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Introduction
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Outline

* Review of experimental results from BaBar and Belle

« Topics to be covered
— Light Higgs
— Invisible Decays
— Leptonic Violations

* Results to be covered
— Review from QWG 7 (May 2010)
— New for QWG 8 (Oct 2011)
— Work In progress

NP in Quarkonium Decays / Bryan Fulsom / QWG 2011 / 2011.11.06 / Page 3/31



The Experiments
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The Data
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On resonance :
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Y(3S): 3!
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Y(1S): 6 !
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Light Higgs
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« CP-odd light Higgs (A°) predicted
In NMSSM
— If myo<2m,, Y(nS) — y A is allowed

— Predict B(Y(nS) — y A% x (A° — ff) up to 10 02468 bl

— Search for A% — ff (u*y, t*t, gg, SS, CC) 1000 peer e MUAC) (GEV)

— Favoured decay depends on PR :
m(A%) and parameter values ;FL o o

PRD 81, 075003 (2010) Tem e
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| | Y(2,3S) >y A0 - pty

« Analysis
— Oppositely-charged trks plus photon
— Constrained to beam energy/vertex
— Scan window to search for signals
— Known resonances excluded

BF UL (10°%)

BF UL (10°%)

* Results
— No significant signals
— Set 90% CL upper limits:

B(Y(2S)—>yA%(*1)<(0.26-8.3)x 10
B(Y(3S)—yA%(u*)<(0.27-5.5)x 10

L (10°%)

3, L

=
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— Effective Yukawa coupling
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¥ Y(3S) > yA? > 7

* Analysis & Results PRL 103, 161801 (2009)

— Oppositely-charged tracks plus photon
— ldentify t—>ev,v,, uv v looking at mass recoiling against the photon
— Scan for peaks in E, distribution

— No significant signals, set 90% CL upper limit:

B(Y(BS)—)YAO(T 1) < (1.5-16) x 10

o

Exclude ij(zp) N yY(lS)

= Total uncertainty

=+ =« Statistical uncertainty only N
N TP A v ! o AN
- '“_.,_.-“.'J "“ " S IR L ok

90% C.L. Upper Limit BQY'(3S)— vy A x B sty x10°
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' Y(2,3S) > vy A% - hadrons

« Reconstruction & Selection Criteria
— Fully-reconstructed hadronic events
— Highest energy photon is radiative photon
— Reconstruct A% using ROE ot
* K - = candidates near my o
* p, K%, n* PID-assigned mass
» 10 — yy candidates near m_o
« Add leftover y €
— Constrain vertex and energy, requirement on vertex P(y?)
— Require E, > 2.2, 2.5 GeV for Y(2,3S)
— m,0 and m_ veto on radiative photon
— Bhabha and muon pair background rejection
 Either of two highest momentum tracks identified as e or u
« Angle between y and 2" highest momentum track < 1 rad

hadrons

hadrons
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i" Y(2,3S) - yA? > hadrons (cont ) %ﬁ%

 CP-all: All events considered

®
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Q | -
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« Backgrounds 5 1
. o i Ty 1
— Continuum I — j w(2s) |
« Y(4S) & off-peak floating scale T —p— -
3000 CP-odd
— Y(nS) — v f,(X) decays 0 °
« Seen by CLEO in Y(1S) decay ook B
— Non-resonant radiative decays -
. . i Dat
» Cubic-spline fit 1000f Fﬁa .
B Cont
. 0_ ! L L -I; L L A ’| N "g_ ; z
¢ AnaIyS|S Candidate mass (GeV/c?)

— Mass window (3 — 26 MeV/c?) scan (0.29 — 7 GeV/c?)
— Main systematics due to uncertainty on ¢ of A°>—gg/cc/ss decay, and
background continuum scaling / presence of light resonances
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¥ Y(2,3S) > yA°— hadrons (cont.) %:E:"é

 Results

CP-all

_ cP-all :
* 3.50 @ 3.107 GeV/c? (stat. only) £ 0
+ 2.90 @ 1.295 GeV/c2 (stat + syst) §
5 °F BABAR
= Prellmlnary
— CP-odd <
- CP-odd
« 3.20 @ 0.772 GeVI/c? (stat. only) A 1

* 3.1c @ 4.727 GeV/c? (stat + syst) Wfq 1 WJ ‘ﬁ M ql "ﬁ |
i w Ui

— Toy studies to determine significance o -4 T
- _ A" hypothesis mass (GeV/c?)
— Probability of these fluctuations

anywhere in dataset 33% (CP-all), 63% (CP-odd)
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¥ Y(2,3S) > yA°— hadrons (cont.)

* No significant signals observed

S 100k | T
= F CPal i =
* 90% CL upper limits 5T 4 1 &
o M — 105
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: o - Ll . o
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7 T T Data —H1 0
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o
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Work in Progress %ﬁié

« BaBar: complementary analyses with dipion tags
— Y(nS) —» n*n” Y(1S) > y A - (u*u, 1)
— Y(nS) —» n*n” Y(1S) — y A° — (hadrons)

« Belle: Y(1S) —» yA? — (t*1)
— Scan for peaks in E, distribution
— Expected sensitivity to match CLEO, improve for high mass

— Currently includes epn tau modes, will include ee and uu
Branching Ratio (Upper Limit, 90% Conf)

1.00E-04

4% Binning

EXPECTED FROM MC

1.00E-05

3.5 4.5 5.5 6.5 7.5 8.5 9.5
A®Mass (GeV/c?)

|J. Rorie, EPS 2011] o
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Invisible Decays
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Invisible Searches

 Motivations et : 0
— A% - y%0 dominant in some
NMSSM with light LSP ¢

— Dark Matter may consist e .
of several components

— B-Factories fill in gaps for detection

— Low mass DM could be observed in Y(nS) decays

— B(Y(1S) — xy) up to (4-18) x 104

arXiv:0712.0016

e Search Strategy
— Single photon recoil against invisible decay (Y(nS) — yA° (yx))
— Tag Y(nS) —» n*n Y(1S) with n*r” recoil mass, with “empty” ROE
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[ Y(3S) > 7 A° > x%°

« Strategy

— Search for peak in E,

— Compute mass recoiling against photon

* No significant signals observed

- Set 90% CL upper limit ¢
B(Y(3S) — y A%(invisible)) %o
<(0.7-31)x 10" i

* O(10) improvement

arxiv:0808.0017

. BABAR

| Preliminary

Stat errors only
Stat @ Svyst errors
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¥ Y(3S)-> n'n Y(1S) > invisible

« Analysis Strategy
— Tag Y(3S) —» n*n” Y(1S) with n*n” recoil mass
— SM: B(Y(1S) —» vv)~10->, DM: B(Y(1S) — %% up to 103
— Fit to recoil mass distribution
« Combinatoric/continuum background from sidebands
« Peaking background (undetected Y(1S) decays) + signal

800 £
<, 700
* Results X
_ Fit: 2326 + 105 = 00

— Bkgd: 2444 + 123 S ;‘gg_ i

— Signal: -118 + 105 + 24 2 200F :

100 = =

B(Y(1S) — invisible) O s 946 oas 95 os
<30X 10-4 M,.. (GeV/c?)

PRL 103, 251801 (2009)
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¥ Y(2S)— n*m Y(1S) - y + invisible

* Analysis Strategy
— Tag Y(2S) — n*n” Y(1S) with n*n” recoil mass
— Search for Y(1S) — y A%y (invisible)
— Fitto mg and missing mass Mg = (P,+,- — P, — P )
— Scan ranges: 0<m,0<8 GeV and 7.5<mp<9.2 GeV (0<m,,<4.5 GeV)

« Reconstruction
— Trigger on dipion and single photon
— Require only two tracks, “standard” photon quality cuts
— Combine many n*n” kinematic variables into MVA
— Additional cuts to suppress specific backgrounds:
* Y(1S) —» ynn, Y(1S) —» vy K K_
« Two-photon n’ production
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¥ Y(2S)—> n'm Y(1S) -y + invisible

* |FR veto to suppress Y(1S) —» y nn, Y(1S) —» v K K,
— Cut on azimuthal angle between photon and neutral cluster in IFR

Before — (hissing s | After
F Mean 4347 @ mi_npm:,: LW_I "g‘:::i““:a: g
rof Y(1S)~>ynn RuS 2594 I e s ° Y(1S)=ynn
o Y(1S)-vK, K, i T Y(AS)YK K,
T { Y(1S)=>yl+l }[J(H% : l Y(1S)=>yitl —» +HH
_UIUI L |[\]$ L |1¢ 1 IEIU‘ 11 \3'0' L I'I:UI L1 'S‘j 1L 'G:]‘ 11 -: 08 -06-04-02 0 0204 006 08 1 -1 06 -006-04-02 0 0204 06 08 1 .cm L é‘ * ‘1‘0' . QIOI ‘SID‘ L 4‘0‘ ﬁ BIO L *
M2 (GeV?) COSAd COSAd M (GeV?)

« Angular cut to reduce e*e” — y*y*e*e” > n'(y n*n’) events
— Cut on azimuthal angle between photon and dipion system
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S Ignal Gl 06828 1025_ Bkgd RMS  o.Me? H"m;— T ‘( di 0‘5 0 T T |__ “.-.’”;_ T T T T : |= cus T T
100 = 3 i F
awo— .
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20 F 00—
I - £
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¥ Y(2S)—> n'm Y(1S) -y + invisible

Fit to the data
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¥ Y(2S)—> n'm Y(1S) >y + invisible

BF UL @ 90% C.L.(10°%)

« No significant signals found PRL 107, 021804 (2011)
— Largest fluctuation 2.0c @ myo= 7.58 GeV
— Probability of this fluctuation occurring anywhere >30%

N I T T T I T T T I T T T I T T T I T T |_ - IIIIIIIIIIIIIIIIIIIIIIII TTT I TTTT I IIIIIIIIIIIII:.\.II
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« Set 90% CL upper limits
B(Y(1S) — yA%(invisible)) < (1.9 — 37) x 10°
B(Y(1S) — yyx) < (0.5-24) x 10°
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Leptonic Decays
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Leptonic Decays

* Lepton Flavour Violation (Y(nS) — €0)
— SM LFV B(Y(nS) — £ &) ~O(1048)
— Many BSM mechanisms to enhance LFV in Y(nS) decays
— Search for back-to-back et/ur final state

* Lepton Universality
— SM coupling of gauge bosons to leptons indpt. of flavour
— le: B(Y(nS) —» p*u)/B(Y(nS) —» t*1) ~ 1
— NMSSM introduces A° that can contribute to Y(nS) — &
— Ifmpo~m, /My, E, Is small
* Y(nS) — yA%(€) can mimic Y(nS) — &

o L t rent LU violation
eads to apparent LU violatio JHEP 0901, 061 (2009)

PLB 653, 67 (2007)
Int.J.Mod.Phys A19, 2183 (2004)
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¥ Lepton Flavour Violation (Y(nS) - £¢)

« Strategy

— High energy lepton (e,u) plus t(évv, t*nlv, n*n’n%) in opposite

hemisphere
— Fittox=p*/ Eg

— Signal: bump near end of spectrum
— Bkgd: t-pairs, Bhabhas/u-pairs

Results
— Consistent with zero

— Set best 90% CL upper limits

B(Y(2S)—et) < 3.2 x 10°
B(Y(2S)—urt) < 3.3 x 10°
B(Y(3S)—er) <4.2 x 10°
B(Y(3S)—>urt) <3.1 x 10

Events/0.005

o

leptonic Y'(3S)— et (y*/ndf=52.4/49)
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PRL 104, 151802 (2010)
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¥ Lepton Universality

« Strategy
— Tag Y(3S) —» n*n” Y(1S) with n*r” recoil mass -
— Reconstruct Tt — one prong (4 tracks in total)
— Fitto mg(n*n’) (t1), me(n*n’) and m,, (up)

e

(6.5 MeV

Ewvent

1
a a1 Q2 a5 G4 oS L1

* Result we o
— Simultaneous fit to determine

1500 |

Eventsii04 Mevieh

R..(Y(1S)) = 1.005 % 0.013 % 0.022 pid

=

E a4 Q445 045 Q455 946 9465 D47 D475 S48
T s

MZIZ (GeVic™)

— Consistent with SM prediction R, = 0.992
— 2x improvement in precision

1600 -
1400
12035
1000 -
800 |
£ oo
. 4IDCE_-
2.'["3:_—

D.

venlei 0.4 I'\-1|=\".|’i.".]

PRL 104, 191801 (2010)
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=
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Work in Progress %ﬁ%

 BaBar
— Direct (non-dipion) Y(nS) — (u*u / t*1) lepton universality
« Expected LU enhancement for Y(2,3S) compared to Y(1S)

* Belle
— Lepton universality in Y(2S) —» =n*n” Y(1S) — (u*p / t*1)
* Y(2S) » n*n Y(1S) dipion tag leads to large, clean Y(1S) sample
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Hyperfine Splitting
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n,(NS) = Y(nS) hyperfine splitting

* Proposal
— nu(nS) - A° mixing can lead to distortions in bottomonium spectrum
— Could produce n,(2S) - Y(2S) splitting in disagreement with SM
PRL 103, 111802 (2009)

* Experimental
— Several n,(1S) - Y(1S) measurements (40-70 MeV from theory)

BaBar Y(3S) | BaBar Y(2S) | CLEO Y(3S) | Belle Y(5S) %ﬁ%

71.4+£4.0 66.1+5.2 68.516.9 59.313.4
— No evidence yet for n, (2S)

* Future searches?
— Y(3S) > yn(2S) in inclusive photon spectrum
— Reconstruct n,(nS) with multihadronic final states
— hy(nP) - yn,(nS) at Belle
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Conclusions
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Conclusions

Large Y(nS) datasets probe new physics

JHEP 16, 1104 (2011)

Xd
] ] ] ] y BABAR

Light Higgs searches limit o CLEO|| e
parameter space ‘]
No evidence for light DM )

.|
No new physics via LFV

. I1 ZI 3 3 & 7 3 Sli 11’.l'l‘l]“9‘l

Still more results will come... BABAR BABAR

— Analysis of Belle Y(1,2S)
— BaBar searches continue

direct transition

mixing contr.

.‘--'_-—-._

o m A
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