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Introduction : Motivations

Simplest extension of SM — add a U(1)" symmetry

Two options :

e Charged SM fermions
—> FCNC constraints
— B-L, a(B-L)+ Y models heavy Z’
— Stringy light Z’, anomaly cancellation a la Green-Schwarz

e Uncharged SM fermions

—> Motivations from string theory (D-brane models)
— Heavy mediators ~ effective higher-dimensional operators

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction

Introduction : The model

o Dark matter : ¢py chiral fermion

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction

Introduction : The model

o Dark matter : ¢py chiral fermion
o New vector boson Z’

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction

Introduction : The model
o Dark matter : ¢py chiral fermion

o New vector boson Z’
o Heavy mediators : heavy SM fermions

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction Gluc

Introduction : The model

Dark matter : 1)pps chiral fermion

New vector boson Z’

Heavy mediators : heavy SM fermions

Assume the model is anomaly-free and conserves CP

S0 0 0

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction Gluc

Introduction : The model

Dark matter : 1)pps chiral fermion

New vector boson Z’

Heavy mediators : heavy SM fermions

Assume the model is anomaly-free and conserves CP
New : let heavy fermions to be charged under SU(3)

< look at yPMyPM . GG

LR IR R R v

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction Gluons

Introduction : The model

Dark matter : 1)pps chiral fermion

New vector boson Z’

Heavy mediators : heavy SM fermions

Assume the model is anomaly-free and conserves CP
New : let heavy fermions to be charged under SU(3)

< look at yPMyPM . GG

LR IR R R v
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U(1) x SU(2) x SU(3) . o
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Introduction : The model

o Heavy mediators : heavy SM fermions
Heavy mass scale : breaking of the heavy U(1)’ higgs sector

Stueckelberg realization

b= V\;;)exp(iax/V) — b= LeXP(iE'X/V)

V2

U(1)’ transformations

52;0 = Oyor , O0x = %a where zea—x

vV
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Initial lagrangian
L = ﬁs/w+ —(8 ax — MZIZ ) ——FX FXW/
N (/fy“D . & “Z’) R (ify“Du + g%x;l\,fy“z;) v
— /aX(XL XJ) 3
- |V Mje & +h.c. (1.1)
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Introduction

Introduction : The model

Initial lagrangian
L = ﬁs/w+ —(8 ax — MZIZ ) ——FX FXW/
v (ify“DM + —xhﬂzﬁ’t) [+ Uk (ify“Du + g%x;l\,fy“z;) VA
— /aX(XL XJ) 3
- |V Mje & +h.c. (1.1)
%
where MZI = gXE . (12)

< Invariant under U(1)’ transformations
— L anomaly-free & ESM neutral under U(1)" = Wy, set anomaly-free

= Kinetic mixing term 5 S FLY FY, is neglected

j%
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Effective couplings
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0" Dubx (chTr(FYFY) + 2, Tr(FYF"))

d., 0" D" 0xTr(F,,FL)

eew D" OxTr(FuyDuF*™) + €0, DuOx Tr(Fay DY)} (1.3)

GDR Terascale, Annecy, november 2013

L. Heurtier



Introduction ment tr

G, kL

Z', k

G, kY

L. Heurtier GDR Terascale, Annecy, november 2013



Introduction

G, Kk
Z' kY
G, kY
0 - Z ((XL—XR)TaTa)
247?2 M2 ,.
x [0"DOxTr(GG) -2D,0xTr(Go, DV GH)] . (1.4)
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Gluons production

DM annihilation into Gluons

couplings

1 ~
Lopewn = 75 1ded" DubxTr(GG) + djo" D" nGl)
+ gD Ox TG D, G) + € DyfxTr(Go DY G4 | (2.1)

Lpm =M —gx ZipPM + gM —gx RN Z PR (2.2)

v
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DM annihilation into Gluons

couplings

1 )
Lopewn = 75 1ded" DubxTr(GG) + djo" D" nGl)
+ e, D"0 DuG) + € DulxTr(Go, DY G4 | (2.1)

Lpm =M —gx P ZpPM + pRM —gx RMAZ R (2.2)
PP M G Yoy —— NN Z/

ZI
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L. Heurtier GDR Terascale, Annecy, november 2013



Gluons production

DM annihilation into Gluons

—Non-chiral dark matter : no contribution

L. Heurtier GDR Terascale, Annecy, november 2013



Gluons production

DM annihilation into Gluons

—Non-chiral dark matter : no contribution

—Chiral dark matter :

6 2 2 22
(o) Nd_gg;‘(mw(XL—XR) 2(MZ,—4m¢)
OV )s—channel = V4 7_‘_,\44/ > 20 ) ) 2
Z (MZ,F (2) +(M3, - am?) )
g;t mfp—M%,

<U V> t—channel =

12872 my M3, (2m? - /\/@,)2
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Experimental constraints

A few parameters in this model : M/, my, gx, %, X, Xg.
—need to be constrained !

Experimental constraints :

o Relic abundance
o Indirect detection

@ LHC mono-jets events
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Experimental constraints

Relic abundance and indirect detection

— WMAP/PLANCK My =1TeV, gx=1
— FERMI
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LHC constraints

Possible mono-jets final states

JJDM

1/}DM

Il YpuG

Z/
YoM

G

Figure : Dark matter production processes at the LHC (at partonic level), in
association with 1 jet : p p > jYpM¥DM -
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LHC constraints

Using CMS data [[CMS Collaboration], CMS-PAS-EX0-12-048 |, Ecp =8 TeV :

10°%r 1

10’ ﬂ

=
S 10°¢
—— Mgz =100GeV
| —— Mz =500GeV |
1000 —_— Mz = 1TeV
10 L L L L L L
10 20 50 100 200 500 1000 2000
DM mass [GeV]

Figure : 90% CL lower bounds on the quantity M?/d; as a function of the dark matter
mass, for Mz =100 GeV (blue), 500 GeV (red) and 1 TeV (green). Based on the CMS
analysis with collected data using a center-of-mass energy of 8 TeV and a luminosity of
19.5/fb.
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Synthesis

—  LHC bound

— WMAP/PLANCK | Mz =100 GeV, gx =1

— FERMI _n
A

ol \\

1010 == . \

NN

107}
N \

NN
- \\\ g \
5 ,\’m('_ // OOV B

s =
.




Experimental constraints >

Synthesis

_— LHC bound
— WMAP/PLANCK | My =1TeV, gx =1
—_ FERMI
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Comparison with EW sector

—_ L nd
— WMAP/PLANCK | Mz =1TeV, gy =1
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Conclusions and outlooks

@ Model very constrained with high coupling gx and small masses of mz/
o Different cross section features than electro weak bosons final states
o my 2100 - 500 GeV

e Waiting for more precise data about gluon-gluon final states (indirect
detection)

@ A way to investigate with more accuracy the presence of dark matter
production in LHC data

@ Microscopic computations of effective coupling to be extended to
other interactions
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Conclusion

The End

Thank you!
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Conclusion

Constraints on kinetic mixing

If not neglected — new diagrams

’l/) DM f
Z L

7\Z}DJM

st

2 4 6
dg 2gx My

ov ~ = =2 . 4.1
(oviee = 4 g W, (4.1)
—[X. Chu, Y. Mambrini, J. Quevillon and B. Zaldivar, arXiv :1306.4677 [hep-ph]|
2
16 5 50 My
ov)s ~ — 0 , my, < M
{ov)s =~ —exe W, y <Mz
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Conclusion

Constraints on kinetic mixing

Kinetic mixing competes with other effective operators if

>dg 8X 2

Sz MM
dg V2gx m}
02 ng g M_é) s my, > Mz (43)

< For my =200 GeV : % <107 x § GeV/~2
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Conclusion

Constraints on kinetic mixing

M /dg
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< § 2 0.8 excluded by LEP experiments...



Relic abundance and indirect detection

— WMAP/PLANCK Mz =100 GeV, gx =0.1
— FERMI
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Conclusion

Relic abundance and indirect detection

— WMAP/PLANCK Mz =1TeV, ¢gx=0.1
— FERMI
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Synthesis

—  LHC bound
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