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Low energy dark forces

Several unexpected astrophysical observations (PAMELA, ATIC, INTEGRAL,
DAMA/LIBRA, CoGent...) could be explained with the existence of a hidden
gauge sector weakly coupled with SM through a mixing mechanism of a new

gauge boson (U’ A” V) with the photon: [Arkani-Hamed et al. PRD79 015014 (2009)]

[Essig et al., PRD80 015003 (2009)]

v U mass range: 1 MeV — few GeV

v Coupling constant of electric charge to U: ¢ £ 103

v U production/decay through photon mixing
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Constraints in  ¢-M|, plane, beginning 2011

(g—2) (g—2), BaBar Y(3S5) — A'y— (u"u")y

DAMA/LIBRA

Estimate from BABAR
search of a light scalar
particle in Y decays

SN 1987a O Lomeredl v s 5 engusll s

107 10" 1
M. (GeV)

Most suitable region for U boson search unconstrain ed
up to one year ago
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Drift chamber

% Gas mixture90% He + 10% CH,,
% Op,/ p; <0.4% (0>45" )

* 0,, =150um ; 0,=2 mm

Electromagnetic calorimeter

* lead/scintillating fibers

** 98% solid angle coverage
 og /| E=5.7% /V(E(GeV))

% 0,= 57 ps N(E(GeV)) O 100 ps
s PID capabilities

KLOE integrated luminosity:
2005: 1256 pb —1
2004: 734 pb-1
2002: 320pb -1
2001: 172pb-1

2005

2002

2001
™

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

DA®NE: ee~collider @ Vs ~ 1020 MeV ~ M,
Gpeak -~ 31 Iub
KLOE: 25fb* @ Vs = M, (~8x10° ¢ produced)
+ (off-peak data)
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Search for dark forces @ KLOE

# Meson decays : ¢p—nU, n/n’—Uy ...
Peculiar of a light meson factory

# ete” collisions :efe —Uy — {7y

X-sec « 1/s j>

100 times higher at DA®NE w.r.t. b-factories R
Compensate lower luminosities U

# h’-strahlung : ete —U*~UN’

If the hidden simmetry is spontaneously
broken by a Higgs-like mechanism,

the existence of at least one other
scalar particle, the h’, can be postulated
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Search for dark forces @ KLOE: ¢—nU

Meson having radiative decay to one photon can decay to a U boson
with BR(X—YU) ~e2x [FRy, |* X BR(X—Yy)

o(¢p—nU) ~ 40 fb for FF,, =1,e=10"

. ¢ Dalitz decay

myxy — my (MeV)

BR(X — Y + «)

BR(X — Y + £+¢)

X —-YU nx =
n— YU n, ~ 107 547 2 x 39.8% 6 < 1074 2 x 1032
w — 7Ol N ~ 107 648 8.9% 7.7 x 1074 5x 1072 All KLOE stat
stat.
& — nlU ng ~ 1010 472 1.3% 1.15 x 1074 <1 x 1073 .
. " : ) —All decay chains
I\A'ﬂ — ~l ”Kg ~ 10** 497 23 (5.5 > 10 ™) 9.5 x 10™™ 2 10"
K*Y - #ntU |ng+ ~ 101° 354 288 x 1077 7 x 1073
K+t - utoU|ng+ ~ 101° 392 6.2 x 1073 7 x 107 8¢ 2 x 1073
K+ — etvlU|ngy ~ 1010 196 1.5 x 105 2.5 x 10~ 8 7 % 103

Selected decay chain:

[M.Reece and L.T.Wang, JHEP 0907:051 (2009)]

U—ete™ + n—ata—nal

(BR =

22.7%) Published

n—yy/ 70%7%Y (BR =39.3/32.6%) In progress
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The ¢p—nete , n—a*n-n?, decay

Analysis performed on 1.5 fb 1

BR(p—nete) = 1.15x104 : ~123,000 events from irreducible bckg

» 4 tracks in a cylinder around IP
+ 2 photon candidates

» Best rtz~yy match to the » mass

using the pion hypothesis for
tracks. Other two tracks assigned
to e'/e”

> 495 < My,, < 600 MeV
70 <M, < 200 MeV T———

535 < M (€8 < 560 MeV

_ o
40000 -| p—NETE
30000 -
20000

10000 |-

> Photon conversion + ToF cuts

Recoil mass to the e*e"pair after M,,, cut

| Data .
| 9y

| p—K K-

0, B 0 e e )
400 450 500 550 600 650 700 750
Mrecoil(ee) (MeV)
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Background rejection: photon conversions

Photon conversions on Beam Pipe/DC Walls
rejected by tracking back to BP/DCW
surfaces the two e, e candidates and
reconstructing the ee~ invariant mass
(Mo and the distance between the

two particles (D). Both quantities are
small if coming from photon conversion

Rec. vertex
£ [ Dat 60 Fgonere |Jrew) Fo 4000
N - —> - —>
o 4 dla 140 4 F n 14004 F Y 3500
3 ; 120 | ¢ 1200 , 3000
A 3F 100 3 F 10003 F 2500
) Hso =800 , | = 2000
: H60 | H600 “ | — 1500
1E 140 1F | g 400 | — 1000
. . H20 | | H200 . . — 500
002550 0 V9550 "V V9550 Y
M_. (MeV) M_ (MeV) M_. (MeV)
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Background rejection: m-enriched events

A fraction of p—KKbar and ¢p—nt7~7" events survive analysis cuts.
They can be rejected using Time-of-Flight (ToF) to the calorimeter
when an EMC cluster is connected to the track

DT =T, .o~ Touster Variable evaluated
In both electron (DT,) and pion
(DT,) hypotheses

p—onete” p—KK,

90
80

16000

14000
70

R
= _
Al 12000 2 F
i 10000 _ 0
[ 50
0 ; Ssoo0 OFf - a0
: 00 | fg Events with ef/e” candidate
A - W B . . -
......... T e do ool with connected cluster outside
-4 -2 0 2 4 -4 -2 0 2 4 .
DT, (ns) DT, (ns) a 30 DT, window removed
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Data-MC comparison

4000 _
| e Data _ \ +
000 | Al M(': * 'HJ'”"""I
. ¢ Dalitz 200 - Lty l'
| ¢—)K +K B llbl:'“. “"'k,-irl!l" . "' | ‘I“ * "
» ho
2000 1 ﬂ | + nl
¢—>77y 100 |
i | I
1000 A
: ST
| W
0 ™56 100 150 200 250 300 350 400 450500 0 0.0 02 03 04 05 0.6 0.7 08 09 1
M. (MeV) cosy

» ~14000p—nete-with n—a*n~n0 candidates
» Just very small residual contamination fromg¢—ny events
» MC M _, shape from VMD with FF slope from SND (213 eventgpLB504(2001) 275]

Extract directly from our data!
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Fit to the M _, shape

Decay parametrization from L.G. Landsberg, Phys. Rep. 128 (1985) 301

d Neg-ne'e)_ alFy, (q)l

dg®> (¢ - 3
L x2/ndf=2.1
2 0
x(“ 2m j" e O ) Am’ 104_ 2.8% error on FF slope
q m,-m; ] (m;-m;)’ '\ [SNDO1:b, = (3.8£1.8) GeV7]
- J. 10 3-_
F(q%) = ;
() 1 —g2/A2
- ] | | %
FF slope: 10 Smearing matrix ﬁ
b=dF/dq-|,2—9 - not included
by = Af ~ 1/m? ~1 GeV 2 050 100150200250300350400450500
@ n )

M., (MeV)
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Exclusion plot for number of events

» ¢—nU MC sample [M.Reece and L.T.Wang, JHEP 0907:051 (2009)]
divided in subsamples of 1 MeV width in 5< M;,<470 MeV

» For each M, sub-sample, average value of p—ne*e” background from
fit to M. distribution, excluding the 5 bins centered at M,

» For each M value, signal hypothesis excluded @ 90% C.L. using the
CLg method (error on bckg included)

100 |-
s

<M o?a-s 4’¢- x

0 L ?ﬁwﬁwxﬁ |~"="‘|’ PV OV ,\éﬁ'
0 50 100 150200 250 300 350 400 450 500
M, (MeV)
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Exclusion plot for o/«

UL on a’/a = €2 takes into account:

o'/

> the kinematic factors

-5
.ﬂ,m(mi,m;,m;) 10 ¢
A (my. m;: .0)
[Reece-WangJHEP0907:0512009)]

F{ﬁi_}ﬂﬂ)z 2 2\ 2
rgomn &

KLOE
PLB 706 (2012)

1
o T T T T 1

- APEX

. . 10
> the opening of the U—u*u - PRL 107 (2011)

threshold

MAMI
PRL 106 (2011)

-7
0 100 200 300 400 500
M, (MeV)

10

a’la $2%x10-5 @ 90% C.L. for 50<M ;<420 MeV
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¢—nU: other ongoing studies

Preliminary studies on n—yy and n—a’z%z" decay channels
produce encouraging results

- & Entries 18079
E i —> .;:: BUUUZL —>.7'[0.7'[0.7'[0 M 65.1
< 7 n—vy LE ! n ean :
S 000 L t:1'7 fb~1 000~ | . t:1'1 fb—1 RMS  96.01
S ] In - in
[ 3000
¢ ]
2000 | -
i 2000
! !
1000 | o
1000 —
:'
i "o e -
Wﬂ“‘mﬁ I MW-F U T
05 00 00 200 100 0 50 100 150 200 250 300 350 400 450 500

M(e'e) (MeV) MeV

U.L. can be improved by a factor =2
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luminasity/1e28

DA®NE upgrade X DA®NE run for KLOE-2

originally scheduled for 2010
DA®NE: new interaction scheme with
large beam crossing angle + sextupoles % First collisions end 2010, but
for crabbed waist optics long machine shut downs due
to severe hardware problems

45000

- Sllm Lhew ~ 3% Log
awon |- e - ’ X DAO®NE commissioning
i | B started on November 2011
'New scheme /"
20000 1 \ X December 2011
' L=14x10%2cm2s?
25000 | ‘
CRAB Optics -
, [t | ZUDIZDDBpDalin average with 0.9 mA + 0.7 mA
sl i B 21/12/2008 Best fil (as best KLOE run with
5000 |- Olc{scheme 1.8A+ 1.3A)
sl “'""mdl- "wl-
R 4 T | X After Christmas shutdown,
s000 |- | 12/04/2007 Finuda best optimization of optics still in
¥ st .- B 00/08/5003 Kioe bes progress = not stable running
T T T T TR T TR yet

120*Amp’ /Nbunch
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HET - -

A sensible improvement of the ¢—»nU analysis can be
obtained from a successfull KLOE-2 run
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Perspectives on ete"—Uy @ KLOE/KLOE -2

Production x-sec for on-shellU y @ DA(I):(IS%E

¢ i_-__w b £ -“___-WW : o
1" I ! LI
! ]L'I_‘Er i LN
o rnlec cnt o, ey ---.-,;-:,*’ 10° g
| _-‘__._W\’{r B '_""—""V‘}f\.rq:z ;' ”Hé_":— ORI EF_#:"‘ o g
U \ m—fl,_-d_F—-""r-_ N \10-5 8
P 1 D
S : . o g
» Huge (not-resonant) QED bckg o \m_: o
G
TEI o e =
» 103 events/fb - produced for &~10-3, = «-ww \m_@ >
: : n
with few MeV mass resolution P A o

[ 107!

g (Oeh)

For low masses and low couplings the lifetime of the U boson becomes long and
pontentially measurable:

yer ~ 1mm (y/10) (10~%/£)* (100 MeV/My)

The KLOE-2 IT detector, under construction and planned to be installed in fall 2012,
will provide two-track vertex position with an accuracy of 1-2 mm
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Search for U boson @ KLOE: h’-strahlung

U etec— Uh' (dominant if m <m)

] 2 2
. 20fbx(a )( £ leZGeV

a )\ 107 S
[B. Batell, M. Pospelov, A. Ritz: PRD79 (2009) 115008]

m>m,:h — UuU — 4

m,<my: i’ Y “invisible” Feasibility studies performed
U— _
£=10°) g, ,=201b
a’=oa increasing with
m,>=>m, Th = 10,uS decreasing €

Signature (in the hypothesis that the U decays only to

SM particles): a pair of leptons + missing energy
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Feasiblility studies for

600

)

Mrecoil (Mev

400

200

h1

-strahlung

U—u*u~ final state

_ L=1.65 b1 @ ¢ peak
KK ™—utu=—vy
' WY
i Tty

!

M, (MeV)

A signal would show up as a sharp
2D peak with =10 events for ¢~10 3

Possibility for a long KLOE-2 run at

coaa e b b b b b b b b o P L
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L=0.2tbt @ 1 GeV

-II
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could be rejected with 7r/u PID

o b b b b b b b b e b L
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Vs = 1 GeV under discussion

22.5

20

17.5

15

12.5

10

1.5

5

2.5

0

S. Giovannella— La Thuile 2012 — KLOE searches on [Farces

19



Conclusions

X Several intriguing experimental hints suggest that a ‘secluded world’,
with manifestation at low energies, could explain the puzzle of the
dark matter

X KLOE/KLOE-2 experiments well suited for the search of the boson
mediator of this dark force in a wide mass range and with different
production mechanism

X The most advanced search is through the ¢—nU, n—atn—a", decay,
which allow to set a limit of:

a’Ja<2x%10-5 @ 90% C.L. for 50<M ;<420 MeV

X Further improvements in progress in other n decay channels, together
with feasibility studies for e'e——Uy and e'e—UN’

X The KLOE-2 run might explore weaker couplings and cover a larger
portion of the interesting parameter’s space
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Peak luminosity [em-2 s-1]

P. Raimondi @ LNF SC, Jan 2012

S. Giovi
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Specific Luminosity

st
sp I +n I #
sb sb

L

*,=0.1810 nominal tunes
#,=0.1615
betratron coupling optimized
*,=0.1690 e* tunes lower
#,=0.1605

At low currents L, exceeds by 3
times the best value measured
during the past KLOE runs



Experimental searches at low energ

1
i

% ete” collisions : efe"—-Uy— {t{y
Huge (not-resonant) QED bckg

1es

U

s Meson decays . meson having radiative decay to one
photon can decay to a U boson with

Bethe-Heitleg

BR(X—YU) = £2 BR(X—YY)

% Fixed target e *-N scattering :

_i.r n Radiative
!r—l': i JEI g g = T ':"h
i T ; ]
Eqi(l—ux) o
5 &
(@) Y
% Same kinematics
Nucleuns a3Z2e2 (C  as signal,
7~ ———~ (10 pb) 0 IRREDUCIBLE:
ke {excent vertex)

Larger rate, reject
using very differe
kingmatics

nt
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Background reduction on data

™ Removed by conversion cut
Removed by ToF cut

(7 After M ..i(ee) cut [\

l()jr

R

3-dim. opening angle
betweene*e-

40000 F
[ M Final distribution
30000 F
20000 F
10000 [
%00 300 400 500 600 700 800 900 1000
M recoil ‘(ee) (MeV)
4000 )
10
3000
2000
1000 B
0 e~
0 50 100 15

0 200 250 300 350 400 450 500
M, (MeV)

-1 08 06 -04-02 0 02 04 06 08 1

cosy
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Selection efficiency and mass resolution

Total selection efficiency
between 10% and 20%

—
W
]

<
]
|

®eety0qe P 000 ¢ +
.....t Lhd PR R o

0"50 100 150200 250 300 350 400 450 500
M. (MeV)

)]

Gy o0 (MeV)
N
I

Mass resolution for signal
events: 1-2 MeV

I P IS I AT SIS AP T PR
00 50 100 150 200 250 300 350 400 450 500
M, (MeV)
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U.L. evaluation: the CL¢technique

Reference: T. Junk, Nucl. Instr. Meth. A 434 (19994 35.

 expl=(S; +B)]x(S +B,)"

i+2 1 N. |
X = X = i=i—=2 . |
|_|2 | = exp[=(B,)]x(B;)"™
i=i=2 NII

N. : number of observed events fhkin
B, : number of expectegl—ne*e”
events from fit to M,shape
S  Ngxfi [ f; = fraction of DF signal
events int bin ]

CLS+B = S+B(X = Xobs) =

1 expl=(S +B)IX(S +B)™

X({NihsxdNihizi=2

N, !

CL g evaluated using TLimit class in ROOT

“ ¢—nU MC sample divided in sub-sample of 1 MeV in {ttue)
% For each sub-sample evaluate@tr 0<<S(MAX) using 5 rec. bins
% Signal hypothesis excluded @ 90% C.L. when Ck0.10
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The p—nete”, n—yy, decay

» 2 “electron” tracks (ToF)
In a cylinder around IP +
2 photon candidates

» Photons back-to-back in
n rest frame

» 950 < M, < 1150 MeV
O
O
e
(= O)" . '
d -7 . MC: Uee Signal MC: ¢—ne'e Dalitz
P vl Y2 o= 2 5 05 o 0s it -1 Y 2 X 1

1
cod, cod,

Most severe background from double radiative Bhadyaants is strongly
reduced by looking at the angle between the chargells and the photons
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The p—nete”, n—yy, decay

Residual non-Bhabha background can be rejecteaibg further electron
identification based on E/P for both tracks

2

ENTRIES 52811

1.5 2

E/P,
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Feasibility studies for h’-strahlung

MC signal according to: B. Batell, M. Pospelov, A. Ritz: PRD79 (2009) 115008
v U—e'e not selected by our Event Classification algorithms

v U—u+u~ selected with high efficiency for m, <300 MeV  mmmp %ﬁlaer%ee?

» QED background suppressed because of:
v" high detection efficiency for y’s of the KLOE calorimeter
v missing energy = missing momentum for y’s but not for

massive particles

v angular distribution of higgs-strahlung sin36

» Large contamination from ¢—K*K~—u*u~vv background
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efe—hU, U-Pu- @ ¢p—peak

Selection: ~600

* 1 vertex @ IP, two (associated) tracks"y
with associated clusters in EMC
* (;+0,=0

* Total (missing) momentum direction = 400

recoil (M A\

in barrel
* p;< 460 MeV
* p,< 460 MeV
*p,;+ p,> 450 MeV
®* Priss 40 MeV
* Tight cut on vertex-IP distance

200

* No hits in EMC but the ones associated
with the 2 tracks (calorimeter veto)
* PID: two muons &/ and pur)

Data, L=1.65 fbl

K K™—uru-vv

b Rejectp—m+a~n° background

Efficiency for MC signal: (15-+40)%,

depending on m, m,

coaa e b b b b b Loy
0 100 200 300 400 500 600 700 800

M, (MeV)

A signal would show up as a sharp 2D peak with 10 events or less

I EEEIE I
900 1000

90
80
70
60
50
40
30
20

10

0
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Higgs’-strahlung: signal efficiency

All u masses, 100 MeV

0pg tag 80 %
parrel 65%
0, ,< 460 58%
0,+p, > 450 | 58%
veto cal 53%
Prmiss> 40 23%
vtXx cut 35%
PID (e/pn) 30%
PID (Tvn) [120%

Apply Wu ID only when kinematics is compatible

Efficiencies:[115%+ 40%

recoil

Hp
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Higgs’-strahlung: particle 1D

5000 |—

neuron output neuron

U - n>0.8n n>0.8 ——¢,, [188%,¢,,[110*
e - m<0.2n n,<0.2 — ¢, [089% (Bhabha, data)

n>0.5 - €,=85% ,€,7=15%
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DA®NE: the Frascati ¢-factory

e e*te collider @ Vs= Mg
e 2 interaction regions

e Separatee" e rings

e 105+105 bunches

e 2.7 ns bunch spacing

i
e

LINAC

25 1550 MeV e+

o 17 e~ 2.4/L5A - 800 MeV e-
_|
* Oss 2%12.5 mrad )
_|
TEST
BEAM
FINUDA u

DA®NE-L

ACCUMULATOR
510 MeV

luminosity,/1le23

Best performances (1999-2007):
» Lea= 1.4x10%2cm—2s™1
> [ Ldt= 8.5 pbl/day

45000

404000

35000

3pooc

25000

20000

15000

1000

5000

2008, new Iinteraction scheme:
L new 3xL old

r"_'..l_il_ﬂl'-!ﬁ;-_ N
- F.]"_
& N h Ir.r !
- New scheme, i '\|
= rﬁﬂillll : i
I | |||
;ll:‘-n: | .
A CRAB Optics
it B 21/12/2008 Daly averac
B £ Bl :1/12/2008 Best fill
- & 0Old scheme
i II 3 ﬁﬁfﬂ i
L ;.‘-'F T +1]+\,fr*1“ﬁ+pﬂ’"m
il ,.*JH A 12/04/2007 Finuda besft
i3 Il i 16/09/2005 Kloe best
I e 06/08/2002 Kloe best
:‘}Tﬁl |_|| | (I |_||| | | | ||||||||| [
© 0.5 05 0.8 1 L5 15 1.5 2 23 2.5

120*Ang /Nburc

Machine commissioning for KLOE-2

In progress
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From KLOE to KLOE -2: yy taggers

Detector upgrade for the first KLOE-2 run: 2+2 taggers to detect
momentum of leptons in e'e—etey*y*—ete X

LET : E=160—-230 MeV

> Inside KLOE detector
> LYSO+SIiPM
» S5:<10% for E>150 MeV

HET : E > 400 MeV

» 11 m from IP

» Scintillators + PMTs
» og ~ 2.5 MeV

> o~ 200 ps
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From KLOE to KLOE -2: IP detectors

Major detector upgrades for second KLOE-2 run:

INNER TRACKER

» 4 layers of cylindrical triple GEM
> Better vertex reconstruction near IP

» Larger acceptance for low p, tracks

QCALT —

» W + scintillator tiles + SIPM/WLS
» QUADS coverage for K, decays

CCAL

» LYSO + SiPM
> Increase acceptance for y’s from IP (21° —10° )
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