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Axiom 1: Dark Matter exists

L= Lsy+ Lpm
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Axiom 1: Dark Matter exists and interacts with SM

L= Lsy+ Lpy+Lix

o ey J
Lopiz = E :kZ]@SM@DM

ij
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A simple way

SU(3)e ® SU2); @ U(1)y
Lsm = Ly + L+ Ly
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A simple way

SUB)e®SU2),@U)yoU(1)pu®. ..

Loy = Loy + LSy + Loy
Loy = L5 = M, ~ 50 - 100 GeV (WIMP)
+
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Motivation

e Compatible with a number of theories;
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Motivation

e Compatible with a number of theories;
e it would be possible to explain some experimental data:
o PAMELA, ATIC, EGRET, INTEGRAL, DAMA, FERMI ...
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Astrophysical sources — difficulties
5 of 23 Axiom 2: Data due to DM
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An excess of e™ without p

WIMPS (m > 10 GeV) annihilation would produce too many ~
e X U

hep-ph[0810.0713] - Arkani-Hamed, Finkbeiner, Slatyer, Weiner
A Theory of Dark matter
Luca Barze University /INFN of Pavia U boson at e e~ Colliders
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http://arxiv.org/abs/0810.0713

From Particle Physics. ..

e No observations in Z decays at LEP;
e strong suppression of the couplings with v;

e compatibility with existent data (e and u g-2, beam dump);

. From Astrophysics

e Annihilation rates > weak interactions;
e constraints from v-rays and radio fluxes.

e constraint from the low energy positron component of Cosmic
Rays.
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Predictions are testable: anomalous magnetic moment
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hep-ph[0811.1030] - Pospelov
Secluded U(1) below the weak scale
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http://arxiv.org/abs/0811.1030

Predictions are testable: beam dump

Y
target

hep-ph[0906.5614] - Batell, Pospelov, Ritz
Exploring portals to a hidden sector through fixed targets
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http://arxiv.org/abs/0906.5614

Predictions are testable: beam dump
Y
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Exploring portals to a hidden sector through fixed targets
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http://arxiv.org/abs/0906.5614

Possible discovery channels
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A really difficult channel
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A really difficult channel
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Necessity of a very accurate event generator
‘ W + y‘:'< + -+ 14 terms for eT, 6for,u$

ALPHA

/ /. Exact tree level calculation:

BabaYaga

o very well tested generator.

hep-ph[0607181] - Balossini, Carloni Calame, Montagna, Nicrosini, Piccinini
Matching perturbative and Parton Shower corrections to Bhabha process at flavour

factories

hep-ph[9507237v1] - Caravaglios, M. Moretti
An algorithm to compute Born scattering amplitudes without Feynman graphs
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http://arxiv.org/abs/hep-ph/0607181
http://arxiv.org/abs/hep-ph/9507237v1

BabaYaga

A MCEG for eTe™ — eTe™, "™, vy processes at flavour factories.

e Common used for measure flavour factories luminosity:
o (g - 2>Ha Ra AOéhazd;
o theoretical error ~ 19 (O(a?)) for first order processes.

14 of 23
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http://www.pv.infn.it/hepcomplex/babayaga.html

A tool for Light Dark Matter at Leptonic Colliders

e Exact tree level calculation for the process
ete” = U, Z,v = 1T
e exact three body kinematics;
e vacuum polarization — HADR5NO9 or HMNT;
e radiative corrections — structure functions of the electron;

e theoretical error O(«) (second order processes).
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BabaVaga interface

INPUT

[ type "run" to start generation,

"legenda"
fs ]
ecms
thmin
thmax
zmax

]
]
]
]
emin ]
]
]
]
]
]

el R ]

nev
[ path

[ ntuple
[ menu2
[ menud

for help or "quit" to quit ]

final state = ee

CoM energy = 1.020 GeV
min. angle = 20.000 deg
max. angle = 160.000 deg
acollinearity = 10.000 deg
min. energy = 0.408 GeV

10000000. events will be generated
files saved in test-run/
ntuple creation no
the second menu is on
the dark matter menu is on

Second Menu (inner parameters):

[ arun ]
[ mode ]
[ eps ]
[ ord ]
[ model ]
[ seed ]
[ nphot ]
[ nwrite 1]
[ nsearch ]
[ verbose ]
[ sdmax
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[

alpha running is on

requested evts. are weighted

soft photon cutoff = 0.0005
corrections at exp order

model for corrections is matched

seed for RANLUX 700253512

max. number of photons mode is -1
file(s) dumped every 1000000 events
events for maximum searching 5000000
verbose mode (for debugging) 0
starting "sdifmax" 0.100E-17

OUTPUT
e Cross section;
e distributions of useful quantities;

e simulated events.

U boson at



DM interface

Dark matter Menu:

[ darkmod ]
[ massU ]
[ gammaU ]
[k ]
[ gaxU ]
[ egmin ]
[ thgmin ]
[ thgmax ]
[ massmin ]
[ massmax ]
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The U channel is off

U mass = 0.400 GeV

U width = -1.000 GeV

vect g = 0.001

axial g = 0.000

photon min energy = 0.020
photon min angle = 20.000
photon max angle = 160.000
min invariant mass=  0.000
max invariant mass=  1.020

if I' < 0 only decays into SM particles are take into account;
possible axial coupling constant (almost ruled out by data).

ca Barzé
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A possible signal

efe” = Uy = pruy,efey

10*
10%

102

Cross Section (nb)

10 ,

| 1 | | | | |
01 02 03 04 05 06 07 08 09 1.0
Me+c=jpt =

Final state invariant mass for different ¢ and my;.
e Huge background on ete™
18 of 23
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Statistical significance

#S

L(osm+v — osMm) N :
= =V > 5 for discover
V#B Losm VOISM Y

SuperB/SuperBELLE 4

Belle/BaBar =

A A

CLEO/BES |E

hep-ph[0904.1743] - Reece, Wang
Searching for the light dark gauge boson in
DA®NE v
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GeV-scale experiments
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http://arxiv.org/abs/0904.1743

Simulation’s results
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Simulation’s results
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Linear Collider - GigaZ

35

ALEPH

Accurate study of Z
properties

o (nb)
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A lot of work to do!

e Experimental:

o analyze existing data;

o produce new data (flavour factories, beam dump);
e model builders:

o explain the experimental data;
o explain ALL the data at the same time;

e phenomenologists;

o describe other possibile signatures;
o prepare accurate event generators.

22 of 23
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Other useful references

>
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Pospelov, Ritz
Resonant scattering and recombination of pseudo-degenerate WIMPS
hep-ph/0803.2251

Zhu
U-boson at BESIII
hep-ph/0701001

Bjorken, Essig, Schuster, Toro
New Fixed-Target Experiments to Search for Dark Gauge Forces
hep-ph/0906.0580

Bohem, Fayet
Scalar Dark Matter candidates
hep-ph/0305261

THANK YOU!
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