Science & Technology
Facilities Council www.stfc.ac.uk




Light CP-odd Higgs

* Light CP-odd Higgs A° appear in
many models e.g. NMSSM.

* |In NMSSM coupling to b quark
depends on cosB, (CP-odd Higgs
doublet/singlet fraction), tanp
(ratio of vev of doublet giving mass
to up/down-like quarks), and mass
of AC,

— CP-odd Higgs can be light
— Important to look at many decay
possibilities.

* If A mass < 2m, not detectable at
LEP but may be detectable through

BR(T(3S)-7ya,) X BR(a;~»u'u")
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Dermisek & Gunion PRD 81, 075003 (2010)
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The BaBar detector

The BABAR detector

15T
superconducting
solenoid
DIRC(PID) \ EMC
144 quartz bars 6580 CsI(TI) crystals 25
11000 PMs T
a *
g 20 n From CLEO
15+ i
S ? |
T : {I'
X T 10F ' "
e ( Drift Chamber |+ o g
40 layers + P [k s
\ﬂ'_;r 5 - |I ‘,_+ {* f .’ *‘ -
= + ey o Torm,y m-’o‘-ﬁ‘-‘""“_.“—-i"&_n :
T(18) Y28 T(3%) T(4S)
D | 1 1 1 | 1 1 1
044 046 10.00 10.02 1034 10.37 10.54 10.5% 10.62

Silicon Vertex Tracker Mass (GeV/ic')

Instrumented Flux Return 5 layers, double sided sirips
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BABAR data sample contains

~470 x 10° Y'(4S) B(Y(2S) — 77 Y(1S)) = (17.90 + 0.06)%
~120 x 106 Y(3S) (10x Belle) o
~100 x 10° Y(2S) (10x CLEO) B(Y(3S) = 7 7 Y(1S)) = (4.37+0.08)%

~ 23 x10°% Y(2S,3S)—-n Y (1S)
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Searches at BaBar

Y(3S)>A.y, A,~invisible arXiv:0808.0017

Y(3S)>Ay, ASTT PRL 103, 181801 (2009)

Y(25,35)>Ay, AgSuw PRL 103 081803 (2009)

Y(2S,3S)>A,y, A,~>hadrons PRL 107, 221803 (2011)

Y(1S)>A,y, A,~>invisible PRL 107 021804 (2011)

Y(1S)>AY, AyDHu PRD 87 031102 (2013)

Y(1S)>A, Ay>TT PRD 88 071102 (2013)

Y(1S)>A.y, A,~>gg or s PRD 88 031701 (2013)

All analyses assume scalar/pseudoscalar A° and negligible decay width.
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Y'(2.35) > Y (1S), Y(18)yA° AP |
PRD 87, 031102 (2013)
Identify Y(1S) from the two pion transition.
E,* >200 MeV + 4 charged tracks; one track identified as
muon by Particle Identification (PID) and transverse
momentum P,.

Random Forest Classifier MVA to reject background.
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red (GEV/ c )

" Maximum Likelihood fit scan through m__, at 4585 points:
Background : threshold or Chebyshev function.
Signal: two Crystal Ball functions.
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Y(2,38)— n*w Y(1S),

Y(25) - Y(15)
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Y(1S)—yA° , A0ty

PRD 87, 031102 (2013)
PRL 103, 081803 (2009)

90% CL Upper limits : (0.28 —9.7) x 10®in A°
mass range 0.212< m<9.20 GeV/c2.

Can place limits on effective Yukawa coupling f,
of the b quark to the A°:

B(Y(nS) »yA%) _ 7 [, m,

B(Y(NS) > 1'1")  2za|” mZ,

90% CL Upper Limits (combined with PRL 103,
081803 (2009)):

f2xB(A’ = 1 17) < (0.29-40)x10"°
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Y'(2S)— 'Y (1S), Y(1S)—>yA® , Aot r

f 74 * One-prong decays of t; at least one decay must be
leptonic: ee, ey, e, YU, WUIT.
Optimize selection in two A® mass regions

* Low:3.6<m<8.0GeV/c?

PRD 88, 071102 (2013)

3 174 Ty * High: 8.0<m <9.2 GeV/c?

/ * Separate MVAs for Y'(2S)—n*n'Y(1S) and Y (1S)—yA°
WP e Mass recoiling against y in Y(1S) frame:

R m, =(p op,)

X = tem a
Scan through m,? at 201 points: e m !
e Background : threshold function. Signal: Crystal Ball function.
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Y(2S)— ©wrn Y (1S), Y(1S)—yA°%, Al—1tr

A° mass (GeV/c?)
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PRD 88, 071102 (2013)

90% CL Upper limits : (0.9 —13) x 10~ in A% mass
range 3.6< m<9.2 GeV/c?.

Can place limits on effective Yukawa coupling g2,
of the b quark to the A°:

B(Y(nS) > yA%) _ 9:Gemy = [, My
N QCD |+ 2
B(Y(nS) > 1I'1") 27z« m

Y (nS)
90% CL Upper Limits (combined with Y(3S) result
from PRL 103, 181801 (2009)):

g2 xB(A® = 7777) < (0.09-1.9)x10"*
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Y (2S)— n*nY(1S), Y(1S)—>yAL , A'—gg Ss

PRD 88, 031701 (2013)

Number Channel Number Channel
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A° candidate mass (GeV/c?)

Events with 2 pions, a radiative photon
(E,*>200 MeV), and a hadronic system.
Select events with 9.45 < m; < 9.47 GeV/c?

2 ap2 2 CM
Mg = MY(zs) +m,, — 2I\/ly(zss)E;m

Suppress background with an MVA.

Reconstruct 26 hadronic decays:
 5s:2or4kaons (channels #11-24)

Form A® mass from hadronic system.

Scan 850 steps through A° mass; count

events in a mass window centred on A° mass

hypothesis.

Large hadronisation uncertainty in MC

(~50%). Use data/MC comparison in

Y(1S)—vygg for 2 < m,, < 4 GeV/c? to correct.
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Y (2,3S)— 1t Y(1S), Y(1S)—yA° , Ao S5} 4

PRD 88, 031701 (2013)

90% C.L. upper limits

10

* Most significant signal
 gg:2.70 at 8.13 GeV/c?
* 5s:2.90 at 8.63 GeV/c?
e Statistical fluctuations are
consistent with a null-hypothesis
* No evidence for A°

0%

af B(Y(1S) — v A% x B(A’ - gg)
10%_:}'::}:::}:::4:
10" _E —— Expected average —— QObserved limits

oF I Epected o) e oy
10 E Expected (95%)
10°F
104
10°
109

= 0 0 -
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90% CL Upper Limits
B(Y(1S) —» yA%)xB(A° — gg) <10° -107*
B(Y(1S) » yA®)xB(A’ — s5) <10° -10°

21-May-2014

4

6 8
A° hypothesis mass (GeV/c?)

Light CP-odd Higgs Searches, Fergus Wilson, STFC/RAL



Y(2S)— ©w*n Y (1S), Y(1S)—yA°, A’>—invisible

PRL 107, 021804 (201)
Light Higgs A° or dark matter pair ¥x

Y'(1S)—yvv branching fraction at least 30 times
lower than is detectable at BaBar.

Tag Y'(1S) as before.

Ev* > 150 MeV.

Search for single energetic photon and significant
missing energy.
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e 196 points 0<m< 8 GeV/c?

e 146 points 7.5<m<9.2 Gev/c?
* Scan XX mass

e 17 points 0<m< 4.5 GeV/c?
e Use two variables in ML fit

* m.?2and m,?
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Y(2S)— ©w*n Y (1S), Y(1S)—yA°, A’>—invisible

PRL 107, 021804 (2011)

B(Y(1S) = yA%)x B(A® — invisible) B(Y(1S) = 177)
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90% CL Upper Limits:

B(Y(1S) = yA%)x B(A’ — invisible) < (1.9 -37)x10°°
B(Y(1S) = yxy) <(0.5-24)x107°
Some predictions (e.g. PRD 80, 115019 (2009); PRD 81, 054025 (2010)):
B(Y(1S) = yA%)x B(A’ — invisible) < (4 -18)x10~*
B(Y(1S) — yy7) < (1-10)x107
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Events per 10 MeV/c?

- A,—hadrons

PRL 107, 221803 (2011)
* No Y(1S) to constrain decay.

* E/*>2.5GeVforY(3S), 2.2 GeV for Y(25).

» Consider CP-even (A°>KK,murt) as well as CP-odd.

* A% mass from remaining particles.

e Background fit : 16-knot spline + five Breit Wigner

* Scan 6710 (CP-all) and 6701 (CP-odd) A® mass hypotheses

90% CL BF upper limits x 10
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Summary
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* Searches for A° >hadrons, invisible, pu*u-, T, gg, 5s have been
completed by BaBar.

* Substantial fraction of parameter space up to 7-8 GeV/c? excluded.

* New results in preparation: A;—cc and A;—yy
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