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v Light Higgs Searches
v Light dark matter in Y(1S)—>invisible
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v Lepton-Flavor Violating Y decays
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‘ Theory Examples
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BR(Y—>yA?)
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Non-singlet fraction (cos6 ,)

m ,p<2m,
2m _<m,,<7.5 GeV
7.5 GeV<m,,<8.8 GeV

8.8 GeV<m,,<9.2 GeV
PRD76, 051105 (2007)

NMSSM models with light CP-odd
Higgs
a Solve fine-tuning problems in MSSM

o CP-odd Higgs, A, below 2m, is not
constrained by LEP

" Large BR for Y—=>yA?possible

Dark matter axion portal

o Nomura, Thaler, PRD79, 075008 (2009)
and others

“" Predict BR(Y—=>yA)~10--10~> with
m ,~400-800 MeV
Also interesting to look in 1), region

o Recently discovered state (BaBar, 2008)

o Leptonic BR 1s expected to be small if ), 1s
a meson
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Upsilon Resonances

e Electron-Positron collider: ete” — y* — Y(nS)
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For any bottomonium process BF (=I'", (/I',, >> BF,q, n=1,2,3
Significantly better sensitivity to new physics @ narrow resonances
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Searches for a Light Higgs in BaBar

Well-understood initial state
o (narrow Y(2S) or Y(3S)
resonance)
Fully or partially reconstructed
final state, depending on the
decay pattern of A°

This talk:

v A’>utu-, PRL103, 081803 (2009)

v A-ttt, arXiv:0906.2219,
submitted to PRL

v A’—=invisible (light dark
matter), arX1v:0808.0017,
preliminary

Key experimental signature:

monochromatic photon in the
Center-of-Mass (CM) frame
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Y'(2S,3S)>vA°, A= utu-
* Fully-reconstructed
final state: 2 charged
tracks, 1 photon

%~ 1 or 2 muons identified
Cl E*Y > 0.2 GeV

" Loose kinematic
selection requires
consistency with CMS
energy and momentum

Backgrounds dominated by (irreducible) ete"=>yu*ru~ and two-body
decays of ISR-produced of ¢(1020), p(770), JAp, Y(1S)
Identify A® decays by a narrow peak in w*u- invariant mass

(resolution 2-10 MeV)
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Results: Y(2S,3S5)>yA%, A= u+u-
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Expect standard normal distribution for 1955 scan points under null hypothesis
Observe no significant outliers.

08/24/2009

Yury Kolomensky, Exotic Y Decays in BaBar



BF UL (10°*) BF UL (10°°)

B UL (10°)

2
fY

u

Upper Limits: Y(2S,35)>7A°% A%->utus

1
{

8=

75 Y (2S)
6=

SE-

4=

3=

25

1E-

5 Y(3S)
4=

3=

2

1= Dw
- Combined
ll];—

|Exclude reg1ons
around J/Ap and P(23)

PRL103, 081803 (2009)

IIII|IIII|IIII|IIII|IIII|III IIII|IIII|IIII|IIII||III|IIII|IIII|IIII|IH

—
(-
)

08/24/2009

45 6 78 9

m,, (GeV)

Bayesian 90% C.L upper limits
Significant constraints on theoretical
models

Rule out Higgs interpretation of
HyperCP events (m,,=214 MeV)
Also limit

B(n, — ptp~) < 0.9%
at 90% C.L.

Combined results for effective
Yukawa coupling f

B(T(nS) — ~AY) _ f2 | _ m%o
B(T(nS)—Itl—) 2ma -m%nS

For m,,<1 GeV, this corresponds to
fY<O' 12 fStandard Model

Yury Kolomensky, Exotic Y Decays in BaBar
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Y (3S)—=>vAY, APttt
« Expect tau decays of A to be dominant above
the tau threshold

* Strategy:

" Look for A® decays as a narrow peak in the photon
energy spectrum above E”, >0.2 GeV

" Select leptonic decays T—=>(e,u)vv
‘¥" 3 final states: ee, uu, ew

¥~ Select events with exactly 2 identified leptons, one
energetic photon, and large missing energy and mass
consistent with tau decays

¥ 10-26% efficiency depending on E, and final state
F" Sample of 122M Y'(3S) decays

08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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‘ Y(3S)+yA0 A0+r+r' Scan for peaks
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Y(3S)=>7A°, APt Results

[ i_ I
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BFUL 90% C.L.(10 §

Y(3S)—=>YyAY, A%—>invisible : Results
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Select events with a
single energetic photon
and nothing else in the
detector

Search for AY signal
as a peak in E, spectrum

No significant signal;
limits on BF constrain
NMSSM parameter

space

____________________________________________________________________________________________________________________________________________________________________|
Yury Kolomensky, Exotic Y Decays in BaBar
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‘ NMSSM Predictions for Y—=>yAY
vs BaBar Limits

A'—ptu- A=t A’—=invisible
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Non-singlet fraction (cos6 )
m,,<2m,
2m <m,,<7.5 GeV Also place significant constraints on other models

7.5 GeV<m,,<8.8 GeV
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Y(1S)—invisible: Analysis Strategy

trigger
e- T ’\’S

/’_

Leverage the charged dip r
transition to the Y(1S) (4.4
to suppress back :. IC

% . "1'.{35.} —[b }{r (X r!= TII:‘ :I: ‘t'l[‘l E‘I:]] ! I
s " Y (3S)=a"TY (1S) (¥ (1S)-pleptons)

é‘ 0 Y (38)—=x"n {u"u’)

e Y(38)=a'n(e'e’)

% 50 Y (3S)=x"n(t*r)

-

T

30 Sidebands

10 Additional non-peaking backgrounds
0 from ete~=>y*y*—=>ete-mwrn~ not included

942 944 Q.46 A8 9.5 9.52

Dipion Recoil Mass (Ge'W::Z)

I
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Y(1S)—invisible: Event Selection

* “Invisible sample™:
o Select events with two low-momentum charged tracks and little
additional activity in the detector
¥~ Di-pion kinematics specific to Y(3S)=>n*n~ Y(1S) transition
(C.C.D. Cronin-Hennessy et al., PRD76, 072001 (2007))
¥~ Signal efficiency: 18%
¢~ Multi-variate selection (BDT)

¢ “Visible sample”
0 4-track fully-reconstructed sample: Y(3S)=>n*nt~ Y(1S), Y(1S)=> /-

¥~ Check selection, calibrate acceptance, detection efficiency and BR for
Y(3S)=>atn- Y(1S)
¥~ (alibrate di-pion mass resolution

& Affects both signal and peaking background from Y(1S)—>[*/-events with
missing particles

o 3-track sample
¥~ Check acceptance

08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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Y(lS)éthlSlble Slgnal ExTrachon

x BABAR -
f ¥ Preliminary =
il 8 ) L. arXivi0908.2840 =

- = .
.....

1 I 1 1 1 1 I 1 1 1 1 1
942 944 946 948 9.5 9.52
m,., (GeV/c?)

Fit Results: N ., = 2326 = 105 (stat.) events

Peaking background estimate, calibrated against control sample data:
Npy = 2444 = 123 (syst.) events

Y (1S)—invisible yield: —118 = 105 (stat.) = 124 (syst.)

08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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Y(lS)—nnwsuble Fmal Resul’rs

SEr T
T st BABAR | /-
= 4E% Preliminary | 3
" 35E % arXivi0908.2840 | - E
3E G E
25k E
2F 3
LoE 90% CL 3
IE Bayesian E
0.5 integral =
D - . = 1 L 1 |g 1 L ;xl{j_g
04 02 0 0.2 0.4
BR(Y — invisible)

BR(Y'(1S)—invisible) = [ -1.6 = 1.4 (stat.) = 1.6 (syst.) [x10~*
BR(Y(1S)—invisible) < 3.0x10* @ 90% C.L.
Brand-new result: arXiv:0908.2840 [hep-ex], submitted to PRL

08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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Lepton Flavor Violation in Y Decays

 CLFV: an unambiguous signature of new physics
¥~ Unobservably small in the Standard Model
¥~ Sensitivity to multi-TeV mass scales far beyond the reach of direct searches

¥~ Complementary to the LHC

e Relation to LFV tau decays
¥~ See M. Giorgi’s talk next

|+

Re-ordering of e’ |
Y incoming/outgoing
| particles T
T *
I € t

B(r — 000) T(W — ()2

B(Y — £7) B(t — wo) I'(T)I'(T — ¢0)

N, AT \6 S.Nussinov, et. al.
(M~ / Myy) PRD 63, 016003 (2001)

B(r —000) <2 —-4x107° = B(Y —/(1)<3—-6x1073
BaBar PRL 99, 251803 (2007), Belle PLB 660,154 (2008)
08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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and missing
energy

BaBar preliminary:
arXiv:0812.1021

No signal found:
Set limits
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Likelihood
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Summary

Unique sensitivity to new physics in bottomonium decays
No signal of a light scalar particle (e.g. CP-odd Higgs) in radiative decays of
Y(2S) and Y(3S) in uwtu-, THt~, or invisible final states
o Set upper limits that rule out much of available parameter space; most stringent
constraints to date
a Also set a limit on dimuon and T+t~ BF of 1,
¥~ Consistent with mesonic interpretation
““”  First ever measurements of the exclusive 1), decays

No evidence for invisible decays of Y(1S)
a0 Constrain models with light dark matter

No evidence for LFV in Y(3S) decays

Publications
%= PRL103, 081803 (2009) (A’>u*u-)
% arXiv:0906.2219 (A°->t*t"), preliminary, submitted to PRL
®"  arXiv:0808.0017 (A°—invisible), preliminary
F  arXiv:0908.2840 (Y'(1S)—invisible), preliminary, submitted to PRL
F  arXiv:0812.1021 (Y(3S)—1l), preliminary

Additional datasets available in BaBar and Belle: stay tuned !

08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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Backup

I
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BaBar Detector

1.57T solenoid
DIRC (PID) SOICNO!l EMC
144 quartz bars - . 6580 CsI(T1) crystals
11000 PMs i

Drift Chamber
40 stereo layers

Silicon Vertex Tracker

5 layers, double sided strips
Instrumented Flux Return

iron / RPCs / LSTs (muon / neutral hadrons)

08/24/2009 Yury Kolomensky, Exotic Y Decays in BaBar
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Integrated Luminosity [fb™]

BaBar 2008 Dataset

- B r =
- gba - Dec. 2007 - Apr. 2008
PEP Il Delivered Luminosity: 56.82/1b
50— BaBar Recorded Luminasity: 54.00/1b | .
B BaBar Recarded Y(4s): 0.781b .
L o e o 1 Dedicated run on Y(3S) and
- BaBar Recorded ¥(2s): 14.451b 7 1
[ o8 Peak Lmeoy, 854 1 Y(2S), cross section scan
0= N - | above Y(4S)
[ T ResomdLumeosty .
- — Pecoried Lurmircaly Yida) ]
— Hecordod Lurmmoady Yi3a)
- — Fecorded Luminoaly Yifs) —
| Iy — 122M Y (3S) decays
20—
i 99M Y'(2S) decays
10—
g_ =
-."5:'
o o g
& &
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Events/1 MeV/c?

Existing Constraints
CLEO limits on Y(1S)—=>yAY

HyperCP anomaly
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212.
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 (MeV/c?)

H. Park et al., PRL94, 021801 (2005)
Resonance-like structure in
2-=>putu- near threshold

(m,, =214 MeV)

Small width (I'<1 MeV)

217.5

N

0
y

)B(a

0
1
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If llght CP-odd ng gs, C ould be 4500 5500 6500 7500  B500 9500
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produced in Y- yX(214). m,, (MeV)
W. Love et al., PRL101, 151802 (2008)
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AY->utu- Mass
2500
>

Spectrum

M
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— 2000

/1
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211500
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Strategy for A'—>utu-

* Signal extraction: ML fit in slices of invariant mass

¥~ 1955 distinct slices from 0.212 <= m,,< 9.3 GeV, in 2-5
MeV steps

0
=" Fit to “reduced mass” mr = \/ mzo — 4mﬁ = 2|p;:1
¥~ Smooth threshold behavior, slightly shifted from m,,

Signal PDF Background PDF
E [ ;4# @*Wﬁ“&% .ﬁwﬂm*m*'@
U e = .-—-.aﬁgnzl— =
E %L Monte Carlo Sum of two Crystal Ball 3 E sos— Bkg -
® a0 Signal events - QL . E =
= E functions with low/high tails § = ™ qq1q :
T o (shown for signalat LQ oo 3/ i
£ 200~ HyperCP mass) =  — = ¢ =
D - 1 2 s —
o E ERRI: threshold =
1000 — - W .E function : polynomial function =
s00.- = ¢ tanh(poly(mg)): poly(mg) —
s o A 'nlz'i' e T e e -

‘m_ (GeV/c) m_ (GeV/c?)

Uy ey e o LMLy AAULUIIIVALIUIL Yy A LA UL 4 A/ LUy U s As At
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N, U ReSUITS

- Ei?fﬁrii$+5}ifif}§i;f§§$}¥if?+i
gmu; Jdf = 25.3 40 ;;. 1 ému_— dag=serss ol i i 13
Eal YQS) EIEN - T A I S S
3 I e— o0 A
B.; e s T E T 9.3::'#‘-5“” 555 96
m, (GeV) my (GeV)
B(Y(25) — vm) x B, — pTp™) = (—04+£39+1.4) x107°
B(Y(3S) — vym) x B(my — p"p™) = (=1.54+29+1.6) x 107°
By, — ptp~) = (—0.104+£0.93 £0.33)% (7(2S) dataset)
By, — ptp) = (—0.314+0.61£0.32)% (7(3S) dataset)
B(my, — ptp™) = (—0.254+0.51 £0.33)% (average) .
90% CL Upper Limit:  B(my — ptp~) < 0.9%
08/24/2009
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A= uru- HyperCP Point

= 4= T — E 4
£ ¥ ¥ ; ] =
a2 $ IRIINE: # — 2
—_ 4 _, | | | T T II T T T | T |_ _..-.:lmli L
— . vidf = 1224108 B
:{a 500 ) x - % -
Ll" : — I:J m —
§ a0 g B
S [ S s00—
= 300 ~ T
2 F g L
=] Z =] L
¥ 200 g 4000
= - - B
100— 200
0

No significant peak at m(A0)=0.214 GeV
Set a stringent upper limit:

faé(mao = 0.214GeV) < 1.6 x 1075 at 90% C.L
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Significance Calculation
 Need to take into account the “number of
samples”
" Generally, PNsample(XZ)stamplePl(Xz)
0 Need to determine the number of independent

samples
¥~ Look at correlation between adjacent scan points
1 ndf 2132/6
- L | p0 0.8785£0.01094
0.953— | ~
- [ ]
5 0.9F Jp — 1 =
g — :
o 08% =
£+ z
c z
0.75 —)— -
o 10
m(AO)
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Toy Distribution of Maximum S

|_Distribution of Max S | Enirias T | Probability for N, =1966 |

Mean 3.301

- RMS 0.3737 = 1
- -::-n [+] T!:r_n,r !_.lunte Carlo withp=0. E 10" Fit with Na:rhpl-a=14gﬁ
a10”® o Fit with N, =1436 o
o ©10° ------ Fit with N, =1700
4
107 o 10°
1u“E o 104
1078 ° 10"
sk 107"
10 E a
- 107
107 E
= 107
m'“E- ‘Il‘
prvr v vl by bvv s by aa ba s b bvrear b 107 L1 I T T T L L
0 1 2 3 4 5 6 T 8 9 10 7
Largest & = 1I,IIIEImg\[L mas’ L "|||'2Io-gfL s o

Generate 10® toy experiments with 1966 bins:
normal distribution for each bin, adjacent bins correlated by 88%
Typical trial factor ~1500
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Y(3S)+yAO A‘)%ﬁt Spectrum

- 3
L _ ee->ud =
: B ee—ccbar ]
é e I e channel B e cey ] Selection optimized in five
g2 E *“*+E+++ " = Goilie 3 large energy regions.
4 10 i L frihit, ! + T_% Background dominated by
g T 1 irreducible ete-=tT-
1= ..
E.E ; I_;IJ_||-| o, 00 HI'I ’I 0, . . ] . . ’ | ] I'I’.
> 10| £ ! | o Vs I :
3 17K ¢ ey channel T5® = Describe ’bac.kgrf)und. by a
2 -3 ; é;}b 1 smooth distribution, include
£ gEL. W + 5 peaking contributions for
- == : —
(1] = ¥ PR b i bt w2 X (2P)YY(1S,25)
= b 1 f‘ ‘H I
N 1? . | Fﬂﬂﬂﬂﬂ]ﬂfﬂhﬂﬂﬂﬂ_ﬂ il g Jadd i, IHHHHW % Signal distribution: Crystal Ball
g . ; . ! u channel 5 PDF W.lth low-energy tail,
2k Pt B ABAR Preliminary 5 resolution 10-55 MeV grows
5 10E ﬁ”"*‘f* s | withE
5 E ] ! I F Ak g l i : !
i i T
152 e
f L E%HLHPHMW% [ 4. HJ
E (GeV)
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Y(3S)>vA°, A°>t+t- Background

Two (of five) representative fits

ee channel

. & obtaatias b s o SERCR e Yo () g A
100 S e LUV et s = i -" i W TR * IR il * 1 : 1 kel B, o 4f
0 e 3 1 e NS
1= /\ Xl(2p)—>YY( S) % 3 I;L | ‘ | H ﬂ I
s : / ' — 5:_A . , _—
“wm ww umm i nww i m*w = *w T WW : ww %W Wady w :
s w i w i ity
-5 _ _ e Sk _—
1000 eu, channel D P e =
100 B~ PANERR e — ) = 10E na
e \ _ =
L - 4 N BABAR Prehmlnary é LE 15 BABAR Prehmmary =
Sj— - . . . 5:_. . (d) _ _:
_H = B i L
B *#”* **“*‘W* *“« i s bt wﬁ% E O@W il *w MWWWWM W i W@
10(;(:__ ‘ MM channel @ ]-;ﬂ “’ o !I ey ,J_,lji, * ol =
i RS et s o (ARALIAL LT q \ T
{)Wm WWMWHw++*+m+wwww+ﬂ#*m X M*wf'ﬂmw i E "@ WW‘WWW “MWWWM W*«W wm WW
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E, (GeV) E (GeV)
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Y'(35)—=>vA°, A’—=invisible
* Require a single photon
with E*. >2.2 GeV
* No charged tracks

e No additional energy in
EMC above 100 MeV

e Missing momentum points
to EMC

* No activity in IFR aligning

Yo P -y with missing momentum

T 44300 TOSR * Selection efficiency: 10-

Futon S 11% (E*>3 GeV), ~20%
(E",<3 GeV)

Dominant background from e*e=—>vyy,

with one of the photons missing the EM
calorimeter. Veto such events by detecting
activity in the muon detector (IFR).
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Corrections and Systematics

Geometric acceptance and efficiency for visible events
3-track sample: one track missing

4-track sample in forward direction
LA B s s ey e L L T = =R B IR
15001 @ MC Simulation - 600 (b) MC Simulation
! —— Data ] I —— Data
1000 BABAR Preliminary [ 400-_ BABAR Preliminary |
: N :

500 . 200 -
0_ T B R B, | 0}
-1 0.5 0 0.5 1 -1 09 08 -0.7 -06 -05

cos(0) cos(0)

Use data distributions in the polar angle to re-weight the simulated events,
recompute efficiency. Plots shown after re-weighting. Correction of 1.088+0.012
(applies to the product of efficiency and BR(Y(3S)=>mn~ Y(1S))
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