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From the 2009 SLAC Workshop on Dark Forces

There are several different experimental ways (on earth) to take a look at the dark world:

» fixed target experiments
* ete- machines —

« rare meson decays < All results with KLOE detector & data set

KLOE/KLOE-2 is an a very good position to probe a light dark sector at the GeV scale:
* It operates on DAGNE exactly at that scale: E_~ 1 GeV

» Most of the interesting dark process cross sections at e*e- colliders scale with 1/s: a factor ~100
wrt to B factories, which almost compensates the integrated luminosity

* It’s a unique place to study some rare meson decays (it’s a ¢ factory, folks!)
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Dark forces at KLOE: outline:
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U boson search in g—nete dec-

Mesons undergoing radiative decays to photons could also decay to a U boson with
branching fraction BR (X—YU) ~¢&? x [FFyy.[* x BR (X—>Y7)

O'((I)—)T]U )z 40 fb for FF(I“’IZ]' and ¢ 210'3 \ form factor

c(p—ne*e’) =0.7 nb
Selected decay chains:

U—e'e andn—ornrna® (BR=22.7%) PhysLett B706 (2012) 251255
n— '’ (BR=32.6%)

Combined result Phys.Lett. B720 (2013) 111

=10°

Irreducible background: ¢ > nee, n — nan
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U boson search in ¢—ne*e decays: 900/_

Di-electron mass spectrum

» No clear signal above background — UL evaluation
» background — fit of the M, distribution excluding the
region around M;; — CLg method
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U boson search In e*e —>H. : :
355 up mass spectrum L
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* undetected small angle photon 67<15°, 9Y>165°

* two opposite sign charged tracks 50°<eu<1300

Results based on only 240 pb-t

potential factor 3 improvement in sensitivity
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U boson search In ete- —>e-

» detected large angle photon 6,<50°, 6 >130°
- two opposite sign charged tracks 50°<0,<130°

* Mg to separate from ppry, ny

3

v’ allows to explore the 2m, threshold region
v'great suppression of t-channel Bhabha
v’ background contamination =1.5%
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U boson search In e+e'—>e+e'y:_

10_4 B T 1 11
a 0
@
| W.
107 | (9 — 2 5% e
B K‘l E S
Vs | (g "‘ Q)M Al
10—6 N fEWOI'ed .’
i o BaBar
I W E7 A48/2 .
—7
10 T |Q‘T |||||||E14|1 L vl L ""'?
1 0 100 1000
mu (MeV /c?)
Pp

V8. Leg .
" B750
(2.

E.Graziani — Dark forces in KLOE — KLOE-2 Workshop - Frascati 2016 8



- + B
U boson search In e*e —>1-
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U boson search in e'e">r'7y: 90% CL upper limits

L=1.93 fb!
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The e*e—h'U higgsstrahlung-

+ h' Very different scenarios depending on

1

" —> m,<m,= “invisible”
i
N 5= 10° - mnf>m_

\ = invisible up to ¢ = 10-2+10!
(0 (01
\ {907 %em > 7,55 ps — Byer > 100m o0
m....~100 Me\/ rapidly increasing with decreasing ¢ depending on m,
u,h’

e U
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entries

_s and 90% CL upper limits
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‘Dark forces at KLOE: summary and conclusi-

0 KLOE searched for a dark gauge U boson in six different processes:

¢ meson decay: ®—nU with U—e*e", n—nnn Phys.Lett. B720 (2013) 111

« Uy associate production: ete—Uy—p*uy Phys.Lett. B736 (2014) 459
Uy associate production: ete—Uy—e*ey Phys.Lett. B750 (2015) 633
« Uy associate production: ete—Uy— 'y Phys.Lett. B757 (2016) 356

* Higgsstrahlung: e*e— Uh'—p*u + miss. energy  Phys.Lett. B747 (2015) 365

O We found no evidence and set upper limits on the mixing parameter €2 (ape?), as a function of

the U (and h’) mass, in the range 10+10-7, depending on the process.
U All these measurements, performed with the KLOE data set, are statistically dominated, so...

U ... the increased DAJNE delivered luminosity and the presence of the new detectors in
KLOE-2 are expected to improve these limits by a factor ... (see next slides).

O New KLOE-2 run is well in progress. Stay tuned!
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U boson search in e*fe—putuy: -
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* Search extended to the full KLOE available statistics: 1.93 fb!
* More similar to the w*my analysis
* Background evaluated with the sideband fitting technique on

the observed spectrum
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U boson search in e*e—>y"ycy: 90% CL upper limits
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U search in e“e"—>y*py + 'y : 909 CL upper limits

black = /11~ + 7wy at full stat
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l Dark forces at KLOE-2

L=1.93 fb!
107%) ‘ OE |
; 2: 2, wﬁ\w\/ N | = The ¢—ne*e” search is no more competitive with
\’, f; S other results in the low mass region and will
10-° :!ﬁ;l, L/ probably be dropped
oo es 5 |
N, \r.,, DES E |
‘M* Al \X » The most important new detector for the dark
10 BaBar | forces search is the Inner Tracker
/
| JQO I . .
L INA48/ 4, * Improvements in both mass resolution
1077 ST TR R me_asurement apd vertex p-o_smon reconstruction
My (MeV) (still to be precisely quantified)

Our projections for KLOE-2 assume:

« L=5fbfully available for analyses
« 30% improvement in mass resolution (S/N ratio)
« 2+3 improvement in vertex position (K= rejection).

E.Graziani — Dark forces in KLOE — KLOE-2 Workshop - Frascati 2016 18



104

| | | |
0 200 400 600 800
My (MeV)

E.Graziani — Dark forces in KLOE — KLOE-2 Workshop - Frascati 2016

19



U search in ete— e*ewy, utuy, mtay: K_
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U search in ete— e*ewy, utuy, mtay: K_
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X boson at 17 Mev?-
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X boson at 17 Me_

Protophobic interpretation

Decay (Iepton) coupllngs
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The e*e—h'U process at KLOE-2

on—peak

200 -
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With a better vertex resolution up to a farther

factor 3 reduction of K* back%

Mass resolution improvement in principle affect both p*u- mass
and missing mass (only invariant mass taken into account)
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The e*e—h'U process at KL(-
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The e*e—h'U process at KL-
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The e*e—h'U process at KI-
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The e*e—h'U process at KLOE-2

Only on-peak projections (no DAPNE/KLOE-2 official schedule for an off-peak run)

Possibility to add the e*e- + missing energy channel

» increase statistics (combine)
» gain access to the m_;<210 MeV region

Possibility to study the m,,>m,, scenario

> 6 electrons final state, 3 x e*e-pairs at the same invariant mass, 2 x e*e-pairs at h' mass
» might give access to the m;=17 MeV region
» feasibility to be demonstrated
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'Leptophobic B boson search at KLOE_

Y
o 1* B boson couples mainly to quarks

z 1* Most basic model — coupling to baryon number
= 0.1 3 ;
= 0B gp S 1072 x (mp/100 MeV)
= | & =5 q7"4B, 7 : .
;; 0.0] 3 ap =32 < 107 x (mp/100 MeV)?
~
nal

L B, B—n? 980

0 200 400 600 800 ¢—nB, B>n’y same as aO( )
i [MeV] * N—By, no>nlyy

Decay — B—ete B — 'y B—ntaa

Production | mp ~ 1 — 140 MeV 140-620 MeV 620-1000 MeV B — ny

' — By = etey

n— By n—etey — 1] = VY

iy — By W —etey iy — alyy W — nta n = nry

m —=nb (rr — e’ e (1) — .ipr“}* see

¢ — nB ¢ —ne e —) ) — 'y

5 v final states. Both processes currently investigated
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| Dark forces at KLOE-Z_

e — Y

v = very light dark matter
Y NOT excluded by present limits

U X
ot - w< could explain (g-2),,
ge(=€€) g X

X

102

monochromatic photon

E, = (s-my?)/2Vs

A single photon trigger has been
setup and is currently in test phase,
with a threshold at ~ 350 MeV.

wm—“—

new NAG64 result, arXiv

1610.02988v1 (Oct 10)

two week run in July
1074 -

102 10t 1 10
m ., GeV
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| Dark forces at KLOE-2: invisiblq _

preliminary evaluation: sensitivity at the e~10-3 level with L=2 fb!

lu—!

lﬂ—!

Belle 11 expectations seems to be
MUCH better than simple projections
from BaBar limits, even with phase 2
expected luminosity

Time for KLOE-2 is NOW

1ot liph 0.3 1 10
m ., GeV
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Dark forces at KLOE-2: summary and conclusions

0 KLOE-2 sensitivities for e*e'— e*ey, utuy, ntwy will benefit of the
increased luminosity and of the presence of the IT detector

O Expected exclusion limits should remain competitive. In the ete— p*uy +
n*ry the should stay well below the BaBar ones above 500 MeV

0 KLOE-2 sensitivities for the dark Higgsstrahlung search will benefit of the
increased luminosity and wll greatly benefit of the presence of the IT

O The search for the invisible decays of the dark photon is just started and
look promising

O New ideas are coming (leptophobic dark photons, axions, ...). More new
ideas are welcome!

THANK YOU!
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