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Hidden Sectors
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Hidden Sector (HS)

® set of SM-neutral particles

® charged under additional gauge group

here: extra U(1)
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SM singlets ® in many SM extensions
U(1) breaking of large gauge groups yields extra U(1)s

e.g. compactifications of heterotic or type |l string theory
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Hidden Sector (HS)

® set of SM-neutral particles

® charged under additional gauge group
here: extra U(1),

HS
SM singlets ® in many SM extensions
U(1)s breaking of large gauge groups yields extra U(1)s
DM e.g. compactifications of heterotic or type |l string theory
® good hideout for Dark Matter (DM) )
~! Messenger

® mediates interaction

® here: hidden photon '

I
SM Visible Sector J

SU3)c x SU@2), x U(L)y
® Standard Model (SM) particles and interactions
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Hidden Photons and Dark Matter

HS
interaction via a messenger e.g. ' U@)s
=- phenomenologically interesting features:
,.Y/
SM
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Hidden Photons and Dark Matter

HS
interaction via a messenger e.g. ' U(1),
= phenomenologically interesting features:
® discrepancy in muon anomalous magnetic moment ~
o solved by hidden photon [Pospelov '09]
® signals in DAMA, CoGeNT, CRESST, CDMS SM

o scattering mediated by hidden photon

rise in e* fraction in PAMELA, Fermi, AMS [Arkeni-Hamed et al. 109]

o Sommerfeld enhancement from light force carrier

DM
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Hidden Photons and Dark Matter

HS
interaction via a messenger e.g. ' U(1),
= phenomenologically interesting features:
® discrepancy in muon anomalous magnetic moment ~
o solved by hidden photon [Pospelov '09]
® signals in DAMA, CoGeNT, CRESST, CDMS SM

o scattering mediated by hidden photon

e rise in e* fraction in PAMELA, Fermi, AMS [Arkani-Hamed et al."09]

o Sommerfeld enhancement from light force carrier

DM
v £
® but: no corresponding p-excess in PAMELA iii
A~ VA
DM %

o annihilation via light messenger naturally leptophilic

= MeV to GeV scale hidden photon
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Hidden Photon
HS

® |ow energy effective Lagrangian U(1),

—_

1. = 1. « o - P o
[:eff o - ZFU,Z/F#D - ZX,U,VX#V + %XH«VF#V + im?y’xﬁlx'u + ejétn)AH

SM
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Hidden Photon and Kinetic Mixing .
H

® |ow energy effective Lagrangian U(1),

—_

Loz O — %ﬁwﬁ#" - }Lx,“,)w X R B 4 Lt R, K el :
Y
® dominant interaction: kinetic mixing of hidden & visible U(1)
o renormalisable term with dimensionless kinetic mixing parameter x SM
o integrating out heavy particles charged under both U(1)s

o x generated at loop level: x ~ 1073 —10"*

~

2

6}

[Okun '82; Holdom '86;
Galison, Manohar '84]
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Hidden Photon and Kinetic Mixing .
H

® |ow energy effective Lagrangian U(1),

—_

1. = 1o o o - o o o
‘C'eFf o - EF;H/F#V - ZX;J,UX'LLV + %XUJJF#D + 5’773/ ;LX“ + eJéLmAlJ«
,.yl
® dominant interaction: kinetic mixing of hidden & visible U(1)

o renormalisable term with dimensionless kinetic mixing parameter x SM
o integrating out heavy particles charged under both U(1)s

o x generated at loop level: x ~ 1073 —10"*

~

2

® broken at by Higgs or Stiickelberg mechanism

light hidden photon with m., ~ MeV — GeV

2

[Okun '82; Holdom '86;
Galison, Manohar '84]
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Hidden Photon and Kinetic Mixing

HS

® |ow energy effective Lagrangian U(1)p
1 =% 1g vaZ X g =% 1~2 Y WL T
Eeff > - EF)U,I/F - ZX;M/X + EXL“/F + Emn,/XLLX + efcmA/i ,
® dominant interaction: kinetic mixing of hidden & visible U(1)
o renormalisable term with dimensionless kinetic mixing parameter x SM
o integrating out heavy particles charged under both U(1)s
o x generated at loop level: x ~ 1073 —10"*
. . . ’ g?
® broken at by Higgs or Stiickelberg mechanism Y =
55
light hidden photon with m., ~ MeV — GeV § 2
oS
Y OLE
° di . A . R _ X o 1 €
diagonalize kinetic terms: A, = A, + mxﬂ,, X, mxﬂ, 23

1 a1 w1 o u " m 2
Legt DO — ZF“L»F - ZX/“/X + im»)/X}AX + ejemAu + + O(x")
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Production in e~ Beam Dumps et L hield .

Eo

® ¢ -beam dumped onto target
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Production in e~ Beam Dumps B~

Eo y
® ¢ -beam dumped onto target E,

bremsstrahlung

o -/ emitted from e -beam
in process similar to ordinary bremsstrahlung

highly boosted in forward direction
® production cross section

X2
o, o a7 S~ O(pb)
‘ m?,

[Kim, Tsai '73; Tsai '74; Tsai '86;
Bjorken, Essig, Schuster, Toro '09
SA, Niebuhr, Ringwald '12]
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Production in e~ Beam Dumps B~

Eo y
® ¢ -beam dumped onto target E,

bremsstrahlung

e ' emitted from e -beam
in process similar to ordinary bremsstrahlung

highly boosted in forward direction
® production cross section

X2
o, o a7 S~ O(pb)
‘ m?,

e~ 7
compared to et e~ collider case:
D‘2X2
G',Y/ XX 2 ~ O(fb)
[Kim, Tsai '73; Tsai '74; Tsai '86;
Bjorken, Essig, Schuster, Toro '09
et SA, Niebuhr, Ringwald '12]
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Decay & Detection < target - shicld

E '
_ o 2 NAAAANY
® o/ can traverse the shield ’ Ey
UmE
while no SM background (if shield long enough) bremsstrahlung
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Decay & Detection < target - shicld

e /\/\/\/\é\NV\ ‘

® o/ can traverse the shield ’ 5
UmE
while no SM background (if shield long enough) bremsstrahlung | decay

o -/ decays to SM particles with decay length

Es (107*\? [ 10Mev )
L~ 10cm o <0 > 10Mev ~ O(mm — km)

1GeV X m.
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Decay & Detectlon target 4 shield decay volume

Eo v €
, ) e —— AV VW ‘
® ~' can traverse the shield ) Ey e
ump
while no SM background (if shield long enough) bremsstrahlung decay

e - decays to SM particles with decay length

E 107*\? [ 10Mev ) ®
I, ~  10cm ol ey ~ O(mm — km)
! 1GeV X m.

e detect decay products (mostly eTe™)

® number of expected events:

Nevents ~ /dE,y/ /dEe /d/

energy distribution /c(Eg, Ee, |) of electrons in dump has to be taken into account

do.
dE_,

e—Lsh//m/ (1 o eiLdEC/L“/> BRe+e— N, Ie(E05 EeJ)

Hidden Photons in Beam Dump Experiments 7 Sarah Andreas, IRIDE, 25.06.2013



Events in Experiment

® not all events can be detected

o geometry of set-up and finite detector size

© possibly energy cuts
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Events in Experiment

® not all events can be detected

y [em]

o geometry of set-up and finite detector size

© possibly energy cuts

® Monte Carlo simulations with MadGraph

o four-momentum of produced v’ and decay leptons

o construct tracks and energies for particles in the events

© compare to experimental set-up

= experimental acceptance

[Monte Carlo by Rouven Essig, Philip Schuster, Natalia Toro]
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Shape & Experimental Limitations
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Shape & Experimental Limitations

~" has to traverse shield

for small I,/ < Lgp:
—L
Nevents o< Ne e Sh/l'yl

I’Y' X E,Y//(XZ m?\//)
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Shape & Experimental Limitations

~" has to traverse shield

for small I,/ < Lgp:
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Shape & Experimental Limitations

factor 4
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Shape & Experimental Limitations

~" has to traverse shield

for small I,/ < Lgp:

—Lg /1
Nevents o< Ne e Sh/'yl

I’Y/ X E’Y’ /(X2 m%,/)

enough decays within decay volume
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= independent of m./
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Shape & Experimental Limitations T
1072 E
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103 ]
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Ly o Ey/(X® mi) E
v 10—6? =
enough decays within decay volume 10*7% f
p—l X: C L HH]‘.(‘)‘—Z L ““j‘_(‘)‘—l L wuul
Nevents o< Ne X4 Lyec my [GeV]
= independent of m./
’ Loy Lgec
experimental acceptance .Ni N .
i i T??’\/\/\E/\ e
from Monte Carlo simulations ¢ "
Wlth MadGraph bremsstrah| decay

Hidden Photons in Beam Dump Experiments 9 Sarah Andreas, IRIDE, 25.06.2013



Limits from Experiments e
» KEK Japan (1986) [Konaka tal.'86] ]
® Ey =25 GeV, Ne =27 mC E
® tungsten target, Ly = 2.4 m, Lgec = 2.2 m E
» Orsay France (1989) [Davier, Nguyen Ngoc '89)] *
® Ey=1.6GeV, Ne =3.2 mC ]
® tungsten target, Lgp =1 m, Lgec =2 m E E
107 A
» SLAC E141 (1987) [Riordan et al. '87] ;“'T"TTIT\"_‘__‘—‘_‘_‘—H—m—_él‘:j‘? e
® £y, =9 GeV, Ne =0.32 mC 1072 107t 1

® tungsten target, Ly, = 12 cm, Lgee =35 m m, [GeV]

» SLAC E137 (1988) [Bjorken et al.’88]
® £y =20GeV, Ne=30C
® aluminium target, Lgy, = 179 cm, Lgec = 204 m

» Fermilab E774 (1991) [Bross etal.'91]
® £y =275 GeV, N, =0.83 nC
® tungsten target, Ls, =30 cm, Lgec =2 m

[SA, Niebuhr, Ringwald"12}
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® various experiments

» future searches

® thin target experiments
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Toy Model: Dirac fermion DM Lot g
MESA
10- E
simplest hidden sector with DM E ]
) 1073 IAPEX J 3
® hidden photon 10_4; M~ 7
® Dirac fermion v ~ E ]
107° E
=> extra parameter my, E E
) 10° E.
PP S TIN.S S VIS L 9 ST TS ST S
eff 4 1224 2 122 2 13 h P 1077? 4
_ 8y w E\ P R TY! MU A UTET] BRI THTT] S HE
X=8hge X ® | (01<k <10) 102 100 1 10
m, [GeV]

[SA, Goodsell, Ringwald '11,
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Toy Model: Dirac fermion DM

simplest hidden sector with DM

® hidden photon +/
® Dirac fermion 1
—> extra parameter my,
=2

m_, _ - _
; Xy XVt g byt X my Do

1. o Xy ¢ -
Legf D —;xu,,x"”+?xu,,5”"+

x=aW x r | (01<k<10)

Relic abundance Qh?
® annihilation of v through and into ~/
® t-channel only when my > m.

® s-channel: resonance for m,» =2 my

= % total DM or subdominant component
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Toy Model: Dirac fermion DM

Direct Detection
® mediated by v/
® elastic scattering essentially on p

® spin-independent vector-like interaction
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Toy Model: Dirac fermion DM

Direct Detection
® mediated by v/

® elastic scattering essentially on p

® spin-independent vector-like interaction

N N

DD limits and signals

37 - - T T T T g
1249% DAMIC 3
€ ACDMS RENONIO . 1
e ACDMS “&Eiiiais: SEAR L/
5 . - XENON1
& 10 ~~-IliTIorII
S 104 XENON100
10747 E
5 15 2 >
mou [GeV]

[SA, Goodsell, Ringwald '11, '13]
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Supersymmetric Dark Force Models

® most simple anomaly-free HS:
o three chiral superfields S, Hy, H_ charged under U(1),
o superpotential: W D As SH H_
(assume MSSM in visible sector)
e hidden gauge symmetry breaking:

o radiative breaking domination

o visible sector induced breaking

® DM can consist of stable hidden sector particle

® relation between g and x: x = gn glyﬁfévff

Hidden Photons in Beam Dump Experiments 14 Sarah Andreas, IRIDE, 25.06.2013



Radiative Breaking Domination

® running of Yukawa coupling As induces breaking

of hidden gauge symmetry

o choose masses & couplings at high scale

[SA, Goodsell, Ringwald '11, '13]
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Radiative Breaking Domination

® running of Yukawa coupling As induces breaking

of hidden gauge symmetry

o choose masses & couplings at high scale

e Majorana fermion Wy total & subdominant DM

o axial coupling generates SD scattering

o minor S| scattering

10t

1072

> 1073

25
m,, [GeV]

= SD in reach of experiments Sl bejond reach

Hidden Photons in Beam Dump Experiments 15
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Visible Sector Induced Breaking

® hidden gauge symmetry broken via

effective Fayet-lliopoulos term

[SA, Goodsell, Ringwald '11, '13]
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PICASSO

N\ XENON100
\\

Visible Sector Induced Breaking

® hidden gauge symmetry broken via
effective Fayet-lliopoulos term

e Majorana Wy, & Dirac W fermion as DM

o Wy mostly SD (ke rad. breaking)

o Wp: mostly S| (ike Toy-Model, but mpyy < m._ 1)

e 0.1Zk<10
_"..__’_ LT
¥ .-

1091 4 1 L L L L

~ =1 L 15 25 35
10 10 1.

m, [GeV] m,, [GeV]
= Sl probe WV  SD probe VW, Mow [GeV]  SHM

[SA, Goodsell, Ringwald '11, '13]
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Conclusions

o well motivated in many BSM scenarios and for dark matter

e hidden photons as dark force

o probed with high intensity experiments, e.g. beam dumps
o need short L, to probe large x

o need large N, and/or long Lgec to probe small x

e dark matter in

o viable DM candidates

o provide total & subdominant DM with interesting DD potential
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