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A) jULICH

FORSCHUNGEIENTRUM

Recent results will be introduced.
Selected topics of this talk:

s Analysis of the rare decay B*° — Jhy KKK*°
arXiV: 1407.7244 [hep-ex]

Submitted to PRD (2014)

s Analysis of B —» J/yo

s Analysis of n_—- KKnandn_ — KK ©° via 2-photon interactions

PRD 89, 112004 (2014)
= Radiative transitions involving x,_ (1P, 2P)  BeIEGRRE ey
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Introduction A) 0LICH

FORSCHUNGEIENTRUM

s EXxciting time to study exotic states using the full BABAR dataset.

] hn ~ CERN Yellow Report
s How many charmonium(-like) states can we count” o farivorg/abihep-phi0412158

So many!

unexpected but found, expected and not found, controversial claims...

s 2014: 50™ anniversary of CP violation discovery. Much progress thanks
to the B-factories!

s 2014: 11 years after the observation of the unexpected X(3872). C
. xg ;*

QUESTION: What have we understood?

s The systems of J/ynr, Jhynnn’ prove to be rich sources of information:
still under study.

s \What about J/wKK (strangeness in charmonium)? Recently (partially) covered
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A) JULICH
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Strangeness in Charmonium

b — CSS

(suppressed B decays)
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The BABAR experiment A) j0LICH

FORSCHUNGEIENTRUM

1.5T solenoid
DIRC (PID) EMC

144 quartz bars S Caly Y copils s Located at SLAC (California)
il s Runs: from 1999 to 2008
s e+e- asymmetric collider

—0.9 < cosfA™ < 0.85

operating at the c.m. energy of
Y(4S), then Y(2S) and Y(3S).

As of 2008/04/11 D0:00

e (8'9 GEV) Sihicon Vertex Tracker — Delivered /
5 layers, double sided strips o : 1
i irented Flis Rt 500 ?{ij{osr]d.ed. 513.?;&8 {1 el TS —————

iron / RPCs / LSTs (muon / neutral hadrons)

400
e * e’
300
Optimized for studies of CP violation
High luminosity achieved = rare decay studies

a
a
s High production rate of cc = charmonium studies
s Run at Y(2S) and Y(3S) = bottomonium studies 100

— T(3S): 28 fb!

— Off Peak & scans: 48 fb !

Integrated Luminosity [fb™]
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Analysis B — J/wKK(K): motivation #) JULICH

FORSCHUNGEIENTRUM

B — J/y K K K: rare B decay, Cabibbo suppressed, predicted BF ~10~

K"K~ contribution expected to be dominated from ¢ [BF(¢ — K'K") ~49.5%]

B — J/iy ¢ K: three body decay, gluon rich process = ideal place to look for exotics
It could proceed also via quasi-2-body decay, B -Y_ (ccss)K, Y, ~JIyo

Ifany Y _exists, expected mass < 4.3 GeV/c? (threshold DD")

B° — J/hyo: transition bd — ccss rescattering process = no signal expected

b > L C = b —= = - c
o -y fi 0 s Iy
o 8 L -
": = e C
? ¢ b - Q:L—'fi - c

| 3 we ¢y s

i . : g ¢
q 3 T g - q § — s

B —J/y¢K via strange sea quark B —J/y¢oK via gluon coupling B® —»J/hyo: rescattering diagram
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Analysis B — J/yKK(K): “old” measurement !) JULICH

FORSCHUNGEIENTRLUM

s Old BaBar publication: PRL 91 (2003) 071801, 51 fb™
s Today: 424 fb*, 470M BB: expected much higher precision in BF measurements, and

possibility to look at the invariant mass distributions
_;‘\D | D
2

. 2Dfit 2D fit
5&2 i“:’:. s .: :: ._' ! E 12 :_ BaBar _: E&Z E—:: '.: . 2. * . AR ﬁ) :3 :_. / _: BaBar -
Qarfry Wy Tieed I TTI NN ~ S W ER: ~ oI ]
) 0fs N — ol N ] ) J(; L\ B e 0 ' D—_
01 B A R ¢\ 28 L ] . ] 1 -
0z *' * 10T | o k_ ‘-/P .' . 1 25 ] 02 IR
03 \ \: — v 03 por———T— P 0 1 X
% 10 F - C ] EE‘_ ! _ BaRa E Z H E > Babiak E ;
E 8t 3 ——’ Eij 3 D 15 h ] 5‘75 7]
~ E | 4+ - =N E 3 n - ]
M : ] i Sos josh :
g 2| 1 &sH] 1 825 E
dl: i H_"j“ 05 E : LEO _j ) T
075 505 50m 53 Uz 0 iz 0 5275 525 5275 53 © w0z 0 0z 52 53 03 0 0.3
M, (GeV/E) AE (GeV) My (GeV/E) AE (Ge}) My (GeV/C) AE (GeV)
Experiment Channel BR. (107") |PDG12 average (107°) 0 % 16
BaBar 14114205 B"— J/yo UL<9.2* 10
B* = JfyoK* 5.2+ 1.7
EER 8873,+13 < No update until 2014!
BaBar 102+ 38410 _
B — J/i6K® 04196 < BaBar measurements dominate
CLEO-II 8832413 the PDG measurements since 2003
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B — J/WwKK(K): BF strateqy A) j0LICH
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s B channels under study : B* and B°
s KK invariant mass in the full range [0.98;1.69] GeV/c?

PDG2012 decay channel BR JC (JPC)
ao(980) — K™K~ seen 1=(07) Several resonant states
J0) = KK |——som | 0907 | geczingo kK
6(1020) — K*K~ | (48.9+0.5)% | 0-(1 ) Expected dominant meson
f2(1270) — K7K™ | (46+04)% | 07(2™) (—K'K") in these B decays: ¢
as(1320) — KK~ | (49£08)% | 1-(277)
£(1525) — KTK~ | (8884+3.1)% | 0F(2+7)
o(1680) — K™K~ seen 0= (1)

s Measurement of BFs:
— blind analysis (large MC samples) to check consistency of fit methods
— unbinned maximum likelihood fit of m__ (gaussian fit for signal yield; Argus function

to parametrize the background). Double check with AE fit is performed
m_=VE AE=E'  —sl2

— K'K™ invariant mass in the full range, then we restrict to the ¢ mass region
s J/y reconstructed to e'e” and u'u; mass constrained

beam P beam
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B — J/yKKK: fits for BF measurements f) JULICH
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arXiV: 1407.7244 [hep-ex]
s No BF measurements in the PDG until 2014 Submitted to PRD
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K*K™ invariant mass f) JULICH
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arXiV: 1407.7244 [hep-eX]
Submitted to PRD

B »JWKKK®

™, M0 T L LI L B LB B B B B B T 20— T N L L L B L I B
= 1 = sf 3
v G0 . U - .
= 1 S E E
&~ S0 ]l e ST ’ =
2 wf 1 £ =% E
E - H . g 10 -
30 1 = s J s
Ll S S rra
L . =
Jog ‘iﬂé 102 104 106 108 11 T lﬂ.ﬂl'll 1.0z 104 106 LO8 LI
My o (GeV/cH My (GeV/ch

s (O mass region selected to study B— J/yoK
= ¢ meson dominant over the K'K™combinations

s One-to-one correspondence between B candidate and ¢ candidate =
s Observation of good signal, small background
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B — J/y¢(K): fits for BF measurements f) JULICH

FORSCHUNGEIENTRLUM

arXiV: 1407.7244 [hep-eX]
Submitted to PRD
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A) JULICH
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B — J/yKK(K): BF results

arXiV: 1407.7244 [hep-eX]
Submitted to PRD

=

TABLE I: Event yields, BF measurements (B) and efficiencies (¢) for the different final states. The yields re-weighted by the
average efficiency () evaluated on PHSP MC distributions, and the yields re-weighted by the efficiency from the Dalitz plots (ep)
are reported. BF measurements with the two different efficiency methods are compared for the channel B — J/y K™K~ K™
(Bixk). BT = J/woK™ (Bjy), B" = J/vK~K¥K? (Bixk.). and B’ = J/wéK3 (Byx,). The B' = J/b¢ (B;) UL at
90% c.l. 1s listed at the end of the table.

Case A Case B
B channel ~ Event € (%) Corrected ||Corrected B (x107%) B (x107)
yield yield (€ ) ||yield (ep) calculated with € calculated with ep

Bhwr 200422 17.9640.04 | 16154122 19044144 | [5.86+0.44 (stat)+0.24 (sys) [6.9140.52 (stat)+0.28 (
B 189414 16.284£0.04 | 1161+ 86 || 1396103 | 4.21£0.31 (stat)£0.13 (sys) |5.06+0.37 (stat)+0.15 (
B% kie  08£13  11.31£0.04 | 586£115( 639+125 | [3.07£0.59 (stat)0.13 (sys) |3.35£0.66 (stat)£0.15 (
B%Ks 41+ 7 10.73£0.04 | 382+ 65| 406+ 69 | 2.00+0.34 (stat)£0.05 (sys) |2.13+0.36 (stat)=0.06 (
B’ 6+4 3L124007 | 19+£13) - <0.101 -

s The difference between the case A) and B) is due to the K'K™ correction in the Dalitz structure

Elisabetta Prencipe
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B — J/yKKK: non-resonant contribution O JULICH

FORSCHUNGEIENTRUM

arXiV: 1407.7244 [hep-ex]
B(B+ — J/WK+TK~K™) Submitted to PRD
JiNTI T

Ry = - — 1.3940.1540.07
* B(B+ — J/JdK+) 7

B(BY — J/y KTK~KY)

Ry — sl — 1.54+0.4040.08
0 B(BY — J/{¢KY) ’
B, oo BB IORE) o i 60
®" BB+ — J/YoK+) T
0 N e e
Roj = B(B" = J/YETK"Ks) _ co 4 009+ 0.03

B(B+ — J/JJwK+TK-—KT)

s BFs in agreement with the prediction of the quark spectator model
s K'K™ contribution to BFs outside the ¢ mass region: first measurement

s Old Babar measurement on B —»J/y¢K confirmed, now with >4 times precision
= currently highest world precision of these BF measurements!
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B — J/WKKK: search for exotics [/ JURS
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= Signal box selected: m__>5.27 GeV/c?; |AE|<30 MeV (B*) and |AE|<25 MeV (B’)

s Mass resolution at the J/y¢ threshold: 2 MeV/c?
s Search for resonant states in J/yKK, J/yK, KKK
s J/yo invariant mass gained more attention because of several recent publications

s Jhy and ¢ are vectors: high spin contribution expected
s Efficiency as function of the invariant mass must be taken into account

= In our fit: mass and width fixed to the CDF values (first publication on res. structure)
/

Experiment  ref M (4140 [ X (a140) //
[ MeV/c” | [MéV ] e
- CDF PRL102.242002(2009) 4143.0+29+1.2 11.7.5° £3.7 # OBSERVATION
" T CDF arXiv:1101.6058 41434757 £06 152777+ 25
 LHCb PRD85,091103(2012) - - NO EVIDENCE
+
CMS PRB734,261(2014) 4148.0+ 2.4 + 6.3 28_11 + jfll _ OBSERVATION
| DO PRDS89,012004(2014)  4159.0 £4.3+6.6 19.94+ 126717 EVIDENCE
3 Mx (4270 [ x(4270)
: [ MeV/c* ] [ MeV ]
g CDF arXiv:1101.6058 4274.4755 +£1.9 323,51 £ 7.6 EVIDENCE
% LHCb PRD85,091103(2012) - +3::|_ NO EVIDENCE
E CMS PRB734,261(2014) 4313.8 +£5347.3 38775 £ 16 OBSERVATION
] DO PRD89,012004(2014) ~ 4360 30(fixed) NO EVIDEN%E, but
- Elisabetta Prencipe BETTER FIT



The controversial picture of m A) JULICH

FORGGHUNGEIENTRLUM

Conference LP09

PRL 102, 242002 (2009) iv:1101.6058

Events | { .01

...................

e
et Tl
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0 < N W a 1 & - o

£ 4.3‘ K i
11 12 13 1.4 15 Wiy g) Goie)
m(utw K K)-m(u*y) [GeV/c?] ' M(J yp)

PRD89, 012004 (2014) Phys. Lett. B 734, 261 (2014)

PRD85, ogni03 (RC) 2012

T D@ Run Il 1+ Data ’ T '
: no evidence 10.4 b = Glabal i ]
aF —FullFit | odAY Y £ Three-body PS (global fn}

A 1o uncertainty band
-----3{41 4“) — — Event-mixing (Jfy, &, KT) ]
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B — J/y¢K: reconstruction efficiency f) JULICH

mﬁ,w (GeV%c?h)

FORSCHUNGEIENTRUM

arXiV: 1407.7244 [hep-eX]
Submitted to PRD

Efficiency lower at the J/y$ mass threshold due to the difficulty to reconstruct low
momentum kaon
Charged B channel more sensitive to the efficiency change at the J/y¢ threshold

compared to B° channel, due to the poorer ¢ (—K*K )reconstruction

MC efficiency MC efficiency
24:_IB'L_FIIIIIIIHIIIIIIIIIIIIIII _G‘L—JH 21:_'_'Io""l""l""l""""'
C i C
23E I:f-u 23F
T e O
e | e’ = | B |
3 L -:".n' _-.'I' g £
215 = el s 21E
= E -
20 20F
o % 1oF-
18F- 18F-
S .. TR, T
2.5 25 3 35 4 45 5
miﬂu(GeVEfc
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A) jULICH
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B — J/y¢K: Invariant mass fit

Unbinned maximum likelihood fit arXiVv: 1407.7244 [hep-ex]
Central value and width of the Breit-Wigners are fixed in the fit  SAMIACSRONE
2 Breit-Wigner + PHSP function re-weighted by 2D-efficiency map from Dalitz plots

25

ni‘ww (CE‘V}’CZJl

25

Background estimated from AE sidebands

my. (GeVic?)

1 Background evaluated with AE sidebands
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2 15f SR 4 =
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> : S >
= C &3] 4]
U:.IIII T ' I I ||||_ﬂ||_| 1 1 A 1 heg o ﬂ%llnllll L
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w 25_.‘._..“...|....,....,........,.... E mfl 0 I|'--'|'O T w
- L * * - IE — = -
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g | s F 1 %
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g z E ERE
& @ 4 ER
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2E- E
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B — J/y¢K: mass fit results A) JULICH
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, 5 - arXiV: 1407.7244 [hep-eX]
Channel Fit f);{414n}(%) fx{,ﬂm}(%-) 2D x“ /v 1D x* /v Submitted to PRD

BT A 02+33 106 +48 12.7/12 6.5/20
B 09+99 0. 17.4/13 15.0/17 * These results are background
C 0. 10.0 + 4.8 20.7/13 19.3/19 corrected.
D 0. 0. 26.4/14 34.2/18 * Small background: )
B+ BT A 73+38 120+49 85/12 159/10 purity 89% (B%) and 82% (B')
s v of fits acceptable in all cases:
Our fit: no hypothesis should be rejected

— S-wave relativistic Breit-Wigners;
— non-resonant contribution represented by a constant term;
— no interference allowed between the fit components;

— small bkg from AE sidebands, consistent with PHSP behavior (incorporated in the
non-resonant PHSP term);

— high spin contribution expected, but angular term non included due to poor statistics
(we assume that the resonances decay isotropically)

~fit without resonances (phase space): v?/ndof = 26.4/14
fit with two resonances (parameters fixed to CDF) : y?/ndof = 12.7/12
fxaraoy = (9-2£3.3£4.7)%, fx(azro) = (10.6£48E£7.1)%  Pammetersied o, 105 5 15002(2009)

fx (a120) = (13.2£3.8%6.8)%. fx (a270) = (10.9£5.2+7.3) of  Pammetersixed ) posy 9695014

to the CMS values
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B — J/y¢K: fractions

A) JULICH

FORSCHUNGEIENTRLUM

arXiV: 1407.7244 [hep-eX]
Submitted to PRD

B(BT — X (4140)K ™) x B(X(4140) — J/bé)/ B(BT — Jip ¢ KT) < 0.135 UL. @
B(Bt — X (4270)K+) x B(X (4270) — JA) )/ B(BT — JabdK+) < 0.184 | 90%c..

X(4140) and X(4270) on 422.5 fb™ integrated luminosity: <2c effect (within sys. uncertainties)
No additional structures are shown in the other invariant mass systems

Experiment ref fx (4140)
[%]
CDF PRL102.242002(2009) -
CDF arXiv:1101.6058 149 +290L 24
LHCb PRD85,091103(2012) <7
CMS PRB734,261(2014) 13.4+£3.0
DO PRD89,012004(2014) 19+7+4
fx (a270)
[%]
CDF arXiv:1101.6058 -
LHCb PRD85,091103(2012) < 8
CMS PRB734,261(2014) 18.0 7.3
DO PRD8&9,012004(2014) -
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B — J/y¢K: BABAR re-weighted dataji/ U

FORSCHUNGEIENTRLUM

arXiV: 1407.7244 [hep-eX]
Submitted to PRD

s What happens if we re-weight data (not the fit function) by the Dalitz efficiency?

“jE0-25:"';—|""|""|"-;_'|""|""|"'(él)|: f:*EZSﬂ:‘ T IHI;-HIIHI(I)II&I])I_' TEZSU_—'"'I""""I'"'I+""I"-0'|'-('C)1:
%> B -JhyoK* 12 f B+ B "3 % ¢ B*+ B ]
= 0z N ++++++ﬂ%++ﬂ_,_ 3 = 2000 - = 200 -
g E _._"'++ e a S - e 2
3, 0I5 +++ + % 150F ] P 150} 3
o r + = [= F
s LB 7 N 3 S + .
(S T 3 @ 100 7 [ 100 .
nE T fraf b,
005" 3 5 B - .H«]-‘]’ .{ E
g....|....|....|....|....|....|....|' u...l_r:—l.—.—nﬂ—.qm_l‘:-rf—l_mﬁl_l—'ﬂh“ U'....l....l....l....|....|....|.|$1=.='
142 43 44 45 46 4T 48 41 42 43 44 45 16 47 4.8 4.1 42 43 44 45 46 47 48
My, (GeV/c) My, (GeV/c?) My (GeV/c)

(a) Average efficiency distribution as a function of the .J/1¢ mass for BT = J/yvoK™

(b) Efficiency corrected J/v¢ for the combined BT and B" samples

(c) Efficiency corrected and background subtracted .J/1)¢ mass spectrum for the combined
Bt and B’ samples

Significance < 2 ¢ within systematic uncertainties
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Mitglied in der Helmbolte Coamainschaft

20 MevfcE

Events
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B — J/y¢oK: comparison (l)

A) jULICH

FORSCHUNGEIENTRUM

N

hat did we learn from the other experiments? The result of the analysis of m(J/y¢) is still controversial

Our comparison:

LHCh: 275.2 events :

CMS: scaled 0.150 |

Events/ 30 MeV/c

and

Our comparison:

D 203.3 events

CMS5: scaled 0.143

Our comparison: and

CDF: 93.0 events

CMS: scaled 0.040

Events/ 20 MeVic

i i
4.5 4.5 4.4 1] 4.0

m,,., (GeV/c?)

o
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B — J/y¢K: comparison (ll) 4 JULICH

T T LHebtotal=275.2 [T DO total = 203.3
b1 BABAR re-weighted [t BABAR re-weighted
# | H } and scaled: 0.196 || { | L{ and scaled: 0.190

“’M | M | | H“MNHWH

Events /m20 MeV/c?

Events
=] 5 ]
T T l T 1T 11 T T 17 ‘ T ‘ |
|

HRA T PPN S B IR B
|  m@Jhyo) GeVic?

© m(Ihyo) GeVic?

w. | CDFtotal=93.0 |.. [ [|7 ~ CMS total = 23076
ST BABAR re-weighted S =00 || | BABAR re-weighted
S T and scaled: 0.055 f= | _ and scaled: 1.401
.0 / . R F :
RO R S T
3 *HUWTMJML 2 wof M} E

i :

I A I R ol 1, -

N m(J/Gfél)) GeV/c%B v - m@J/yo) GeVic®

Note: BABAR re-weighed data (B° + B*); other experiments: only B*, only Jhy—uu
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Search for exotics in m(J/y¢) — Belle A) J0LICH
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e'e” —=Jyo via yy

4.2 4.4 4.6 4.8

- B” = JiyoK® PRL 104, 112004 (2010)
"EE wi__!relimh]a ~ sl
I : 3
§ ! S ﬂ 8.8"2(3.90)
by 12 [ ] (5] .
fl ‘e 2 6 I
£ " o<19 ! Tilie 1! 10 Jﬂ
E . UL el ' N 4+
TN 2 " X(a140)
£ 1 { a l b £ L1 | 825
IR ICT S . TR S N ' = l
IS 1R LN % A N i
i o 42 a3 44 a5 FT I i ¢ 0 [, e T | I |
M(J Iyp)

M(oJ/y) (GeV/c?
No evidence for Y(4140) and/or Y (4270)! (0J7y) (GeVier)

...Indeed hint of a new resonant state is found...

s X(4140) and X(4270), after 5 years of discussions and search in several modes,
are not observed in any other decay mode, except m(J/yo) in B, with J/y—u'u only

s Not all experiments confirm their observation, neither evidence in some cases.
Are they real resonances?
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Remarks on X(4140) A) 0LICH
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No evidence in BABAR, in B decays, with J/w — e'e and p'u-

BABAR data reweighted by efficiency: <2c within systematic effects, on 469 M BB
THE BABAR UL is consistent with what was published from other experiments.
BABAR and BELLE show the same efficiency behaviour at threshold of m(J/y9):
poorer ¢ reconstruction; in BABAR this effect is taken into account in the fit.

s No experiment shows additional decay mode for Y(4140) until now.

So:

s All experiments agree that the invariant mass system of J/y¢ cannot be simply
described by PHSP

s 2 vectors can be polarized: need full Dalitz analysis and higher statistics

s “Enhancements” does not mean only new resonant state!
If real resonance, would expect to be seen in different decay modes

s B controversial interpretation of data of the inv. mass distribution of J/yo;
s B% no evidence for Y(4140) and Y(4270) in BABAR and LHCb (—x20 statistics)

Mitgliedin_der Halmboltz-Cemainschalt
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A) JULICH
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Search for new resonances
via yy interactions
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Dalitz analysis n — K'K'n/z’  EJ Iy

= e
HH_H_‘ F*,_..—-—" *_,..-H'
K
. Final
( R ) State
e
C=+,J=0,2 {y
_d_,,,ﬂ—-‘"*’_ - o %__1"‘-%_
— =

s M _(nS) decays not well known

FORSCHUNGEIENTRUM

s 2-photon interactions:
e’e” interact and emit a quasi-real photon,
which can form resonances.
s Clear signature: J=0%,2%, ... ;
the resonant state (if any) cannot be vector
s |[n BABAR resonant states are observed in
2-photon interactions: X(3915), ...
s Low p, respect to the beam axis

s Final state emitted along the beam direction

> " B(1c(1S)) &~ 20%; > " B(1c(25)) =~ 5%

s Advantage of this search in BaBar: large event yield
s Excellent S/B: non-resonant hadronic cross section is small

Elisabetta Prencipe
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Search for exotic states In n decays O JULICH

FORSCHUNGEIENTRUM

PRD 89, 112004 (2014)

L

= No publication exists on Dalitz plot analysis of n_to 3 pseudo-scalar mesons

« BES [l showed:

o 6.7 4= 3.2 events for 7c(nS) — KTK™n
o 54.9 + 9.2 events for 7.(nS) — KTK 7 PRD 86 (2012) 010001

% 200 | ' ]
@ 1c(1S) - KTK—n: 1145 events s
First observation S
@ 1:(2S) —+ KTK—n: 47 events 5 100 |
First evidence ik
@ 1.(1S) = KTK—7": 4518 events R
e 1:(2S) - KTK—7%: 178 events R o ”T‘“ff“*l*efw‘:z‘
T | 1
Resonance Mass (MeV/ %) I' (MeV) %490 _
T : KK’
ne— K K™ 2984.1 £1.1+2.1 34.8+£3.1+4.0 s gyl | T
n—~ KK~ n° 29798 +081+3.5 26.24+26+ 24 R [ 1
7:(2S)=KTK™n 3635.1+58+21 11.3 (fixed) \ ]
76(2S) K+ K-1° 3637.04+ 57434 11.3 (fixed) e

miK" K =) (GeVic™



BF measurements A) j0LICH

FORSCHUNGEIENTRUM

PRD 89, 112004 (2014)

Channel Event yield

4518 £+ 131 4+ 50417.0 £ 0.7
853 £ 38 £ 11 J21.3 £ 0.6

He— KTK~7°

ne+KTK™n (n77)

Bn.—K"K 1)/B(n,—+K"K ")
ne—=KYK n (n=nta oY)
B(n.—K K 1)/B(n.—KTK n")

602 +0.032 + 0.06:

202 +20 =7 §31.2 + 2.1

0.523 £+ 0.040 £ 0.083

Ne(28)+KTK~x° 178 + 20 + 30 J14.3 £ 1.3
Ne(28)+KTK g 47+9+4+3 174404
B(1.(28)=KTK n)/B(n.(28) =K K~ «"

Y= KK 7" 88 + 27 + 23
Ye2—+KTK™p 24542

B(n.—~K*tK™n)
B(n.—KtK-z")

/Qf;; :i:[][]?ai(l[]al

1S R(ﬂr] —
M. (1S) BESIII 46 i 0 24

B(n.(25)=K*TK™n)

= 0.824+0.21+0D27
B(n.(25) =K+ K-1°) ‘

n.(2S)  Rn:(29)) =
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Dalitz plot: 11 (1S) - K'K™n

_ £,(1500)

A) jULICH

FORGGHUNGEIENTRUM

PRD 89, 112004 (2014)

Final state

o(1500)y

BABAR

preliminary

i By i Sl B

Fraction %

Phase (radians)

B[ 1710) 80+ 324+ 04 22
AL s = £,(1500) and fo(1710)
i} L - n il 4 - 2 . . .
F0(2200) 112+ 28+ 05 21+ 0.3+ g 8uonium candidates
K5(1950)T K~ 21+ 1.3+ 02-02+ 04+ 0.1
£5(1525)n 73+ 38+ 04 10+ 01+ 01
fo(1350)n 50+ 3.7+ 05 09+ 0.2+ 0.1
Fo(980)7 104+ 3.0+ 05 -03+ 0.3+ 0.1
| R NR 155+ 69+ 1.0-1.2+ 04 £+ 0.1
R B - T Sum 100.0 £11.2 + 2.5
| m I ?[:I [ ..|j| i I |T.| Ll |).. 1 .'{zl.-"-il.-" HTI,"IIE_';F:I
1 2 3 4 5 & '
o ] Reo ©g0
v =4 =40
= .l 2 o
- = el
5 £20 £20
0 g 3 3
1]
|:| i i I f ¥ 1 |
‘ [ S 4 6
MA(K'K ) (GeV2/c?) mA(K ) (GeVic’) m2(Kn) (GeVc’)

First evidence of K{(1430)T — K1 seen as a peak
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Dalitz plot: 1 (1S) - K'K™n’ A) jULICH

FORSCHUNGEIENTRUM

K'o(1430) PRD 89, 112004 (2014)
Final state Fraction % Phase (radians)
Kj(1430)0" K~ 338+ 194 04 0.
Kj(1950)T K~ 6.7+ 1.0 + 0.3 -0.67 + 0.07 + 0.03
ao(980) 7" 1.9+ 01+ 0.2 038 + 0.24 + 0.02
an(1450)7" 100+ 244+ 08 -244 0054 003
az(1320)7" 21+ 01+ 02 0.77 4+ 0.20 = (.04
K3(1430)" K~ 68 + 1.4 % 03 -1.67 £ 0.07 £ 0.03
NR 244 £ 251+ 06 149 £ 0.07 £ 0.03
Sum 358 1 361+ 1.2
X2 /v 212/130

K*7% dominated by K{(1430)

%
- ?—Kn (430) = - ?_Kg‘{uanjl i =
& 400 | o h o
E | S0t -
e 3 Sa00f .
o ] &
€ 100 1 £ .00 ERW A =
g | Boo /A ™
T o o, VIR D 1 e s II_—-—_
2 4 6 8 ! . < 2 4 6
(KK (GeVale) mA(K'x?) (GeV/e’) (K %) (GeV2/c?)
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K '(1430) properties A) jULICH

FORSCHUNGEIENTRUM

R s e s PRD 89, 112004 (2014)

sl . 1 o M=1438+8+4 MaV/c2
E in agreement with LASS
2237 .
. j Nucl. Phys. B 296 (1988) 493
S5 | C S
smmel L’ ] e =210£204+12 MeV
; ~ 30 smaller than LASS result
#2e20 1430 1440 1450 294423 LASS
m(K_(1430)) MeV/c® 270+80 (PDG average)
L'%-l —22345- g - [+ B(Kg — I?K) 4+0.010
' | i = 0.092 = 0.025" 5
Fo - B(Ki — 7K) —0-0%
2236 - & .. .
. F Implication: pseudoscalarmeson mixing angle
: | iscalculatedas 6 = (3.179)°
-2238 . -i y __,_p' g i P
' - ' . :
[ e A - ltdiffers 2.96 from the result obtained from
-2240

K* (1430) BR.

1680 180 EDIEI' 220 240 260
(K _(1430)) MeV

Elisabetta Prencipe PANIC 2014, Hamburg




A) JULICH
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Radiative Y(nS) transitions
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Radiative Y(nS) decays: motivation [/ JlUNd;

FORSCHUNGEIENTRUM

rGs)

s Generally well predicted from phenomenological
models PRD 84 (2011) 094501

s Measure BF and mass splitting for radiative

Ln g
N/
Y transition using BaBar Y(2S) and Y(3S) data

Y

Y (2 / BaBar sample: 14 fb Y(2S); 28 fb Y(3S)

/

("
.

s Analysis measure:

Y(3S) —’YXb](ZP):Xb](ZP) —yY(1S5,25)
/ Y@S, 2S) —»ptu~  3S—2P—1S, 35—2P—1S

~ Y(2S) =7y, (1P),%,;(1P) —¥Y(1S),Y(1S) —pHp

N 25—1P—1

Y (35) =X (1P), %, (0IP) =YY (1S), Y(1S) —ptp”
3S—1P—1S

s Event samples:
- 2 calorimeter photons;

- 1 calorimenter v, one y from conversion

G A6l

Y(1S)
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preliminary
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II|I1I|III|III

2 calorimeter photons A) 0LICH

(35)—}7xb](2P)—>YY(25)

FORSCHUNGEIENTRUM

Y(zs)—wxbj(lP)—wY (15)

“nt | X5,(2P) |f

Y(3S)—vxy (2P) —vY(1S)

BABAR %2P) | 4

|II[I|IIII|I[I!|

yut

) L L rrrrprrrprrrp
x(2P) | BABAR :
prellmlnary E

Xol2P) | - E
X(2P) | 4| E 5 E
] :

mi— r i —i

o 1L -

1 20 i. . I ;_-" ;; l'. -'i.‘_r'* ..‘1_ _z

| 1o r +‘,:‘tj_.:;-—--"-"""5?'-",';1..-..- { a { <94 { % =

0 = izae X! h‘ -m"l i

0.4 CI-[]IS 008 010 012 01-1 0.16 GIS 020 02 0.24

b, (GeV)
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1 y from conversion, 1 y from calorimete O JULICH

FORSCHUNGEIENTRUM

DUP) VYOS IRARAR v(35)—yybaP) 1Y)

preliminary ¢ prellmmary -

é 4‘];_ og,gm —_ ;i: :g

xu(lP)| 1

i . B E ]Gi— _;

E 1;]:_ Xbﬂ(]T'P) \Y: i; E

0% -.:.' .............. A Mt o E

| l"lp—-ls (G@V] 0.50
__Y3S)—yxb(2P)—yY(2S5)

l

BABAR

Ja
reliminary ﬂ

xbl(zp) sz(zp)

P E
:;; = 43”“ E
> FE ]
= =
E =
Z E
: '. E
- =
-u - .I _:

51 e T .

E,  (GeV)
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Summary A) 0LICH

FORSCHUNGEIENTRUM

s New exciting results from BABAR in charmonium and bottomonium spectroscopy w\

s Search for hybrids in the B decays: B*? —J/wKKK*? (charged and neutral B)
All K'K™ inv mass range under exam for the first time: no main structure is evident
K*K~inv mass restricted to ¢ meson in [1.004;1.034] GeV/c*:
— JIyK and KKK systems PHSP distributed,;
— Jyo system shows a non-PHSP behaviour
¢ Search for X(4140) and X(4270) in Jy¢ inv mass system: no evidence.
¢ UL are set up compatible with what published from other experiments.
¢ Interpretation of J/w¢ inv mass system is difficult, because:
— dynamics of J/y and ¢ (vectors) interaction is complicated: full Dalitz analysis needed,;
— different hypotheses for explaining the presence of a non-PHSP behavior at the threshold.
¢ Currently highest world precision in BR and UL measurements.
# Non resonant K'K™ contribution to the BF of B —J/yKKK: first measurement

a First observation of KO*(1430) in the Dalitz analysis of n_ - KKn/w° via vy interaction

s Best evidence for y_(nP) —vY transition

Mitgliedin_der Halmboltz_Cemainschaft
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A) JULICH
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Thank you for your attention!
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B — J/I/I¢K comparlson A ) j0LICH

FORSCHUNGEIENTRLUM

% -
E 3100: + _’J/()U¢
“ - Sw325+21 |
> E 2
arXiVv: 1407 7244 [hep ex] = Conference LP09, DESY ¢ « :
rjf_—f 25: T T T i i‘ 1!5_ ; 40:
R i B gaiage] & “Preliminary a
= 20— ‘b.z u 01 UDS TR TR M “,: . y I i,
- B AE (GeV) E E - %_\umuuuu.»-r%uu\H“'"V.LLHJJ“T}‘JHH
| B <1 2 ¥ : 11. 0.2 -015 -01 -0.05 0 005 01 015 0.2
— 15— — —
..t‘_-:ﬂ - + . E 9 AE = EB —\/;/2
= N ]
2 10F ], . o
N ] B
5 E ‘
Cf i gl ‘
L “.: 1 |_| ] L1 L1 L1 1 1 1T i “"‘.;. '...'.‘ L P diyes 191171 HP
9122 13 44 45 16 47 18 ) _ dieietabtiedeiaialpbebiiiny H efficiency
myy, (GeV/c) M(diy ) (GoVIc') | M7 )‘
NOTE: Significance is evaluated after Ve

re-weighting pdf by 2D-efficiency +
systematic uncertainties are included

Br(B*—X(4140)K*, X—Jhyd) Br(B*—X(4140)K*, X—Jhyo)
<5.7 X10° @90%C.L. <6 xX10° @90%C.L.

Consistency!
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