 3y =ycosd — xsind

d = relative phase

Mixing

DCS  Rp = AT(DCS)/AT(CF)
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Be le arXiv:1401.3402

976 fb!
H  “Wrong-sign" D*T — Dzt DY — Ktg~
2 g -
RS . Right sign | ‘o ; Wrong sign
%) i % i{}
= [ 2 1500 - !
— 200 = i
S | . 5 | '
2 i ! "5 1000 ;
= i I 2 :
= 100 [~ ] o [ j%Wﬁi
w | : o | My
: I 500 [~
:—4._‘_‘_&_ - 1 l l . l
014 0.15 ) 014 0.15 ,
AMg¢ (GeV/c?) AM,\5 (GeV/c?)
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Bele arXiv:1401,3402

3 976 fb!
8 ~ FWS(~/7_) ,t $/2_|_y/2 (t)2
£ t — — ~ _ v
> R(t/T) Fres (F/7) RD"‘\/RDyT—I— . .
T 0.006- | /
) .

Rp = (3.563 £0.13) x 1077 N
"2 = (0.09 +0.22) x 1073 Mixing
y = (4.6 +£3.4) x 1077

0.004 —

First evidence in e*e”; consistent w LHCb tt ”




QCD
Exotic quarkonium-like states

(conventional quarkonium results
not included here)
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History of heavy quark exotica

PD G 1 3 State m (MeV) T (MeV) JPC Process (mode) Experiment (#a) Year Status
X(3872) 3871684017 <12 1"t B K(xYx"J/¢)  Belle [36,37] (12.8), BABAR [38] (8.6) 2003 OK
pi = (752 J0) + .. CDF [39-41] (np), DD [42] (5.2
: B — K (wl/¢ Belle [43] (4.3). BABAR [23] (4.0
Many are unconfirmed gl sy o
. .. B— K(D"D") Belle [44.45) (6.4). BABAR [16] (4.9)
Pr'lmar'y characteristic: B — K (vJ/¥) Belle [47] (4.0), BABAR [48,49] (3.6)
. : B — K (+¢(25)) BABAR [49] (3.5), Belle [47] (0.4)
i koni
h gh r‘a*e 1.0 quar' onia pp = (7Tx"J/P) 4 ... LHCbH [50] (np)
Char'momum X (3915) 30174 +£2.7 28+19 072" B — K (wl/¥) Belle [51] (8.1), BABAR [52] (19) 2004 OK
||k ctem weteT (wlv) Belle [53] (7.7), BABAR [23] (np)
e X (3940) 394242 Tty 77+ ete” — I (DDY) Belle [54] (6.0) 2007 NC!
ete™ = J/v(..) Belle [20] (5.0)
G(3900) M3 £ 21 52411 1= ete” —4(DD) BABAR [55] (np), Belle [56] (np) 2007 OK
Y (4008) d008t 13 226+07 1=~ ete™ — y(xTxTI/Y) Belle [57] (7.4) 2007 NC!
Z(3885 7, (4050)* 405143 s2tdl ? B — K (x*xa(1P)) Belle (58 (5.0), BABAR [59] (1.1) 2008  NC!
Y (4140) 41434 + 3.0 15411 774 B — K (6J/v) CDF [60,61] (5.0) 2000 NC!
X (4160) 4156% 37 139% 113 77+ ete” — JI(DD") Belle [54] (5.5) 2007 NC!
Za(4250)* a28t1%2 177 ? B — K(x*xa(1P)) Belle (58] (5.0). BABAR [59] (2.0) 2008 NC!
Y (4260) 426313 95414 | cte” =y (vt =27 J/Y) BABAR [62,63] (8.0) 2005 OK
CLEO [64] (5.4), Belle [57] (15)
ete™ — (zha—d/w) CLEO [65] (11)
ete” — (2"2%0/v) CLEO [65] (5.1)
Y (4274) 42744753 32+% M+ B - K (6J/v) CDF [61] (3.1) 2010 NC!
X (4350) 435063 133%10 0 0/2%t  etem —etem (0d/y) Belle [66] (3.2) 2000 NC!
Y (4360) 4361 + 13 T4+18 177 eYem oy (xTxT(25))  BABAR [67] (np), Belle [63) (8.0) 2007 OK
S . Z(4430)* 444334 'y ? B — K (=*v(28)) Belle [69,70) (6.4), BABAR [T1] (24) 2007 NC!
BOTTOH’\OHIUH’\-‘\-(,,G%, 1634% 7 2ty (i etem v (ATAD) Belle [72] (8.2) 2007 NC!
' I Y (4660) 1664412 18415 17" ete — Azt e(29) Belle [68] (5.8) 2007 NC!
IKe
0 m 10607.2+£2.0  18.4+2.4 1t T(5S) — =" (=™ [bb]) Belle [73.74] (16) 2011 NC!
Z,9(10610 - 106522415 115422 1t T(58) — = (x* [b]) Belle [73,74] (16) 2011 NC!
Yy (10888) 10838430  30.7737 1=~ ete” — (z¥x7T(nS)) Belle [75,76] (2.0) 2010 NC!
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* Observable states < color singlet

' - Mesons, baryons {9q}, 1994}

- Other possible color singlet combinations
- Pentaquark 199qqq}

- H-dibaryon {qqqqqq}
* Glueball  {gg}
. Tetraquark ~ 1993{qq} {qq}{qq}

. Quark-gluon hybr'id {qqg}

27



Upsilon region Belle

Bottomonium-like, found mainly in region above Y(4S)

L
3ol e e %hajdrons .

Y (4S)

&
] -

10.6 0.8 1.0 (1.2
W(GeV)
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Z.:(10610), Z.* (10650) -
Observed in 121 fb-1 @ Y(5S) (10860) [PRL 108, 122001 (2012)]
7+ (xx) — {bb}r™

in events

ete” — {Y(1S),Y(2S),Y(3S), hy(1P), hy(2P) } T 7™

Since observation:
- NEW: Measurement of JP
- [arXiV:1209.6450] Observation of

ete = ZERT{ZE - [(B'BY)*, B'BW)H))
- [PRD 88, 052016 (2013)] Observation of Z,°(10610)

Soon:

- Scan of Ymm cross section, analysis of resonance/continuum b
cf: PRD 82,091106(R) (2010) 2




Measurement of J? Z,£(10610), Z,*(10650) Belle

- e = TnS)rtr {YT(nS) = u pu"}
6-d fit to J° hypotheses 1+,1- 2*,2-

BELLE

w:..nl. T Y(lS) —l-rv-!—v—!-rrv-l—q WOE'_"'_'_F""'"'I' Y(ZS) |1|1|l|||l|l: ﬂOE nnnnn T Y(BS) T [T
& [ P~ 1+ + 9- 1 1ok
< w0l { =171 272 1 e ok Black:

F 1 > 80 F .

. iy ] Bwf 1 £%  |B 1" hypothesis
S W ' 4 o ] © 6 f ii
® | : 40 - ] 3 [
I § | 1§ e
b zo:— 1 & [ 4 & zo:

(o I — T T R T s R Ry i

M(Y Mmax(YT[) MesIU.., (Gav/ch) M(Y(38)T)_.., (GeV/c’)
| Zp(10650)  1* 1~ 2+ 2~

w .l Z4(10610)
g 1+ 0(0) 60(33) 42(33) 77 (63)
e | 1- 26 (47) 264 (73) 224 (68) 277 (106)
8 2+ 205 (33) 235 (104) 207 (87) 223 (128)
gm_ 27 280 (99) 319 (111) 321 (110) 304 (125)

S I Spin parity of Zb(10610) and Zb(10650) is 1+.

W (n'm), Gevi/ct All other J°’<3 are excluded.

from A. Bondar, Hadrons from Quarks and Gluons 1/16/2014 30




Measurement of J? Z,(10610), Z.* (10650) Bgeile

- ete” = Y(nS)rtr {T(nS) = putp=}
6-d fit to J° hypotheses 1+,1- 2*,2-

h'_T Y(35)
ln£(1+) — lnL(JP) Wﬁ'} >., 1+ i
Zy(10650) 1t 1~ 2+ 2~
Zp(10610) Y(2S)nm (Y(3S)1m)
1+ 0(0) 60(33) 42(33) 77 (63)
1~ 226 (47) 264 (73) 224 (68) 277 (106)
2+ 205 (33) 235 (104) 207 (87) 223 (128)
2° 289 (99) 319 (111) 321 (110) 304 (125)
l nw ........ w n ‘ Spin parity of Zb(10610) and Zb(10650) is 1+.

0.2 0.4 0.8
W (n'n), Gev?/ct All other J°’<3 are excluded.

from A. Bondar, Hadrons from Quarks and Gluons 1/16/2014 31




arXiv:1209.6450

. B*B(*),B*B<*)]jt Belle

Events ete  — [B*B(*>, B*B(*)]iﬂzlz
Select (fully reconstructed B,m), examine recoiling mass

120

100

IIIIIIII'IIIIIII

40

Nevents/5 MeV/c>
(o))
o

PR T TR TN 0 SR O A W Ot st St T T R Ty W Wy T M - 1

5 5.1 5.2 5.3 5.4 5.5
rM(Br)+M(B)-Mz, GeV/c’
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: arXiv:1209.6450

B(*)]j Belle

Fraction, %

Z3,(10610) Z3,(10650)
T(19)rt 0.32 4+ 0.09 0.24 + 0.07
T(25)n ™ 4.38 +1.21 2.40 + 0.63
T(39)rt 2.15 4+ 0.56 1.64 + 0.40
hy(1P)7t 2.81 4+ 1.10 7.43 + 2.70
hy(2P) 7t 4.34 + 2.07 14.8 + 6.22
BTB* + BYp*t 86.0 + 3.6 —
B*t B*0 — 73.44+ 7.0

B*B() Dominate




PRD 88,052016520132 Belle
Y(18S,2S,3S)77 {T —eTe ,up}

35: 18 """"" l T I T 0T I LA l TPy l T 77 l LB B AL
; : - (a)
of  with Z,(10610),Z, (10656 .
. "Q
25 ! )| .
E s 12 :
20F &
- - ]
152 E !
- 6
10F g .
5
(1] : 33 28 Sk

S e o e
104 1045 1 . 0.55 10. . g 1075 10.58 10.6 10. . . I .
M(¥(28)m) ., Gev/c’ M(¥(38)n") ., Gev/c?

Z,.9(10610) observed with 6.50 significance
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Z*(3900)

n Y (4260) — J/prtr
Belle €'e” = spY(4260) BESTIT Vs =4.26 GeV

. 0 _ +- data 100~ i::tt; fit
~ NQ 60 = — Fit NQ - ---- Background fit
% 50 = — Background % 80 B -.=. PHSP MC
G “UF ~-pPHsPmc O + [ Sideband
S 40F o 60 \
© _f S
o ¢ 2 40}
& 20F e I
T oS 7+ o
Lu 10 - -j"' Lu 20
O - S - 0 4
3.7 3.8 3.9 4 4.1 4.2 3.7 3.8 3.9 4.0
M. (mdy) (GeV/c?) M. (mtJly) (GeV/c?)
PRL 110, 252002 (2013) PRL 110, 252001 (2013)
M = (3894.5 £ 6.6 £ 4.5)MeV/c*>  (3899.0 & 3.6 & 4.9)MeV /c?
' = (63 + 24 + 26)MeV (46 + 10 £ 20)MeV
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BES [II qrXiv:1310.1163

Vs =4.26 GeV

09 N°10
_—

> 80 >

® 70 ) 80
= 60 =

< 50 < 60
~ ~

o 40 B 40
T 30 [=

® 20 ® 2o
> 10 >

L 0 L 0

M = (3883.9 4+ 1.5 + 4.2)MeV /c?
I =(24.84+3.34+11.0)MeV

If we assume Z(3900) & T'(Z(3885) — DD*)

3.85 390 3.95 4.00 4.05 410 4.1¢ 3.85 390 3.95 400 405 4.10 4.15
M(D°D*) (GeV/c?) M(D'D*") (GeV/c?)

Z(3885) are the same, I'(Z(3900) — J /)

— 62 1 11 €1 27
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"Z (4025):"

— * Tkt
ete” — [D*D*]* T
80; —4—data  —- Z.(4025)
~_ 70f — total fit - comb. BKG
(;') : --- PHSP signal
(o)) 60; L ws
= 50}
E9) g
(q\ 40;
5 20|
S .
W 1o}

402 404 406 4.08

RM(r) (GeV/c?)
Reconstruct D*, m°

BES ITI qrXiv:i1308.2760
Vs =4.26 GeV

M =

(4026.3 & 2.6 -

[ = (24.8 -

- 9.0

7.7)MeV

olete™ — Z.(4025)F 7T

s [D*D*|*x¥)

o(ete= — [D*D*]*7TF)

= 0.65

0.09 4

- 0.06

- 3.7)MeV /¢
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"Z.(4020)"

13 cms energy points 3.90-4.42 GeV
ete” — wtr he

hc — YMec 15}
n. — 16 exclusive hadronic 4

M2._(GeV/c?y

37 38 39 40 41 42

M, (GeV/c?) No significan’r ZC(3 900)

130 0.1 0.2 03 04 0.5 0.6 07 0.8

o

- ~N w & o N e «©

0

| M =[(4022.9 + 0.8 + 2.7)MeV /¢
%lwi— {I I' = (7.9 + 2.7 + .6)MeV
.

E o Wﬁwwﬂ%ﬁfﬂ‘ﬂ@'\, Agreement w Z (4025): 1.50
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Emerging dualities

4 Bottomonium-like & Charmonium-like
4 - charged -onium-like structures Z;, Z,
+ Z's are very close to open flavor

thresholds: QQ*, Q*Q* (Q=B,D)

« TOJPC=1*1*

* Observed in both hidden-flavor and open-
flavor modes

» Open-flavor modes dominate but not
overwhelmingly

4 What are they??

40



Emerging dualities

3 What are they?? many theories
[ - Meson molecule

[A.Bondar, et al., PRD 84, 054010 (2011)]
» Coupled channel resonances

[I.V.Danilkin et al, arXiv:1106.1552]
» Cusp

[D.Bugg, Europhys.Lett. 96, 11002 (2011)]
+ Tetraquark

[M.Karliner & H.Lipkin, arXiv:0802.0649]

8 Much still remains to be explored
il - Belle final set, BESIII still running
3 - Belle IT to come

41



Summary

e*e” colliders
+ complementary role to the Energy Frontier
- "inclusive" studies
- Modes that include 79, v
- Clean data, low systematics
Recent results
- b -> sl*lI- Agp by semi-inclusive method
- Leptonic & semileptonic decays - tension on 2ZHDM
- CP, CKM
- DY mixing
- Rich spectroscopy of quarkonium-like particles

* Looking to the future - probe TeV mass scales via
Intensity ..
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to find the NEW...




the OLD

there IS a leopard
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