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Bottomonia above threshold

R. Mizuk, MIAAP B2TiP meeting

i 1 T LI 1 L L T 1 | LI S AL F  —
0.10F ; ]
: Ono, Sanda, Tornqvist PRD34,186(1986) _ Open flavor channels:
ona: Unitarised QM ) oscillations << nodes of Y(5S,6S) w.f.
X — O =g -4
- B, B, ] almost saturate total
3 / ‘ 1 bb
? 005: Bn Eﬁo ﬁ ]
o U T -
« | R | |
g .ll B g;o ji pi.| ; 1 Hidden flavor channels:
- s | ) B _ _
004t ln‘ AT :"\’ﬁ | Y(nS) n*7, hy(nP) w7, Y(nS) m, ...
: | ] \ . a few % of total o,
0.02:‘ l‘i A}
i |
G.GDF R S | L ; P s 1
1060 10.80 1100 11.20
Energy{GeV)

Exclusive cross sections : complete information about Y(4S), Y(5S), Y(6S) states
Coupled channel analysis: pole positions, I',._, couplings to various channels.

Hidden flavor cross sections : search for new states
compact tetraquarks and hadrobottomonia : decays to open flavor are suppressed

Belle: 1fb! per point, Belle-Il — 10fbl. Energy smearing c =5 MeV = step 10 MeV.
Belle: E__, =11.02GeV, Belle-ll:E__ =11.24 GeV.



Exotica

Voloshin PRD84, 031502 (2011) Need input from Belle-II
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To search for exotica in hadronic transition we need data at Ecm ~ 11.5 GeV



Hadronic transitions

Hadronic transitions are challenging all the theoretical models

Transition TPartial width (keV)

T(25) —
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The transitions carry information about
— intermediate exotic states
— structure of the decaying resonance

Almost no information on transitions form Y(6S)

e y(ro)




Why an early Y(6S) run

Phase-l (on-going): Beast detector to measure backgrounds
Phase-Il (late 2017 — early 2018): no vertex detector, 20 + 20 fb.
Phase-Ill (late 2018): with full Belle-Il detector.

Experiment Scans T(6S) T(55) T (4S5) T(35) Y(2S) T(1S)
Off. Res. | tb=t |[fb=1 10 | b=t 10° | th=1 10 | b=1 10° | th=1 106

CLEO 17.1 - 0.1 04 16  17.1 | 1.2 5 1.2 10 1.2 21

BaBar 4 Rj scan 433 471 30 122 14 99

Belle 100 3 36 121 | 711 772 3 12 25 158 6 102

- Even 20 fb-1 are a sizable improvement

- All our knowledge comes from low statistics energy scans Analysis topics:
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Dipion cross section nearby Y(6S)
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Dipion analyses

Y(6S) Single-pion recoils
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Analyses:

1) Inclusive Di-Pion recoil (search for all possible transitions).
2) Exclusive Y(6S) — nw Y(NS) - aw uu

Goals:
- Separate Zb and Z'b contributions
- Measure the relative phase
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n/w recoil

Analyses: Goals:

1) Inclusive recoil. 1) n/zw ratio at Y(6S)

2) Exclusive Y(6S) —» 11 Y(nS) with di-muon tag 2) Y(1D), Y(2D) ?
N/t ratios The Y(5S)-Y(1D) anomaly:
r[Y(58)>nh,(1 )] — Transitions to h_and Y(15,25,35) have
L[Y(5S)»nnh, (1P - 4 [[nrt] > T'[n]

— Transitions to Y(1D) have

L[Y(55)>nh,(2 )] ] < T[n]
(Y (5S)>nnh, (2P )
n/n ratios nirt/m ratios
F[Y(55)*nY(1D)] . Tr[¥(55)nx¥(1D)
F[Y(SS)-M]hb(lP)fogz r[Y(5S)>nmh,(1P)] ~0
L[Y(5S)*nY(1D)] . I[Y(58)an¥(1D)]
r[Y(5S)>nh,(2P)] 078 I[Y(5S)>anh,(2P)] ~0-3
F[Y(58)»nY(1D)]_. .. r[Y(5S)»nxY(1D)]
FY(5s)any(2s)] 07 : : F[Y(58)snny(28)] >




n/w recoil

Analyses: Goals:

1) Inclusive recoil. 1) n/zw ratio at Y(6S)
2) Exclusive Y(6S) —» 11 Y(nS) with di-muon tag 2) Y(1D) ?

3) Exclusive Y(6S) —» wyY(1S) with di-muon tag 3) X

b

X(3872) is closer to D°D” than to D*D”
sizable isospin violation X(3872) » nx JAy

Xbﬂpen Beauty D+D'* Guo et al 2014
(arXiv:1402.6236)
f e 8.18 MeV
— X(3872) BB
Y(1D) 0 0.11 MeV Xb 00.32 MeV

D°D” B°B”

Xb > o Y(1S) Isospin preserving

Xb > nm Y(1S) Isospin violating

9.2 ot o0.1,2% 1~ 1,2,3" Belle searched for Xb from Y(5S), but the production
rate depends on the nature of the decaying resonance

oy
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Radiative transitions

Analyses: Goals:
1) Inclusive y spectrum. 1) Exotica
2) Semi-inclusive y + p recaoil
Voloshin PRD84, 031502 (2011) Need input from Belle-II
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New states discovery

Conventional bottomonia states in hadronic transitions from the Y(6S)

Search for missing conventional bottomonia below BB threshold

Name L S Jre Mass, MeV/¢? Emitted hadrons [Threshold, GeV/¢?
m(3S) 0 0 0~ ™+ 10336 w [11.12], ¢ [11.36]

hp(3P) 1 0 17~ 10541 7™ [10.82])  [11.09]. 7' [11.50]
ma(1D) 2 0 27T 10148 w [10.93]f ¢ [11.17]

m2(2D) 2 0 2—T 10450 [11 23], ¢ [11.47]

r;2D) 2 1 (1.2,3)7~ 10441 — 10455 ~ [10.73], n [11.00]f " [11.41]
hpg(1F) 3 0 37~ 10355 T~ [10.63], n [10.90]} 7' [11.31]
es(1F) 3 1 (2,3.4)7F 10350 — 10358 w [11.14], ¢ [11.38]

ma(1G) 4 0 47" 10530 [ 1.31], ¢ [11.55]

;1G] 4 1 (3,4,5) 10529 — 10532 ~ [10.81], n [11.08]f n" [11.49]
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Dipion performances

| Y(6S) > nZ,
e E— 6000 Z,—> wh,(1P)
- \-_ - — j:::._ ) i
N T w VAN,
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08 Phase 3 1000 _J,’; "
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- pr(T)
it PRELIMINARY Without SVD:
[ — No tracking below p,=0.1 GeV
7005 017015 02 025 03 035 b t88ud® — Slight decrease of efficiency for p. < 0.1 GeV
e T R B T ;é{;;;é}j — No significant impact on dipion analyses

» Z,(10650): n*n~h, (1P)
B Double Gaussian fit to mm(r) with 9.86<mm(nm)<9.89 GeV
B Phase 2: 15071 events, m=10651.7 MeV, I'=7.6 MeV
B Phase 3: 18963 events, m=10652.2 MeV, '=8.2 MeV
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Bottomonium WG status

Conveners:

UT (Torino) and Bryan Fulsom (PNNL)

Mailing List:
physics-bottomonium@belle2.org

Topic

Skims for bottomonium physics

Validation of Y(3S) MC5 Monte Carlo
(Phase Ill conditions)

Sensitivity studies for B2TiP

Validation/development of software tools for
bottomonium physics

Preparation of Y(6S) MC7 Monte Carlo
(Phasell conditions)

Triggers for Y(1S) — invisible

Confluence:;

https://confluence.desy.de/display/Bl/Physics+Bottomonium

Meetings:
Every last friday of the month, 8am — 2pm JST

Who's working on
this?

Stefano Spataro,
Roberto Mussa

?7??

Elisa Guido ,

@Umberto Tamponi

77?7

Caitlin MacQueen

Bryan Fulsom

Gianluca Inguglia
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Backup




Dipion performances

- MC samples produced in MC7 campaign

- Validation ongoing

» Z (10650): mn-

h,(1P)

B Double Gaussian fit to mm(m) with 9.86<mm(nm)<9.89 GeV

B Phase 2: 15071 events, m=10651.7 MeV, '=7.6 MeV
B Phase 3: 18963 events, m=10652.2 MeV, '=8.2 MeV
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Hadronic transitions: Y(4,5S)

9.6 Spin flipping-enhanced
Y{T transition

PRD 78, 112002

9.4

b quark Spin-flip prediction Experiment
spin flip \ F[Y(nS)—)T]Y(mS)] F[Y<55>_>7”5hb(zp)]_ +0.22
<1 —0.77+0.08_,7,
r[Y (nS)>naY (ms)] LY (5S)rnnY(25)] SRL108
122001
0 b auark [Y (nS)=nmh,(mP)] L[Y(58)2>nmh,(1P)]]
g <1 —0.46+0.08_,,
spin flip ['[Y (nS)>nnY(mS)] [[Y(55)>anY(2S)]
51 1.2 : No suppression
E-I.ID:_Y{ES}
21080 7 7 LIY(5S)2nY(1S)If 1| Belle
g opbn meuty P[Y(5S)»nnY(1S)] preliminary
e =/ N\ L[Y(58)nY(2S)]|_ 0
04 & A LY(58)»aa¥Y(2S)] | no suppression
1021 —
B Y {(1D)
10.0—
9.8 LIY(45)3nY(S)] |5 411 0.40+0.20
B L[Y(4S)»anY(1S)]
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Exotics in Y(5S) decays

Bottomonium equivalent of X(3872)

10%
8%
6%

CMS: inclusive search for PLB 727 (2013) 57
Xb =2 arm Y(1S) in pp collisions

Upper limit on R

4%
Belle: exclusive Y(5S) decay
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[ ]+ 1o Expected
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X(3872) is closer to D°D® than to D*D”
sizable isospin violation X(3872) = nw JAp

Guo et al 2014
(arXiv:1402.6236)
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Zb in Y(nS) final states

PRL108,122001

Y(nS) - urw

- Clean final state
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Missing hadronic transitions
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