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[etekTop Belle Ha e*e™ Konnanpepe KEKB
Habop gaHHbix B 1999-2010rr B nabopartopum KEK (r. Llykyba, AnoHus)

Csl KLM /TOF

- J

>1abl

On resonance:
Y(5S): 121 b
Y(4S): 711 bl
Y(3S): 3 fb!
Y(2S): 24 fbt
Y(1S): 6 fb!

Off reson./scan :
~100 fb1

L =2.11x10% cm2-s71
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= Z,(10610),
Z,(10650)

MMWHUMANbHbIN KBAaPKOBbIN
COCTaB:

| bbud )



7,(10610) ~ M=10607.2£2.0 MeV
=  18.4+2.4MeV

Zb(10650) M =10652.2+ 1.5 MeV
I'= 11.5+ 2.2 MeV

Monekyna

| BU*IB*)

|

PaCI'Ia,LI,bI Ha CoCTasadrowmne
Z,(10610) — BB*
Z,(10650) — B*B*

AO0/1XKHbl JOMUHUPOBATbL

Belle PRL108,122001(2012)

8613 nopora BB*
OM =+42.6 £ 2.1 MeV

861131 nopora B*B*
oM =+1.8+1.7 MeV



Belle PRL108,122001(2012)

Z,(10610) M = 10607.2 + 2.0 MeV 861131 nopora BB*
I'= 18.4 + 2.4 MeV OM =+2.6+2.1 MeV
Z,(10650) ~ M=106522+15MeV 86,1131 nopora B*B*
I'= 11.5+ 2.2 MeV oM =+1.8 £1.7 MeV
I
]
]
]
\/
Monekyna JNNKBaPK-aHTUANKBAPK ?
|B*)B*) |(ba)(ba))
i
I Ali, Hambrock, Wang,
\ PRD85,054011(2012)

PaCI'Ia,LI,bI Ha CoCTasadrowmne
Z,(10610) — BB*
Z,(10650) — B*B*

AO0/1XKHbl JOMUHUPOBATbL

Pacnagbl Ha B*)B* He BblaeneHbl
[(B*B*) ~["(Yt) ~ I'(h,m)
NVKBapK pa3spyLuaeTca B 1tl0bom ciayyvae



Y(5S) > BB*x BocctaHaBanBaem oguMH B me30H 1 T, CNOAb3yeM MACCy OTAAUM:

Y(5S) = B*B*x
Iv'rec(BTc) = \/(Ee+e-_ EBTE)Z - (F_):a+e-_ F_))Bn)z

Belle arxiv:1512.07419

T Z,(10650)

2
M (), GeVic

10.6 ' : | 1 %I(10610)

BuUAHbI CUrHanNbI

Z,(10610) — BB*
Z,(10650) — B*B*

BB*n B*B*n

104F
r 3 o 1 5 4 4 4 1 4 4 4 | I
5.1 5.2 5.3 5.4
M_ (Br), GeV/c?

rec




Tabnvua pacnanos Z, =

Belle arxiv:1512.07419

Channel Fraction, %

Z,(10610) Z1,(10650)
T(1S)r ™" 0.60 £0.17 £ 0.07  0.17 £ 0.06 & 0.02
T(2S)n ™" 4.05 £0.81 £ 0.58  1.38 £0.45 £ 0.21
T (39)m+ 2.40 £0.58 +0.36  1.62 £ 0.50 + 0.24
hy(1P) 7T 4.26 £1.28 £ 1.10  9.23 £+ 2.88 4 2.28

hy(2P) 7" 6.08 +2.15 4+ 1.63
BTB* + B'B** 82.6 2.9+ 2.3

17.0£3.74 £ 4.1

70.6 =49x44

BB*, B*B* JOMUHMPYIOT, KaK 1 OXMUAAETCA ANA MONEKYNAPHOMN CTPYKTYPbI

6D

MoNHbIN aMNAUTYAHbIA aHann3 KaHanos Y (nS)ntm =

B(*)B* B S-BosiHE

Belle PRD91,072003(2015)

Z,(10610) JP=1*
Z,(10650) JF=1*



MexaHn3am CcBA3u

7T
Y I,,TC B* B* I,,TC B* Y
B \ N
B B B T

;B B* B* ;B Y B*
+ \/X\// + /\ / + o
\ . L \
B B* B B T B

— NONKC B aMNNINTYyAaX — «Pe30HaHC CBA3aHHbIX KaHa/10B»

Guo, Hanhart, Kalashnikova, RM,
— PeHOMeHOo/10rM4yecKkas na pameTpusauma aMmnantygbl Nefediev, Wang arxiv:1602.00940

NnapameTpbl: KOHCTaHTbl CBA3U B BEPLUUNHAX

BB* +—BB* BB* <:>—<>hb(1P)n BB* Hg;z;ﬁ
* R ke -3 R¥Q* *R¥ke 3 * R %
B*B B*B B*B h,(2P)n B*B YES)n
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= OaHoBpemMeHHbIN GUT 4 KaHANOB:

Arbitrary units
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Guo, ... arxiv:1602.00940
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Nontoca amnanTyabl B6an3m BB*, B*B* noporos Ha Il v Il anctax noBepxHocT PumaHa

— Z, — BUPTYa/ibHbl€ COCTOAHMUSA

nomeHyuasa HEMHOMXKO He xeamaem

0717 06pa308aHUA C8A3AHHO20 COCMOAHUA

BB*:
*B*- 0.8
BYB™: 117252

-1.1*3-% -1 0.06+0.02 MeV

: 0.03

MeV

HangeHHble napameTpbl MOTYT Bbl4UCNATbCA B mogenax KX uam Ha peweTkax =
MOCT MEXKY TEOPMEN U IKCNepUMEHTOM. M3yyeHne me3oH-Me30HHOro NoTeHunana.

[MnaHbI:

— no6aBuTb KaHanbl YT (HEPE3OHAHCHbIW BKAA4, = MHOFOMEPHbIN aHaNun3)
— YAIY4LWNTb TOYHOCTb B KaHanax BB*, B*B*
— y4yecTb 06MmeH nnoHamu (oxKnpaaetca, 4to addeKT man)
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BeKTopHble KBapKoHMenoaobHble
COCTOAHUS
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c J/yr*n], pb
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c [efe” > y(2S) ']

Y(4660)

c [efe” — hadrons]

B.]?S(ZOOZ),
Cleo ¢(2008)

_ o(e*e” — hadrons)
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4YapMOHMUSA

BaBar PRD86,051102R(2012)
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Heo*XMaaHHOCTU:

1. Y-coctoAaHMA pacnaaatoTca
TO/IbKO NO O4HOMY KaHany.
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B MNOJIHOM CEYEHUMN.

- R

uds
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o(e'e —-nJ/y) (pb)
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Born cross section (pb)
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BeKTopHble YapmoHMenoaobHble COCTOAHUA

Bce ceyeHun et e — charmonium + light hadrons
MMELOT pa3/InyHblie GopPMbl

Kaxpgoe coctoaHune Y nnum Y pacCnagaeTcAa TO/IbKO N0 OAHOMY KaHaNy:

Y(4260) = J/y n* -

AQpoyapMoHUin

l-IapMOHI/HZ B 061aKe nerkmx d1POHOB,
pacnagaeTcA Ha COCTaB/idl0LLNe

Y(4360) > y(2S) n* -
Y(4660) — y(2S) ntm~

y(4040) — J/y n, open charm
y(4160) — J/y n, open charm
y(4415) —> J/y n, open charm

@,

Dubynskiy, Voloshin, PLB666,344(2008)
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c°(h,(1P)x'T) (pb)

6°(h,(2P)x"1) (pb)
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BekTopHble 60TTOMOHMENOAO0OHbIE COCTOAHUA

~ open bottom (dominant),
Y(1S,2S,3S) nt =,
Y(1S,2S) n,
Y — Y(1D) n* 1,

Y(1D)n,

%o,(1P) @,
L h,(1P,2P) w* 1t~

“Y(5S,6S)” = | bb) + | B*IB(*))
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BOTTOMOHU

', 1, © transitions

“Y(5S,6S)’

Y(1D)
%p(1P)

Y(1S)

YapMmoHUM
n 7 transitions n transitions
Y (4660)
4415
Y (4360) pacacs)

YTO oT/INYaET YapMOHUI N BOTTOMOHUIN?

1. m.<my

2. Pa3sNNYHOE COOTHOLIEHUE MEXKAY NOPOramu U
3aTPaBOYHbIMUW YPOBHSAMM KBAPKOHUSA

[MoyemMy KapTMHa pacnajos Nosy4aeTcsa pasHom?
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YepeHKOBCKME AeTeKTopbl
Ha Belle-Il
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Cherenkov detectors

—| Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
(sphere, r=7000)

—

Forward
Focusing mirror

MCP-PMT

Backward .
EES Quartz radiator

Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)

Endcap PID: Aerogel RICH (ARICH)

A 4

5 5% 55 5% 5% 5

Aerogel radiator
n~1.05

Hamamatsu HAPD

o | | 2980 | n—n,'._ } s r. N Y N v \;_\.
J 80 YV VL | 2870 | T J NN 77 r?ﬂ‘:-"
N 940 | EEEEEN. S S 19 S el A
) AP .-I.'- - | | | | |I :;. .':.. s i : ".‘-._ o f:\ A "'& i . /"-:'- -"l"..‘_.. "“:. # /y//
b TT % ™1 T T =
h \ T'D\B e H,. A P S - Barrel P R e TR T P R o R e R o Rt 3 “_;.""
NS _ \ | o
L eylindes i \_TOF support bracket \_TOP CBB(Quartz bar box) > -
tndow coy _'*rén.' _ 277min. / 800max. 1 1580 60) 9%
. 20) I,'f 1000 1650 120)
, -
. / cbc .
280
= Boald - - -
. o / IDS{Inner detector support) and COC-SC{Support cylindsr)t ol =
=] ea[
E L
E w E
- |-
|3 i
[+
I
¥ Aerogel radiato
II." rogel radt :_, Hamamatsu HAPD + readout
2 S
& — - — | = 200
| . 1 e |
| ~ e
- S | - k‘q?ﬁ-'— - - - L L}
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D

D Aerogel RICH (endcap PID)

Belle IT

Test Beam setup
/74

eroge |

RICH with a novel
“focusing” radiator —
a two layer radiator

Employ multiple layers with
different refractive indices—>
Cherenkov images from
individual layers overlap on the
photon detector.

| RICH Hit Map, w.r.t. track | rich_2d_1

Entries 412449

Mean x -0.09929
Meany -0.4329
RMS x 43.24
RMS y

ﬁu. i \ i i*

Cherenkov angle distribution

W~ Tl o /PSS e | Entries 64801 |
Hamamatsu HAPDs coo o
6.6 0 /K at
5000 4GeV/c!
4000 | BG slope 1715+ 69.4 I

1
# of tracks : 2700
# Photons : 41339.7 +- 227.3
Photon/track: 15.31 +- 0.08
BG / track :2.00 +-0.03

01 02 03 04 05 06 07 08 09 1

3000

2000

1000

v

OO
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D>
Radiator with multiple refractive indices

OELLE

How to increase the number of photons without
degrading the resolution?

- stack two tiles with different refractive indices:

normal “focusing” configuration
n1= n2 n1< nZ
Iy

Ve
»‘ << >

- focusing

Such a configuration is only possible with aerogel (a form of Si,0,)
— material with a tunable refractive index between 1.01 and 1.13.




Q(B Focusing configuration — data

OELLE

Increases the number of photons without degrading the resolution

. . = X/ ndf 2467. 7 116 =
4cm aerogel single index b sios. | £ o4
P2 02965 |
P3 0.2072E-01
L L Ll P4 85.32 02
4000 k- PS5 796.0
0
L]
~J nf=7.69
2000 -0.2
\ nb=1.09
0 1 I I >
0 0.1 0.2 0.3 04 0.5 -04 -0.2 0 0.2 0.4
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
2+2cm aerogel S T ya B
PI 7289. | =
P2 03074 |~
ni [ nz ny<n, P3 0.1428E-01
o P4 74.49
P5 884.4
— 4000
Y
nf=7.46
: Ltlb:‘:gi—"}
0 1 1 LQI~N

9 N I M A548 (2 0 O 5) 3 8 3 0 0.1 0.2 0.3 04 6('{'.‘“1(;.5 -0.4 -0.2 0 0.2 ‘ tx(;;iad)ZG



D

<D

Cherenkov detectors

—| Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
(sphere, r=7000)

—

Forward
Focusing mirror

MCP-PMT

Backward .
EWAS Quartz radiator

Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)

Endcap PID: Aerogel RICH (ARICH)

A 4

5 5% 55 5% 5% 5

Aerogel radiator
n~1.05

Hamamatsu HAPD

o | | 2980 | n—n,'._ } s r. N Y N v \;_\.
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N 940 | EEEEEN. S S 19 S el A
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h \ T'D\B e H,. A P S - Barrel P R e TR T P R o R e R o Rt 3 “_;.""
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L eylindes i \_TOF support bracket \_TOP CBB(Quartz bar box) > -
tndow coy _'*rén.' _ 277min. / 800max. 1 1580 60) 9%
. 20) I,'f 1000 1650 120)
, -
. / cbc .
280
= Boald - - -
. o / IDS{Inner detector support) and COC-SC{Support cylindsr)t ol =
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E L
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|3 i
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I
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II." rogel radt :_, Hamamatsu HAPD + readout
2 S
& — - — | = 200
| . 1 e |
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DIRC (@BaBar) - detector of mternall

=

) < A Support tube (A1) -
’I Quartz Barbox =
Compensating coil
Assembly flange
Water
Standoff box
3176205 mm ar Catcher \
(G200 min.se) Bar Box \
Track [
Trajectory ] \
Wedge \
9 / \
| PMT Plane \ \
-1 Water \

Mirror \\\ /
ﬁdn/

4 x 1.225 m Bars
glued end-to-end

2 Sl - ~l
Ban%*\ b~ St o 8 (SOB)%
S and off Box
/ [ L P
, 91 mm-—- ~10mm
—35m - 117 m o



Belle II Barrel PID: Time of propagation (TOP) counter

ff Quartz bar

Ir:ll-t”'; I'(”n."l:J

R~
T

Array of

fast PMT's St

e

e Cherenkov ring imaging with Sl

e Uses internal reflection of Cherenkov ring images from quartz
like the BaBar DIRC.

e Reconstruct Cherenkov angle from two hit coordinates and 3t H,_,'_,Lgf'r-';_m
the time of propagation of the photon

— Quartz radiator (2cm thick) _

— Photon detector (MCP-PMT) T

e Excellent time resolution ~ 40 ps ‘ - TR R T
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Barrel PID: Time of propagation (TOP) counter

MCP-PMTs Quartz Mirror

Example of Cherenkov-photon paths for 2 GeV/c T1* and K*.
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TOP image

Number of photons

Lrop (MS)

st Pattern in the

B: coordinate-time space

of = (‘ring”) of a pion and
o kaon hitting a quartz
BR: ' bar

B Time distribution of

S Patterns for = and K Ime distribution o

005 | signals recorded by

o E ] one of the PMT

O F - channels: different for

0.003 |- 7t and K (~shifted in

0.002 E— H . | time)

0.001 f— IJ{ ,J |

U:.l..umllm [}]‘lm. I:JL .s,«f"u

4000 6000 8000 10000 12000 14[}11{} lf:{}[}(}
time (ps)



3aKkn4yeHune

3apsAXKeHHble cocToAaHNA Z,(10610) v Z,(10650) nmetoT MONEKyNAPHYtO
CTPYKTYpYy BB* 1 B*B*, aBnAatotca BupTyanbHbiMN.

BeKTOprIe COCTOAHUA:

6OTTOMOHMIN: MONEKYNAPHAA NPUMECh
Y y ?
YapPMOHMWWN: aAPOKBAPKOHNI ? NPUYNHA Pa3NNYNA:

AKTUBHbIe UccnegoBaHus B 3Tomn obnactu Beaytca Ha Belle, BESIII, LHC,
nnaHupytotca Ha Belle-1l, PANDA, Super-ct-pabpuke.

Ha Belle-ll 6byayT ncnonb3oBatbCA MNHHOBALMOHHbIE YEPEHKOBCKMNE AETEKTOPDI:
Time Of Propagation (TOP) counter u ¢pokrkycupytowmimn Aerogel RICH.
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Back-up
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Belle PRL91,262001(2003)

B 1189 ccbinok
= + 0p*0
X(3872) M =3871.69+0.17 MeV B6AMN3U nopora DD

['<1.2 MeV OM =-0.11+0.21 MeV

N3BecTHble pacnagbl:

Iy p° (= ) 1 } HapyLlleHne N30CNUHOBOW
Iy ® 0.8+0.3 CUMMETPUN
Jhyy 0.21 +£0.06
y(2S) y 0.50 £0.15
DOD*0 ~10

VIHTepI'I peTauna: cmecCb HapMOHUA U MOJ1EKY/1bl Takizawa, Takeuchi PTEP2013,0903D01

[ X) = 0.237 |ec) — 0.944 |D"D*?) — 0228 |DTD*™)

POXAEHUE MPU BbICOKUX IHEPTUAX: HapyweHne U30CcnmHa
B—> XK, pp—>X..

CBsi3aHHOE UM BUPTYaNbHOE COCTOsIHUE? = M3-3a Masiol LWWMPUHBI U3yYeHune

bOpPMbl NMHUM HEAOCTYNHO A9 COBPEMEHHbIX 3KCNEPUMEHTOB <« PANDA ?
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e*e” cevyeHune B6aM3M 10IMB

~ \
Enf
|
chil
2 Y(eS)
10F . *
ek XEs)
+3 s \\j [ ’,’ " Y(48)
L | H-;* b '*m-., roabee W,
i T(IS) T(ZS) Y(3S) 1 Y4S

944 9.46 1000 10.02

1034 1037 1054| 1058

Mass (GeV/ic) 2V (B )

ete- > Y(45) —» BB

L [
10.62

BaBar 433 fb + Belle 711 fb!

CUSB PRL54,377(1985)
' I v 1

10.8 1.0 1.2
W(GeV)

2M(By)

e*e” — bb (Y(5S)) » BB, BB*, B*B*, BB*x, B*B*x, B (*)B (*),

Belle 121 fb?!

AN

nepBoHa4asibHad MmMOTUBALUA
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Belle 2007: observation of ete" — Y (nS) n*n” processes @ Y'(5S)
with anomalously high cross sections

PRL100,112001(2008) I'(MeV)
assuming Y'ntm T(55) — Y(1S)nT7~ 0.59 £0.04 £ 0.09
originate from Y (55 ) Y(2S)rt7~ 0.8540.07+0.16
Y(5S) decays Y(55) — T(‘BS)W+W_ 0.52702Y £0.10 102
YT(2S) — Y(1S)7T7~ 0.0060
YT(3S) = Y(1S)n T 7~ 0.0009
Y(4S) — Y(1S)nta~ 0.0019

=> Perform energy scan of o[ Y(nS)n*n]
to search for Y, states

2007 : 6 points, 1fb~! each
2010 : 16 points, 1fb~* each
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Mechanism for OZI rule violation

Bottomonium: emission of two gluons, OZI suppressed

1’(% '/n
y Source size << gluon wave length
/

/ _ — QCD multipole expansion.
é g }n"S’

4
/
4
/s

b
s e
b Ef Ef

Molecule: rescattering of on-shell B mesons
Simonov JETP Lett 87,147(2008)

T Meng Chao PRD77,074003(2008)

B(*)
T

Y(59) < Enhanced if B*B*) are on-shell

B(* Y(15)
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Tr T vS. M transitions

EIM2 spin-flip of b quark, suppressed by 1/m,
R(n,m) = LLL(NS) = Y(mS) 7 ] R(2,1) = (1.64 +0.23) x 103
FIV0S) S YMS) T7] r31)<2.3x 10

R(4,1)=2.41+0.42, R(5,1)=0.16 £ 0.04, R(5,2) =0.48 £ 0.10 gzﬁzrptsl?n:ﬁ;i:yzooz(zooea)

Mechanism of Heavy Quark Spin Symmetry (HQSS) violation?
Voloshin, PRD85,034024(2012)

Assume Y(4S) has admixture of BB. Decompose w.f. into eigenstates of bb total spin:

JPe=1-- spin of bb pair
- 1 1 NG P g
BB 119+— bt + 1*12+—"L'01
3 2v/3 S~
l l \ angular mom. of light d.o.f.
Y(1S)m Y(1S)n Y(1S) nfm h,(1P)n observed
in D-wave ny(1S)o predicted

Molecular admixture in Y(4S,5S,6S) explains enhanced decay rates and HQSS violation.
Composition of admixture remains unknown.

Belle: further studies of transitions,

decompose Ry into exclusive channels: BB, BB*, B*B*, BB*r, B*B*r, B.B,, B.B.*,
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Violation of HQSS in Y (4S,5S,6S) decays

- ] =
BB 2\l/§ U0 + % i + 2\\% b1 + é o Voloshin, PRD85,034024(2012)
B*B — B*B 1 . v
V2 : /3 W10 + 5 b1 — Ve 1 -
(B'B")s=0 - — l@m — l U1 — Vo 12 + V3 L,*ol/
: 23 | 2 Tlightd.of

) J5 J5 |
B*B* ~ : - r N — - r : — r ‘
( ) 5=2 3 W10 3 W1 + 6 W12

Admixture of mesons near threshold = mechanism for HQSS violation

Y (4S) : (BB) V11 = Y(1S)n, yo1 = h(1P)n;
prediction: D-wave in Y(1S) n*n; 1, (1S)®

Y(5S) : (Bs*Bs*) Bs*Bs* dominates over Bs*Bs, BsBs ;
prediction: D-wave in Y(1S) K*K™; n,(1S)e, h,/Yn"

Y(6S): (B**B)  different from 4S,5S decay pattern can be expected

Hadronic transitions are sensitive to the structure of Y states.
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Total cc cross-section
IS decomposed into
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Belle II Detector (compared to Belle) Gy

(D

T,’

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs

CDC: small cell, long lever arm
ACC+TOF = TOP+A-RICH

ECL: waveform sampling (+pure Csl for endcaps)
KLM: RPC = Scintillator +tMPPC (endcaps, barrel inner 2 lyrs) [= T ¢ 1

ST ] 1]
i, S F T 77T

bbb b b 4 L [ ] ]| "';"
Y

hegters are prelim
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