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Outline

» Study of B — J/yKTK~K2 and ofBT — J/Yy K™K~ K=
and search fOBO —> J/¢¢ Paper in preparation -
search for exotic stateX(4140) andX(4270) in Dalitz plot ofJ /¢ ¢ K

X states are candidates for non-conventional mesons: e.g. tetraquark,
glue balls or hybrids.

» Bottomonium spectroscopy and radiative transitions
involving thexss (1P, 2P)  states [Paper in preparation | |NEWl
measurements of radiative product BRs and fine splittings of the states

verification of phenomenological model predictions for the spectrum
and perturbative and non-perturbative QCD calculations
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Controversial discovery of X exotic states

‘“<§1° 6.0 bt » CDF observed two narrow peaks in the/ /¢

® gl i 1101.6058 invariant mass distributionoB © ! J/I"K T

o decays

8- [mx M40 — 4143123'8 + 0.6 MeV/c2 > 5o eVidence\
" |

§ Ux,.0 = 15.37:%% £2.5 MeV 2011
S MX4ro = 42744182+ 1.9 MeV/c? > 3.10 evidence

©

o kr Xaore = 32.37%3 £ 7.6 MeV )

= [
» Evidence not confirmed by LHCb experiment é oL
studying the samB decay in 2012 using 0.37%b £ ,[
of data. PRD 85, 091103 (RC) 2012 ST
» Upper limits at 90% C.L. 3 |
(" BB* - X(4140)K+) x BX(4140) T/ ) . A Gl & 1
B(B* — Jjb 6K ") = 8 Jf
B(B* — X(42T4)K*) x B(X(4274) = Jhb@) _ o o 8 of ML
B(B+ — J/¢ ¢K+) = 181-)0' 1100 12I00 1300 1400
\ j M(J/yo)-M(J/vy) [MeV]
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Confirmations of existence of

CMS, \F 7TeV, L ssz‘ .
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» D! Collaboration confirms the

X(4140) state, the other resonance is

not statistically significant (1!7)

2013 X(4310).

( MY 4100 = 4148 2.4+ 6.3 MeV/c? > bo evidence\
+ 19 MeV

My, = 4159.0 & 4.3 + 6.6 MeV/c?

|
* X 4140

=199+ 126

N(B*) / 30 MeV

s MeV 3.1o evidence

PRD 89, 012004 (2014)
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» Confirmed two peaking structures.

Possible contribution of reflections in
Phys. Lett. B 734, 261 (2012)

X(4140)

o +15
FX4140 — 28! 11

Mx .00 =4313.8% 5.3+ 7.3+ MeV/c?

. +30
FX4310 = 38 —15 *

16 MeV
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— Full Fit
- X(4140)
.- X(4330)
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Study of B* - J/ywK*K-a&d

» Select a pure sample of Bnd B decays withd/! | pty' ,ete

—_
[\
S
T T

70 e e ]

2 2 0  New
S 10F oy + e ot S FE RO + K~ K2 E
§so:_B — J/IYKTK™K § 50;_3 — J/IYKT K™ Kg E
g, fodar g Babar | 4241
% b preliminary 2 g preliminary E
401 - .
2 + ' 10} R :
O T e e s e s e Q25252 525 324 525 526 527 528 529
mgg (GeV/c?) mygg (GeV/c?)
Mes= energy substituted massnes = /((s/2 +5i - )/ Ei)? — P
B channel B (X10_5) | = average efficiency
calculated with € over phase space
B*Y = JWKYK-K* 5.86+0.44 (stat)40.24 (sys)
B;r — J/Ypp KT 4.2140.31 (stat)=+0.13 (sys)
B = J/UKTK"Kg  3.0740.59 (stat)£0.13 (sys)
B 1 VK 5 2.00+0.34 (stat)+0.05 (sys)
B™! Jn < 0.101
Non-resonant component measured for the first timé
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“Select events in the

» The" resonance is the dominant contribution KiK- spectrum

x5 70_(')"1' L L A B L L
< ra
E 60F =
A 502— + BaBar =
2 4o preliminary
0] C
2ot —-
20; ‘H
o " th E
E. oo ‘é%% M;iﬁéﬁ;ﬂ; $ ]
(9.98 1.02 1.04 1.06 1.08 1.1
my. - (GeV/c?)
q, TOp T
3 w0
S Wi B OJMK
g 40;_BaBar
A %F orelimi
- preliminary
20—
tol H + n TP

Py

region

Events / 2 MeV/c?

Events / 2 MeV/c?

20

15:(b) E
165 =
142— BaBar —i
12F preliminary
10 =
8E .
Lk
ot iy g
98 1 1.02 1.04 1.06 1.08 1.1
my .. (GeV/c?)
20— T T B UL LRI R
18E(d)
162_ 0 " 0
14F- B! JN"K ¢
z: BaBar

LI B L B S B S E L LA A s p

T T T

~ preliminary

TRLEUEEY

]

IIlllllIlllllllllllllllIllllllllll

illl lll | llITI'I |Jn ! .l.lll.l.l. |l| 11 lllIIll IIlll | |LL L

||||||||

2 521 522 523 524 525 526 527 528 E

Nicola Neri - Recent results on conventional and exotic quarkati8aBar

29 July 204



=
INFN

Search for X exotic resonances

BX 1 J/I"K * BO1 JiK 2 Bt + BY
q, 25 _(' ') """""""""""""""""""" ] o, 10 :_'(]'3)' """""""""""""""""""" = 8, 25 _( ') """"""""""""""""""""" ]
S S of 1 2 K
E e BaBar R E o BaBar 3 E ok BaBar E
S 55 threliminary 1 8 Z— preliminary + g 55 *preliminary;
I C = s = = C ]
o L (] F = o L 4
Q10 - n o 4E = @ 10 —_
A 4_ 3E E :
sk 3T 2 = 5F
Cf %y ] 1 r
e [ il (W (e | (5 [ 8% o 0 T Ll 0 . ! o " ], SO W M| (s h
Q.l 42 43 44 45 4.6 4.7 48 g.l 42 43 44 45 4.6 4.7 4.8 g.l 42 4.3 44 45 4.6 4.7 48
My (GeV/c?) my, (GeV/c?) my,, (GeVic?)

» Fit to the Dalitz plotuniform distribution (i.e. phase spacejwo incoherent Breit-
Wigner functionswith parameters fixed to CDF values. Efficiency variations over the
Dalitz plot are accounted in the unbinned maximum likelihood fit.

Using Feldman-Cousins method set upper limit (UL) at 90% Cphys.Rev. D57 (1998) 3873-3889

B(BT — X(4140)K ") x B(X (4140) — J/ib ¢)/ B(Bt — X(4270)K ) x B(X (4270) — Jhb ¢)/
B(B" — Jip¢K™) < 0.135 B(BT — Jhp¢KT) < 0.184.
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~Search for B® — J/

» Decay can result only frondd! ec#d  transition with
rescattering ofd! s -

N, 105""I""|""| """""" AN RN AR > 10:""|"'-|-"'|'--' T
% 9% ) BaBar E § 9;‘(b) BaBar E
> 8 preliminary 4 w8 preliminary E
N X 2 F E
g o = 3
84 4— 9 Hl > e —; 4;— —:
3E = 3
zg l l N { ...... —E 2_; ‘ 'M%M"“‘IT»
1 ' 1p%t ) :
T TR T AR
QS S S s s S s $2 7045 01 0050 005 01 0.5 02
mgg (GeV/c?) AE (GeV)

Using Feldman-Cousins method set UL at 90% C.L.

B(B° — J/v¢) < 1.01 x 107°
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Bottomonium spectrosopy

» Bottomoniumis a stronglybE bound state

» Rich laboratoryfor verification of
perturbative and non-perturbativeCD
calculations

» Radiative transitiommplitudes between long-
lived bottomonium states described in
potential modelselectric (E1) and magnetic
(M1) leading-order terms

» Measurement of partial width of E1

transitionsdirectly probe potential model
calculations and inform relativistic corrections

off & &
Y/, 7
4 L)) & N
Fi_nv:§ega07;f(2<]f—|—1)E§|(nfo\r\niLi>@ Y/ o
b quark charge =1/9 Photon |pgtential model 04600

€Nergy  matrix element

9 Nicola Neri - Recent results on conventional and exotic quarkati&aBar 29 July 204




)
INFN

Measured transitions

» Measurement of radiative product branching ra
and fine splittings* in E1 transitiomvolving! g3 (1P)
and ! gy (2P) spin triplets usin®(3S) [28th
andY (2S5) [14 fb'] data

» Phenomenological model predictidRD 84, 094501 (2011)

» Use 2 events samplescalorimeter photons,and  Y(29)
L 10.023

photon + 1converted photon in & pair \ //
» Transitions: ’%“PN %
35! 2P 2S5 3S! 2P 1S
1 T(3S) = vxps(2P), xp0(2P) — Y (1S, 2S)
T(15,28)! utp~ VTS 2
l 2S — 1P — 1S @f éf Sf
12 S) 11" b (AP), " b (IP) ! 111 S) ) & 4
i@ s)! pt
3S! 1P ! 1S
(3 S)! I" p3(IP),"py(IP)! 111 S) Y(1S)
____________ | _@____S__?__!_____E‘_T_Ei_______________________________________________f‘_spl_it_t_i_ng_s__du@__t_Q-spi_n_-_Qrb_i_t__an_c_l__t_e_r_l_s_qr__in__t_@m_c__t_i_qn_s
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Two photons analysis:

» Decay chain
Y (mS) = Ysott Xbs (nP)

! bJ (kP) L hard !( kS)

method

1200

1000

800

-~ ]
£ ]

HuA(1P) |

Hpi(1P)

T(kS) — /L+,LL 600:_ ﬁfe?iclll:inary -
» Fit" sort Spectrum” harg cANNOt be . .
resolved in calorimeter ~F E
o | % a0 #Ho(1P) E
» Use cluster timing informatioof B i
the calorimeter to reject beam S " — it
backgroundMass constraints o’ 3 »E Zoomed view3
to improve resolution s ]
» Determine XbJ signals from 3

unbinned ML fit to the photon ®
spectrumdouble sided Crystal Ball

function (Sig), exponential+ linear S S
function (Bkg) e Ry
0.04 0.06 008 010 0.12 0.14 0.16 0.18 020 022 024
E . (GeV)
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Two photon analysis: fit results
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Converted photon analysis: method

» Same decay chains S SE—

50— B

Y (mS) = Ysots Xps (nP) - BaBar Hpi(1P) .

'oa(KP) T "hara '( KS) > | preliminary E

@) B -

Y(kS) — pp” 8 25 — 1P — 1S] £

» Confirmation of two photon = of H oo 1P) E

results and new measuremeot E N3 E

351 1P ! 1S PR S T
» Fit the" nharaSpectrum reconstructed B 0.40 OizG v 0.4 0.46

from the converted hard photomn - Tiross

ete. Signal efficiency 0.1% (0.8%) at  *
Ex~200MeV (800 MeV)

» Large improvement in energy
resolutionfrom 15 MeV to 2.5 MeV

—_
AN

preliminary

35! 1P ! 1S

—_
N

—
(=

TTTTTTTITTT TTITITIT T TIT T ITT I T T T T[T TT]T
L R L L L L L LR R

Events / (0.005 GeV)
o0 ¥

II|III|III|III|III|III|III|III|III|III|I

wrt two photon analysis 6
4
» Necessary to reconstruct the 2 l | ]
transition 3S! 1P I 1S with 0= =536 038 T RV R ¥ VR ) 16 0.50

similar photon spectra'Bard-E' soft By (GEV)
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Events / (0.0015 GeV)

A

Converted photon analysis: fit results

» Improved energy resolution allows separation of thg2P) peaks in
the 3S! 2P ! 2S transition

18 T I A A AL s 60 =
16 4 < .
14 BaBar #bl(zp) E E 50 =
12E preliminary = N =
10[- 38 t -
o Hoo(2P) ER-E E
= = § 20 =
4F l = .

= I 10 ]
2__ N : __ ------------
o et Bt e A R s e A T N e n - T T H AP TPIT L, e —
0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.70 0.72 0.74 0.76 0.78 0.80 0.82
EYZP—»ZS (GGV) EYZP—»IS (GGV)
» Clear evidence of J=2 and J=1 signals are seen
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Results for

2S — 1P — I|nsitions

» 9.0 evidence fo (2SH" #bo(1P)#oo(1PB"# (1S)

Measured Quantity BABAR Measurement (1072) (0)
EMC Conv./EMC Combined
B(25 ~1P(0)) |, B 4.42 £1.04 6.8 +4.1 46+1.0 4.5
B(2S — 1P(1)) O 7.20 + 0.65 8.16 + 0.97 7.50 & 0.54 14
B(2S — 1P(2)) preliminary |6 g5 + 0.58 7.7+ 1.0 7.06 £ 0.51 14
B(1P(0) — 15) 2.02 + 0.32 3.1+1.8 2.06 + 0.32 6.5
B(1P(1) — 15) 35.4 +2.8 40.1+4.5 36.7 + 2.4 15
B(1P(2) — 15) 18.24+ 1.3 20.5 + 2.5 18.7+1.1 16
B(2S — 1P(0))/B(2S — 1P(1))  64.1+15.5 84 + 50 66 & 15 4.4
B(2S — 1P(2))/B(25 — 1P(1))  99.3+10.2 94+ 15 97.8 +8.5 12
B(1P(0) — 15)/B(1P(1) — 1S)  5.96 +0.98 78+45 6.04 + 0.96 6.3
B(1P(2) — 15)/B(1P(1) —» 18)  53.7+4.4 51.1+7.6 53.0 & 3.8 14
B(2S — 1P(0)) - B(LP(0) — 1S)  0.0767+0.0092  0.118 + 0.066  0.0775+0.0091 8.5
B(2S — 1P(1)) - BAP(1) — 1S)  2.44+0.14 2.77 4+ 0.26 2.51+0.12 21
B(2S — 1P(2)) - B(1P(2) —» 18)  1.30 £0.07 1.46 £0.17 1.32 + 0.061 22
F1(28 - 1P — 15) 3.28 + 0.37 43+24 3.30 £0.37 9.0
FY1(28 —» 1P — 185) 55.6 1.6 52.9+7.9 55.5 + 1.6 35

product BR for cascades involvi#@)mormalised toH b1 channel

ZI/

B(mS — P(J)B(P(J) — nS)

mS—P())=nS ~ B(mS — P(1)B(P(1) — nS)

15 Nicola Neri - Recent results on conventional and exotic quarkati8aBar
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Results for 3s!

» 6.0 evidence for#(3SH" #uo(2P)#bo(2PB"'# (2S)

2P !

Fgansitions

Measured Quantity BABAR Measurement (10_2) (o)
EMC Conv./EMC Combined
B(3S = 2P(0) |, Bar 45+1.7 20 + 17 4.6+1.7 2.7
B(3S — 2P(1)) o 14.7 + 2.6 14.1+4.4 14.5 + 2.2 6.6
B(3S — 2P(2)) preliminary |,y 54 9 17.4+5.6 12.0 +2.0 6.0
B(2P(0) — 25) 1.29 £ 0.30 5.8 +4.7 1.31 4 0.30 4.4
B(2P(1) — 25) 21.2 +2.8 20.3 +5.8 21.1+2.5 8.5
B(2P(2) — 25) 82+ 1.8 12.7+4.0 9.0+ 1.7 5.4
B(3S — 2P(0))/B(3S — 2P(1)) 35+ 14 143 + 130 37+14 2.6
B(3S — 2P(2))/B(3S — 2P(1))  89+19 124 + 46 94 +18 5.3
B(2P(0) — 25)/B(2P(1) —2S)  7.1+15 29 + 24 72415 4.6
B(2P(2) — 25)/B(2P(1) = 2S)  45.1+7.2 63 + 22 46.9 + 6.9 6.8
B(3S — 2P(0)) - B(2P(0) — 2S)  0.076+0.016  0.34 +£0.27  0.077+0.016 4.9
B(3S — 2P(1)) - B(2P(1) — 25)  2.68 +0.24 2.56 +0.69  2.66+0.22 12
B(3S — 2P(2)) - B(2P(2) — 2S)  1.08 +0.14 1.67+0.48 1.12+0.13 8.6
FO1(38 — 2P — 28) 8.81 £0.56  13+11 3.33 +0.56 6.0
F21(38 — 2P — 28) 46.9 4+ 2.0 65 + 26 47.0 + 2.0 24

¥
&
7
7
~
\\ 4/ \\
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Results for 3s! 2P ! fnsitions

Measured Quantity BABAR Measurement (10~2) (o)
EMC Conv./EMC Combined
B(3S —2P(0) |B,Bar 2.0+ 1.7 6.5+ 8.5 2.2+ 1.6 1.3
B(3S — 2P(1)) .. 13.7+ 1.7 14.8 +2.1 14.1+1.4 10.5
B(3S — 2P(2)) preliminary | 15, ; 11.7 4+ 2.2 119414 8.7
B(2P(0) — 15) 0.35 +0.17 1.1+1.3 0.37+0.17 2.2
B(2P(1) — 15) 10.54 1.2 11.3+ 1.5 10.78 £0.94  11.4
B(2P(2) — 15) 6.16 + 0.88 6.0+1.1 6.10 & 0.69 8.9
B(3S — 2P(0))/B(3S — 2P(1))  16+13 44 + 57 17 + 13 1.3
B(3S — 2P(2))/B(3S — 2P(1)) 95+ 17 79 + 18 88 4 12 7.2
B(2P(0) — 15)/B(2P(1) - 18)  3.7+1.8 10+ 11 3.8+ 1.8 2.2
B(2P(2) — 15)/B(2P(1) - 18) 64+ 10 53 4+ 11 59.2 4+ 7.7 7.7
B(3S — 2P(0)) - B(2P(0) — 1S)  0.0207 £0.0097  0.067 + 0.075  0.021+£0.010 2.2
B(3S — 2P(1)) - B(2P(1) - 1S)  1.320 £ 0.085 1.42+0.14 1.348 £0.072 19
B(3S — 2P(2)) - B(2P(2) — 1S)  0.807 £ 0.057 0.79 + 0.11 0.803+0.050 16
F1(38 - 2P — 15) 1.71 +0.80 4.7+5.3 1.78 +0.79 2.2
F1(38 — 2P — 18) 66.6 + 3.0 55.4 4+ 9.3 65.5 & 2.9 23

Y(15)
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Conclusions

» We performed a study of theB” — J/y K™K~ K¢

and B:I: — J/’QDK—FK_K:': decays Paper in preparation

obtained new branching fraction measurements

significance below! 2for both X(4140) andX(4270)exotic
resonances in thd/!" mass spectrum.

search for the suppressed dec#” — .J/v¢ and derive an UL
for the branching fraction

» Comprehensive study of electric dipole transitions

|(1 S, 2S, 38) and! bJ (1P, 2P) Paper in preparation

Used two unique and complementary techniques: a) 2 calorimeter
photons b) 1 calorimeter photon + 1 converted photon ifes

achieved best observation significafme ! ,c(2P)! "!(2 S) and
for 1 @P)! "1(1 S)
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