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Muonic Dark Force ?

* Astrophysics, cosmology: dark matter = ?
* Possible explanation: hidden sectors, with their own gauge bosons Z’,
feebly coupled to SM

» 7’ kinetical mixing with SM bosons: couplings to light quarks and electrons
proportional to SM, strongly constrained by existing searches

e Z'directly coupled with SM fermions: may prefer heavy-flavour leptons; might
explain (g — 2)ll measurements, proton radius in muonic atoms

* Example of a specific model: L, - L, gauge interaction
L,=g¢gZ,(uy"u+ VML)/GVML -

— a — o«
—TY T+VrLy V‘L’L)

g
&
PLANCK

0.001
5.x 1074 Existing experimental constraints
& \ . o
1 x10 ) o o Interesting region, favoured by (g - 2),
" 70.001 0.010 0.100 1 10

Mz (GeV)

13/07/16 L.Lanceri - PASCOS 2016 - Searches for Light New-Physics Particles with BaBar data 2



BaBar Search for Z': Data Sample

DIRC
144 quartz bars.
11000 PMTs

1111111111

1.5 T Supercondctin Solenoid

6580 CsI(T1) crystals

ElectroMagnetic Calorimeter

rift Chamber
40 layers

Silicon Vertex Tracker

5 layers, double-sided strips

Intrumented Flux Return
RPC/LS. Muons + neutral hadrons

Integrated luminosity

for this analysis: 514 fb™!

BaBar spectrometer nim A729, 615(2014)
Excellent momentum resolution
Particle identification

Large acceptance also for neutrals

PEP-II at SLAC (1999-2008)
9.0GeVe,b3.1GeVet

High luminosity
Data samples at Y(4S), Y(3S), Y(2S)
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Kinematics and Event Selection

_|_

e'e — ,LL+,LL_Z',|Z' — ,u+,u_| Z' search:

LU U U invariant mass my,,

L U invariant mass m ., _

uu
W reduced mass Mg

\/mpfw — 4m

four Z’ candidates per event

Selection criteria:

e 2 pairs of oppositely charged tracks

* sum of energy of e.m. clusters not associated to tracks < 200 MeV

* both positively OR both negatively charged tracks: loosely identified as muons
* Veto against Y(ZS, 3S) — Y(IS) T, Y(IS) — u'u

* E. -500MeV<m,, <E,, +500MeV, E., = nominal CM energy
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Standard Model Backgrounds

WU WU invariant mass distribution: data and MC, Y (4S) sample
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* Data BABAR
et st | | ete 5 qd g=u,d,s.c
M ete” - v e*e’ = mrdhy(—utn)

radiative tail from ISR
(not included in Diag36
generator for u*u utu )
re-weighted later in MC

_|_|J_|,| 1 llIllII,I | lIllluﬂ

—
o
w

l|m -

Entries /0.06 (GeV)
a

10°
10 ) lﬂlﬂﬂl l %ﬁt’ru_ﬂ[-k-==m'ﬁlw"Jr** ! light quarks
L and J/Y
6 7 8 9 1Q 11
i m(4u) (qﬁeV)
:6 al
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Reduced Mass, Data and MC

distribution of p*u~ reduced mass m, for data and bkgd MC
after refit with vertex and energy constraints to improve mass resolution
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Signal Efficiency, Resolution vs m.,.
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Signal Yield and Cross Section

Signal yield N, from series of 2219 unbinned ML fits to my intervals (50 x resolution)
Likelihood function: pdfs for signal, continuum and peaking backgrounds
No evidence of excess over the backgrounds
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g BABAR
=) 0.5(— - —
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Cross section: 7
Compatible with zero :
N, S
0= — 1
eff x Lumi o
°
© - ] — ] —_— ] —_— ] : —_— ]
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Significance: 7o R
: AR M R S R A Bt
Ss = sign(Nsig)/21log (L/L,) 5k 5 ; 5 5 =
m,. (GeV)

Main systematic uncertainies: efficiency + ISR 5%, luminosity 0.6%, MC stat. 1-3%
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g’ vs M., Upper Limits

Bayesian 90% CL upper limit on ¢ [fb]
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Other Light-Particles Searches in BaBar

Dark photons

more results expected
decays to invisible
single-photon trigger!

Long
Lived
Particles

Light Higgs

more results expected
decays to invisible
single-photon trigger!

beamspot P

coupling to SM fermions
a' =g’a

|

mixing strength € < 103

III

“vector porta

OWOY OO dark photons
OWOO OO “ylar portal”

Higgs, inflaton

Next-to-MSSM, 7 scalar fields
visible CP-odd component A°

S
5 A

Not constrained by LEP below m,,
BF(Y ->yA9) = 107+ 10~ accessible

10
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Future Reach: Two Examples

ete” —~vA", Al = IT]7, with | = eor p ete” — vA, AL — xx
| LR} 10-2
W
Belle 11 50 fb™!
10° -
500 !
5 ab”
50 ab?
Il 1 111318l 1 a111 1 1 111l 10-4 IllII 1 Illlllll 1 1 IIIlIII 1 Illlllll
102 10" 1 10 10? 10" 1 10
my (GeV) my (GeV)

Predicted Upper Limits for Belle Il
extrapolated from BaBar by C.Hearty (B2TIP 2014)
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Searching in the Dark

PRESENT

low masses (< 10 GeV)

interesting constraints
from B-factories

BaBar (& Belle)

More analyses ongoing
on existing data

FUTURE

low masses (< 10 GeV)
SuperKEKB: Lumi x 40
Belle Il

Significant improvemens
expected!

(same mass range,
smaller couplings)



Searching in the Dark

o) Dork Matter

Axion &

ALPs

DM

Sterile
neutrino

Extra
dimension Dark

sector
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Searching in the Dark

with the help of some light

THEN WHY ARE |.

oU LOOKING
\T Two BLOLKS FYOR%T HERG?

POWN THE

_ STREET‘ )

. F DID‘/OUDROP NO DROPPED

?&E 3T Heae? ,
1M LOOKI =
e)

BECAYSE
THE LIGHT
S BETTER
HERE'

] FOR MY QUARTE
1 DQoPPeD'

v,
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BACK-UP SLIDES
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ISR Radiative Tail re-weighting

(describe method)

MC re-weighting effect compared the 5% data sample used for analysis optimisation
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e'e” = LX,

low mass CP-odd Higgs boson A

Y(18)—=yA°, A" —cc
(1 )% yA°, A’ — gg,ss
Y(1S)—=yA®, A’ —7'r

Y(1S)—=yA®, A’ —u'uw

Y(1S)—=yA®, A’ —invisible
Y(25,35) —yA®, A’ — hadrons
Y(2S 3S)%)/AO A’ = utu
Y
(

38)—=yA", A" —1'T

Other Searches in BaBar (published)

Review by F.Anulli, PASCOS 2015

A'—ete, utu

L —ee, uu,eu, mm, KK, K

A% — invisible

Bottomonium
Y(3S), Y(2S) data samples

Y(39) \

¥(25) /A0
l n*n‘\

Y(15)~= \on

Single y trigger! yA©C
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Other Searches in BaBar

On-going / published
Preliminary studies

Extensive program conducted at BABAR these last years

Search for dark photon Search for dark scalar (s)

ete >y A, A' o e*e, ity and dark pseudoscalar (a)

e'e-—> yA', A" - invisible B - Kls - KOI'I'/ B - Ka — KO
-yl n—oyFl, ¢ — ... B — ss — 2(I'I")
Search for dark Higgs boson Search for “muonic dark force”
e+e- —_ hl Al . hl —_ Al Al e+e- — lJ-+l~|-- Zl . Zl — u+p-
Search for dark boson(s) Search for leptophilic dark scalar
ete" > yA > W W" e*e" — t*1h', h' — p*p- (4 leptons + MET)
Search for dark hadrons Search for self-interacting dark matter
ete- >y + X, mwp— efe, ptpw e'ee>yA'A'A' A' > I'l', '

From B.Echenard, seminar at CalTech, 2015
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Work in Progress in BaBar

10 -0.5 0.0
m, (GeV) A° on—singlet fraction (cosé,)
coupling strength € of dark photons A’, present U.L. NMSSM predictions for BR(Y->yAY)

light Higgs A° in different scenarios

Dominant decays might be Ongoing analysis
' 40 visibl —_— data taken after Sept. 2007
A,A — invisible single-photon trigger and filters
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