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A Leptophilic Model
Motivated by PAMELA

Based on Baek and Ko, arXiv:0811.1646;
JCAP 0910.011 (2009)




U(1)., 1. model

® Anomaly free subgroup of SM : one of
B — el el o Lo g

® Least constrained one : Li— T

@ Foot, He, Volkas, et al. in late 80’

@ Baek, Deshpande, Ko, He : muon g-2

@ PAMELA positron excess and collider signature
(Baek and Ko)
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Liodel = LM + LNew

1, - *
LNew = =724, 2" +YpiD - yp — Myp,Yp¥p + Dud™ D"

(0" 0)° — 50" — Appd ¢H H.

Here we ignored kinetic mixing for simplicity

D, =0,+1ieQA, +1

We will study the following observables:
Muon g-2, Leptophilc DM, Collider Signature
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—a>M = (302 £ 88) x 107 M.

L

2miaz2(1 — ) o QmZ

zimz + (1 — a:)M;, 2 BME,
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Prediction for muon (g-2)
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FIG. 2. Aa, on the a vs. my plane in case b). The lines from left to right are for Aa, away
from its central value at +20,4+10,0, —10 and —20, respectively.
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Collider Signatures

_|_

Z/ — M+M_77 T ,ValVq (Wlth Q= [l Or ’7'), wD@D )

N(Z — ") =T(Z = rtr7) = 20(Z = vu,) = 20(Z — v,0,) = T(Z = Ypiip)

1OOGeV)

The dominant mechanisms of Z productions at available colliders are

_ o o
qq (or eTe™) = 2 - ptp Z 7t Z
/ /
— 2" = v, 0,2 Vv Z
There are also vector boson fusion processes such as

WHw— — VMDMZ/ (or ptp~7),

Z2°7Z° — v, p,Z (or pTu"7),
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Figure 1: The relic density of CDM (black), the muon (g — 2),, (blue band), the production cross
section at B factories (1 fb, red dotted), Tevatron (10 fb, green dotdashed), LEP (10 fb, pink
dotted), LEP2 (10 fb, orange dotted), LHC (1 fb, 10 fb, 100 fb, blue dashed) and the Z° decay
width (2.5 x10~6 GeV, brown dotted) in the (log,, @ ,log,, M) plane. For the relic density, we
show three contours with Qh? = 0.106 for M, = 10 GeV, 100 GeV and 1000 GeV. The blue band
is allowed by Aa,, = (302 £+ 88) x 10~ within 3 o.
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Figure 2: In the left (right) column are shown the branching ratios of the lighter (heavier) Higgs
Hj(2) into two particles in the final states: t¢ (solid in red), bb (dashed red), c¢ (dotted red), ss
(dot-dashed red), 77 (solid orange), pi (dashed orange), WW (dashed blue), ZZ (dotted blue) and
Z'Z' (solid blue) for difference values of the mixing angle o and tan 3. We fixed Mz = 300 GeV.
We also fixed My, = 700 GeV (Mp, = 150 GeV) for the plots of the left (right) column.
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Figure: Sommerfeld enhancement factor along the constant relic density

lines. v =200 km/s.
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B PAMELA (2009)

—— Background

s DM M=2000 (GeV)
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® Fermi (2009)
m PAMELA (2009)

—— Background
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PAMELA + FERMI with bkgd x 0.67 and
large boost factor ~0O(5000)
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Fit to PAMELA data Fit to PAMELA, Fermi LAT, and HESS data

NFW MED, BF=1574, x2. /dof =201/50.
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Fit to PAMELA, Fermi LAT, and HESS data Fit to PAMELA, Fermi LAT, and HESS data

NFW MED, BF=3044, x2. /dof = 104/50. NFW MED, BF=5198, y2. /dof = 53/50.
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SK neutrino constraint
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The gamma-ray from the GC (HESS)
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Conclusions

@ DM from leptophilic U(1)., ., model can be an explanation of
positron/electron excess in PAMELA, Fermi LAT and HESS CR
experiments.

» the fit to the data is excellent when Mpy = 2000 GeV

» the required BF can be obtained from the Sommerfeld
enhancement

» Mpm = 2000 GeV is only marginally allowed. Mpy > 2000 GeV is
ruled out by SK muon flux.

» NFW density profile is disfavored by the HESS gamma-ray data.
The isothermal profile is consistent with the data.

@ LHC can cover the large parameter space of U(1)., ., model

through multi muon/tau events.

@ The Higgs searches can be non-standard.
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Leptophobic Z" motivated
by DAMA/CoGeNT:
a part of SUSY U(1)B x U(1)L

works in preparation with
Omura and Gondolo
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1. Introduction

We discuss supersymmetric model with U(1)s and U(1)L
gauge symmetries.

Baryon symmetry and Lepton symmetry forbid the
operator to cause proton decay. However, they must be
broken to realize Baryon asymmetry.

Our scenario is ...
The both symmetries are broken around TeV scale.
(We do not discuss U(1)L sector in this talk.)

I.R. Dulaney, P. F. Perez, and M.B. Wise suggested the non-
SUSY model with U(1)s XU(1)L. (1002.1754;1005.0617[hep-ph])

They discussed how to realize Baryon asymmetry, and
found that the extension of U(1)s symmetry naturally gives
a cold dark matter (CDM) candidate.
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* |n the experiments concerned with DM, there are many
signals which we can expect to relate to DM physics. The
direct searches (DAMA, CoGeNT etc.) suggest light DM, and
the indirect (PAMELA etc.) heavy DM.

The extension of MSSM to U(1)s and U(1)L, we discuss here,
provides several DM candidates. Our model provides DM
physics and experiments with interesting observations.

Furthermore, this model suggests a lot of interesting aspects,
such as higgs physics, flavor physics and so on.

In this talk, | introduce DM candidates and focus on ~7GeV
CDM, discussed in 1007.1005 [hep-ph] by Hooper, Collar, Hall and McKinsey .

Then we discuss several experimental constraints.
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2. U(1)B XU(1)L Model

In MSSM, Baryon symmetry and Lepton symmetry are good

symmetries at classical level. |
198 —19p

U ,: Q@ —>e3 QU —>e3 U
Uy, : ' > ée"l',E —e" F

However, these symmetries are anomalous,

SUQY UM, =2, UMY ,=—>
SUR U, ==, U(l)zyua)L:_%

2
3
2

where right-handed neutrino, Ni, are added.

Extra chiral superfields must be added to built gauged B and L model.
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field contents
SU(B)(; X SU(Q)L X U(l)y X U(l)B X U(l)};

Field Charges 1elds A1 0CS

Q' (3,2.1/6:1/3.0) (3.2, —1/6;—1.,0

U (31,-2/3:-1/3.0) - (3,1,2/3:1,0) (Ec’:lrfaﬁt‘;ﬁgks
D (3,1,4+1/3: —1/3,0) (3,1,—1/3;1,0) ll | opposite.)
| (1,2,—1/2;0,1) (1,2,1/2;0,—3)
(1,1.1:0,—1) (1,1, —1:0,3)
(1,1,0:0,—1) (1,1.0:0,3)
(1,2.1/2:0,0) (1,2, —1/2:0,0)
(1,1.0:2/3,0) (1,1.0;—2/3.0)

(1,1,0:0,2) (1,1,0:;0, =2) They break
(1,1,0;np,0) (1,1,0; —np,0) U(1)cand U(1)s.
(1:1:0;%}5:0) (110 _nL:O)




Superpotential for extra superfields

The difference is only chirality.
Extra quark and lepton mass terms are

Quark sector: Y,;Q, UfHd -+ Ya; Q/DIHU
Lepton sector: YZ,L,E,HU — YV, L N,Hd

In order to avoid stable charged particles and generate neutrino
masses, the couplings between extra B and L symmetric superfields
and MSSM fields are given by

)\Q@XBQ/Q?; + )\U?;X_BU/ U + )\D?;X_BD/D?;
Np: S E E A NSLL L + \i;N'N7Sp, + AniN,SLN

Assumptions to avoid large FCNC are

<XB> =<)_(5> =0
(8,),(8,)=0, Ag,A; =0
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3. CDM in the U(1)s XU(1)L. Model

The symmetries of cold dark matter (CDM)
1) The B and L charges of SB and St are ns=2k/3 (k=2,3,...) and ni=2k (k=2,3,...),

U(1)s breaking: <SB>,<§B>¢O — 225 |

- R-parity (_ 1)3 B+L[+2 ]

U(1)L breaking: <8L>,<§L>¢O > ZZL #

R-parity even: 4. i(Ba:JgBLSL
odd: ﬁa XB» 559 SL

2) Global U(1) symmetries can be assigned, because of

(Xg)=(Xp)=0,(X,)=(X,)=0.

U(l)XB: XB N el’a Xg; 01 N e—/a 0’, Ur N e—/aur

Ul)w: X, > €°X,, X, >e’“X,

—
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five candidates for DM

—

()\Ba S~B ? g)

—

0
X1 (Lightest component)

There is mixing at one-loop.

(Lightest complex scalar)

((U(1)xB charged) dirac fermion)

(Lightest complex scalar)

((U(1)xL charged) dirac fermion)

3 particles of them can be stable, because of 3 global symmetries,
U(1)xs, U(1)xL, and R-parity.
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* Important vertex

Zlo

2 of 5 decay to 2 CDM.

» g’ limits the masses of CDM.

» q’is charged under U(1)xs, so at least one of Xy and )N(B must be
smaller than q’.

» R-parity of g’ is even, so it cannot decay to only )N(B and quarks.

mn~/

| introduce the scenario that X, is the lightest.
We assume that SUSY particles, such as squarks and sleptons, are
very heavy, around 1 TeV.
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a.7 X

squark, slepton stable

q, could be used for
PAMELA

300GeV

o

A1

stable

q

stable
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4. ~ 7 GeV Dark Matter

 D. Hooper, J.I. Collar, J. Hall and D. McKinsey (1007.1005 [hep-ph])
suggest

my, =7Gel, og =2x10"* cm-.

* Direct detection vs Relic density due to vector current coupling

Direct detection

U(1)8 charged particles scatters with Nuclei through Zs boson (squark’),

Xg
Zg

N

o, = BQ;,Q; ,uf([ Is 9s __ O

 ux @, QB

7C

Zp

Roughly,—Z ~ O(TeV/). It must explain relic density, Qf.,,, =0.11.
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Relic density

As well known, the Boltzmann equation is approximatelly estimated as

QN ;O.lx(lpb].

(o)

Annihilation cross section of Xz through Z8 boson is

) 4
Sy Aan(mDMa MZB )0)( (/55 ] [miwz 0; _|_] Boson case is p-wave,
B q

T 7 no S-wave.

S-wave

Direct scattering leads

BQ:
AS @

Aan(mDMa Mzg) must be large to explain
the relic density, around 0.11.

] B =1, for dirac fermion and boson

QI = 0(10){

We use resonance enhancement.
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( =7GeV)

Y — hadrons
%

QN <0.11

gl0la B
|
e
=

Lo
I
+
wn

DAMA(90CL)
by Hooper etc.

¥
7’/ NY —> hadrons
e s T

XENON10

> 0(10)

Aan(mDM9 MZB): (

ZB
M, -} + M3 T,
Very small mass and coupling are required,
-5
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5. Constraints

Constraints on very light Zs8 boson mass have been discussed.

For example, the hadoronic decay width of Zboson

require a;<0.2. Upsiron decay to hadrons gives the strongest
constraint.

(PRL74,3122(1995) by C.D.Carone and H. Murayama, PLB443, 352(1998) by A.Aranda and
C.D.Carone.)

Our model has enough small U(1)8 gauge coupling.

On the other hand, kinematic mixing must be enough small to
avoid conflicts with experiments. Tr(BY);t 0

Other stable particles also contribute to the relic density. There
are a lot of arguments about heavy DM and scalar DM,

Scalar DM with yukawa:PLB670,37(2008) by J.L.Feng, J.Kumar, L.E.Strigari
MSSM DM: PR267,195(1996), by G.Jungman, M.Kamionkowski, K.Griest, etc.
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 Our model predicts very light scalar.

(55, 55) , which correspond to Higgs, give this lightest scalar.

mél < /W;B cos’ 23, +055M§5, cos’ 23, f(né» m% )
0(107)Ge

* They do not couple with SM
particles at tree level.

* The one-loop corrections are
also strongly suppressed by small
U(1)B coupling.

ex) |ms, GeV C”Ea 77
13.5 0.506 x 10~ °
119.7 10.931 x 10!
283.3 10.100 x 107°
396.4 0.203
308.1 0.70257
495.8 |0.114 x 10~7 50
TABLE: Z?:l Cgizz =1, my = 309.7 GeV, my = 368.41

GeV, my = 499.7 GeV, mp, = 297.0 GeV, mp, = 283.3
GeV, mp, =401.1 GeV.

12
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6. Summary

We discussed supersymmetric model with U(1)s XU(1)Lgauge
symmetries.

This model provides a lot of interesting topics, such as Flavor physics,
Higgs physics, dark matter, and so on. | introduced DM physics
related to direct detections.

There are several candidates for CDM and several scenarios. In any
cases, 3 stable particles appear.

In order to explain ~7GeV CDM of CoGeNT/DAMA, we considered
very light Zs8 mass and the resonance effect. U(1)s gauge coupling is
also very small,

oty ~2x10°, M, ~2m,,.

| introduced several constraints, especially the predicted light scalar.
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Conclusion

@ I presented two models with exotic Zs (leptophilic
and leptophobic) which are motivated by (in)direct
detection of CDM

@ These Zs are not easy to detect: not strongly
constrained so far

@ Leptophilic Z' in the 1st model could be in the reach
of the LHC

@ Leptophobic Z' (for DAMA/CoGeNT) is more difficult
to detect because of low mass and small coupling
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