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Overview

Direct searches for Higgs bosons and dark matter
candidates at a B factory:

- Y(2S,3S) = vA°, A’ = p'w

- Y(3S) = vA°, A’ =1

- Y(3S) = vyA®, A’ = invisible

- Y(3S)— ' Y(1S), Y(1S) — invisible

Presentation by Elisa Guido:

« Lepton universality and lepton flavour violation in Y decays



i Physics Motivation

e Light CP-odd Higgs bosons arise in many

beyond SM scenarios 2m <m,<7.5 GeV
7.5 GeV <m, < 8.8 GeV
- NMSSM: adding singlet Higgs field to MSSM results 8.8 GeV <m,<9.2 GeV

in an additional CP-odd Higgs that mixes with MSSM 10—3
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« Either scenario can produce substantial PRL 95:041801 (2005):

enhancements in narrow Upsilon branching fractions PRD 76:051105 (2007)



BABAR data samples

« BaBar data sets:

As of 2008/04/11 00:00

Babar

PEP Il Delivered Luminosity: 56.82/fb

- 122 x 10° Y(3S) decays

50 BaBar Recorded Luminosity: 54.00fp e
BaBar Recorded Y(4s): 0.78/tb 7
6 BaBar Recorded Y(3s): 30.22/fb .
- 99 X 1 O Y(2 S) decayS BaBar Recorded Y(2s): 14.45/tb 7
Off Peak Luminosity: 8.54/fb —
4 |

- “offpeak” samples of 1.4fb™" and
2.4fb™" collected ~30 MeV below
the Y(2S) and Y(3S) 30
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Y(2S,3S) = v A°

A’ can be produced in 2-body radiative decays
of narrow Y states

4

Pighia oearred

« A’—>T'T typically dominant for m,>2m_

« A=’ can be significant below t't
threshold

« Possibly also large branching fraction to E?
neutralino pairs (i.e. invisible)

R. Dermisek and J. Gunion, arXiv:1002.197 [hep-ph]
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? Y(289 3S) — y AO, AO — u+u- PRL 103, 081803 (2009)

« Search for fully reconstructed Y(2S, 35) { W /‘
final state with u"u” mass resonance

— require exactly two oppositely charged tracks, \
w

which for a vertex, and at least one of which is
identified as a muon

- require a single photon with E, > 200 MeV
(lower energy photons permitted)

- additional colinearity criteria applied to y/A°
and y/n combinations to suppress dominant
background from “continuum” e'e” = yu'w

« Kinematic fit of y w'u system, including
beam energy and primary vertex
constraints




3 Y(Z S’ 3 S) — V AO, AO — u+u- PRL 103, 081803 (2009)

Scan the p"w invariant mass spectrum for evidence of a A° peak

 continuum and known resonances p°, ¢, I/, (2S), Y(1S)
iIncluded in background parameterization

 signal shape from MC, with width varying as a function of mao

. T . 2500||||||||||||||||||||||||||||||.||.....
. fit sliding 300 MeV window %~ [ T T .
in 2_5 Mev StepS E 2000:_ Y(3S) data One muon identified
= B .
i.e. <10 of signal A° mass T H ey p’(770) S——
resolution E 1500
»
. . . + - JI
« JAp, P(2S) regions explicitly 51000; ee =y

excluded from search

1951 points in total E




? Y(289 3 S) — VAO, AO — u_l_u- PRL 103, 081803 (2009)

Scan range 0.212 < ma0<9.3 GeV

for evidence of A’ s T @ Ve Y(2S) data |-

* Most significant positive 5 i E

fluctuations is 2.80 (3.10) in = O E

Y(3S) (Y(2S)) sample P kbbb AMALA A E

— consistent with expected statistical “g S5 () Y(3S) data | -

fluctuations given number of T 4= E

independent trials S 3 E

: 2 —

* No signal observed at R E 'ﬂh E

mAO ~ 214 MeV (HyperCP) —_ O_EH—H—o—H—o—o—o—H—o—o—o—fH—H{ """" L L A e NI e e e E

: : ?3 © Combined

Effective Yukawa coupling of =~ 10 _
A° to bound state b-quark j\> é
B(Y(nS) —~A%) _ f3 [, _ _mi o |
B(Y(nS)—1tl") 2r« mi(ns) - 1%




?j Y(3 S) — 'YAO, AO — T+T- PRL 103, 181801 (2009)

e SearchforA’~tt in t™ ¢ vv and
T = uww

- E,>100 MeV and exactly two tracks identified
as leptons

- Missing energy in T decays precludes event
kinematic fit; A’ mass obtained from E, and

known CM energy

- Additional background suppression provided by T 2My
set of 8 kinematic and angular variables,
optimized in 5 ranges of photon energy

« Background mostly QED
e'e =y 1Tt and 2-photon

» peaking contributions from 1 '\ .
Y(3S) = v xwi(2P), - | e
woi2P) = ¥ Y(nS) £ 0?**W+;“;’*H**t+‘+*ﬂ¢+}#+w%*++W“'#t*;*ﬁW*‘*gﬂW*;W*ﬁ*+'++++#+*+*f+*;W#»*#*fﬂfﬂ**w%ﬂm%

(n=1,2; J=0,1,2) T R ¥ S—

E, (GeV)



?j Y(3 S) — 'YAO ] AO — T+T- PRL 103, 181801 (2009)

« Scan for peaks in E, spectrum (307 scan points) across range
corresponding to 4.03 < mao < 10.10 GeV/c?

- signal represented as peaking distribution of known width (varying with E,)
- simultaneous fit to yee and yuu and yep final states

 Distribution of yield significances consistent with standard normal
distribution

B(Y(3S)— yA") - BA’— vt ) < (1.5 16) x 10° at 90% C.L.
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B Y(3S)2yA®, A’invisible S

« A’ —y%¢° can be dominant decay e O
mode in some NMSSM scenarios with 4
light neutralino LSP v :

NN\Es) ----»

e Search for mono-energetic peak in " @i‘

single photon spectrum \ 1
- Signal selection based on photon fiducial ¢ 0

and quality requirements, and the presence

of additional detector activity in the event —

- requires single-photon trigger; data sample

naturally split into “low” and “high™ E, Wiy
regions with different background Ve \////
composition:

e'e — vy e'e > (ee)y

- Selection optimized on 10% of final data
sample and signal MC samples generated

A\WAN
Timestamp: 71.4fff771f.4934a3/a9cf4

Ove r a b road ra n g e Of m asses Date Te;ae;\i Sat Dec 22 21 :45:5/8.707985000 2007 PST

A\ A\
HER: 8.600 GeV, LER: 3.113 GeV




Y(3S)—yA°, A°—invisible

Low mass region
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« Signal extracted from unbinned
maximum likelihood fits to m,’
distribution in Amy =0.1GeV steps

B(Y(3S)— vA®) - B(A’— invisible) <
(0.7-31)x 10° at 90% C.L

for mpo < 7.8 GeV

arXiv:0808.0017[hep-ex]
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Y(l S) — invisible  PRL103, 251801 (2009)

« B(Y(1S) =vv) ~ 1 x 10® in Standard Model

- can be enhanced to ~10* — 10”° by decays into

g

T —

+

pairs of low mass weakly interacting dark matter , S)
candidates Q‘ 4
 Identify the Y(1S) from the Y(3S)—11" 11 \&S) | \
Y(1S) transition pions with “recoil” mass “a

consistent with Y(1S) (2
« Select signal by requiring absence of Myee = 8+ Mrp = 2V5Ex,

significant additional activity in the detector

QD'_] T T L | T I T T T 'I T T
EE= Y(3S) > X (X!=x"7Y(15))

oo :—- Y (38)=a"TY (18) (Y (1S)-Aleptons) =

LI (R B B B R R S g

- peaking background from Y(1S) decays with

70 ;_ Y(3S)=r"n (=) =
undetected (SM) particles passing outside of o ERE v (351 ree) Y(3S) MC Only 3
detector acceptance o R ¥ (38)-nr (%) =

Events/0.001 GeV/¢?

a0 =

- estimated from MC and validated against “near
invisible” control samples

30 i— Sidebands <— — Sidebands —f

=
p O e N Y P S e e
942 9.44 9.406

Dipion Recoil Mass (GeV/c®)




Y(l S) — invisible  PRL103, 251801 (2009)
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« Multivariate classifier used § 300E "‘l Sianavpeaking

to suppress substantial S 700* : APt fYromQV|S|bIep e

: P ineg ol 1S) sample ]

non-peaking background §600;— % raa P, .“.‘ (18) samp :

- trained on sideband data and < 500~ / v b -

signal MC; optimized to : . R

minimize background 2 400 Combinatorial Y P

statistical error = 300; background pdf | | E

o - from sideband Yield (fit) 2326 £ 105 A

« Large “visible” Y(1S) H 5 data Background 2444 + 123-

sample validates MC signal 3 Signal 118 £ 105 £ 124 -

and background models, - :
and overall Y(18) yield 0 5m Tom 946 948 95 9

M... (GeV/ch)

B( Y(1S)—invisible ) = (-1.6 * 1.4(stat) * 1.6(syst)) x 10™*
<3.0x10* at90% C.L.

- order of magnitude improvement over previous limits



Summary

« Constraints on light Higgs bosons

In the mass region below
~10 GeV/c?
Y(2S, 3S) = yA’, A’ > n'w
PRL 103, 081803 (2009)
Y(3S) = yA", A’ = 1'r
PRL 103, 181801 (2009)
Y(3S) = yA’, A’ = invisible

arXiv:0808.0017[hep-ex]
BABAR preliminary

can be interpreted in context of
NMSSM and similar models

Dark Matter search:

Max abb Coupling

100.0

Y(3S)— T 10 Y(1S), Y(1S) = invisible
B(Y(1S) = invisible ) < 3.0 x 10* (90% CL)
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arXiv:1002.197 [hep-ph]

ot
o
T

I A~ AE P
" l’ -
Y ; '4”
" . \
bbb OPKD) o f - o o
/\/\/ﬁ ' bg'*b

4~ CDF 90% CL upper lighit
=1 CDF 90% CL upper lizhit

X (cusB-1) |
3 M vprr (BABAR) E
el (cLEO-1I) :
Mu WU\'
r(as)-yays (BABAD
a | C | | :
1 2 5 10 20 50
m, (GeV)

PRL 103, 251801 (2009)



Backups




Bottomonium spectroscopy

T (11020)
T (10860)
T (45)
T BBtheeshold T
1p5(2P)
%0 (1P)

JP{'.’ _ =+ 1= 1+= 0+ 1++ g+
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2000 =
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E, (GeV)
Fitted Mean:
Mass:
Hyperfine

Splitting:

n b observation rr o1 071801 2008)

Fitted signal yield:

19200 + 2000 (stat.)
+ 2100 (syst.)

Branching Fraction:

(4.8+0.5+1.2)x10™"

E =921.27{+2.4MeV
9388.9,) +2.7MeV/c’
71.4°°+2.7MeV/c’



B Y(@2S,35)2yA%, AP o s

* No significant outliers,
distribution consistent £yl (a)
with statistical = |
fluctuations (standard oy i
normal distribution)
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? Y(Z S, 3 S) — VAO, AO — u+u_ PRL 103, 081803 (2009)
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B Y(3S)2YA®, A’invisible Sz

o= T o e B L B B B A BB = L I T
B 400F = ;:) 60 E
>~ F BABAR | Staterrorsonly 3 - BABAR | Staterrorsonly .
300E Preliminary ~ " Stat @ Syst errors E 40 Preliminary | —*— Stat®Syst errors ” —
’ g H g
= . 0: H ll TI ” l r lll P
M S TR U
= E 20 { ]
;_ _; 40~ -
-300E = C ]
- - -60 ]
400E 1 b L = (') '1 é '% !‘ Slé
6 62 64 66 6.8 7 7 2 7 4 706 7\8] MAO (GGV)

m,

Table 1: Selection criteria for the two regions, low and high energies.

Variable 3.2<E; <55GeV 22<E;<3.7GeV
Number of crystals in EMC cluster 20 < Nepys < 48 12 < Nerys < 36
LAT shower shape 0.24 < LAT < 0.51 0.15 < LAT < 0.49
a9 shower shape ags < 0.07 ass < 0.07
Polar angle acceptance —0.31 <cosf] < 0.6 —0.46 < cosf] < 0.46
2nd highest cluster energy (CMS) E3 < 0.2 GeV E3 <0.14 GeV
Extra photon correlation cos(¢; — @7) > —0.95 cos(¢; — @) > —0.95
Extra EMC energy (Lab) Eovira < 0.1 GeV Eovira < 0.22 GeV

IFR veto cos(Aoyy) > —0.9 cos(A¢yy) > —0.95
IFR fiducial cos(6¢7 ) < 0.96




600+ (b) MC Simulation |
I —— Data
400r )
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O I «g: I | L |

-1 09 -08 -0.7 -06 -0.5
cos(0)

3 track sample
high p track

Y(l S) — invisible  PRL103, 251801 (2009)
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Scan

» precision scan of the Y(4S) — Y(6S) region
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