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Motivation

L—> What kind of nev physics can & expect at 100 GeV -TeV ?

- Origin of electoweaksymmetr breaking,

L)> unitarity boundfriviality boundglectroweak pecision constraints,

- the Dark Matter paticle

L)> from galaxy otation curves,missing mass in clusters,
lensingCMB and LS®ullet clusters.—= Qpa ! 0.23

L)> If canninii . ~ g*/mdm, ! om ~ 0.22
requires mpys ~ 100 GeV (WIMP mechanism)

- Hierarchy problem(s)suggest n@ low scale plisicsSUSY..

i} Could these issues belated???



RelationbetweenEWSB and DM

Q—> This talkthese 2 issues could be degpelated

A model whee EWSB Is due to the existence of DMla
Coleman-Weinberg



The model

L—> very minimal assumptions:

¥ 2 Higgs doublets$ ;, Ho

¥ a Z, symmety:all paticles e/en,exceptH, which is od

—> the lightestH, component is stahlee.a DM candidate

[

Olner Higgs doublet model®:; has no ev,no mixing witiH; and
no couplings to SMefmions

DeshpandeMa 78Ma 06@arbieri Hall,Rychlov 060,...



Dark Matter

H +
*Hy = ( Ho+iAg ) —> 4components:Hi,H0,AO
V2

k% If Ho or AgIs the lightest stategpod DM candidate

e Most general scalar potential:

V = wi[H1[* + p3|Ho|> + 11| Ha|* + 1 o|Ho

|
gl Ha[P [ Ho? + 4| H Haf? + 2> [ (] Ha)? + huc|



Dark Matter.tree le/el mass spectrul

m—

UZ

my. = M§+)\3§
2 2 v
my, = M2+>\L7 (AL = A3+ Mg+ As5)
2
v
mio = ,LL%—F)\S? (!S:!3+!4! !5)

k—> To have Hg or Ag the lightest: A\l < A3 or Ag < A3



Relic DM densityannihilation feeze out mechanis

¥ Downto I ~ mMpy, DM is in thermal equilibriumnpas ~ nﬁ‘-}w

¥ ForT < mpy: Npu X e~mom/T <« Boltzmann sup@ssion

L—)> freeze out of the an-
nihilation atT" = T7% o

{ Eq _ E

nom (T <Tt) = ngy (T = Tt) 2

£ o

10-20 L

—> If oaminii . ~g*/mdy, ' om ~023 T e e
requires mpyr ~ 100 GeV (WIMP mechanism)



Relic DM densityannihilation ppcesses

If Hg IS the DM:
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Two possible DM massgimes

¥ Low DM mass egime: Mpy; < My (DM = HgorAg)

g To avoid too fastDM DM — W W, Z Z annihilation

40GeV < mpy < 75 GeV

1

Detailed anafsis: Lopez-Honoez,Nezri,OIiver,TyAtgat(A)O6;
see also Barbierall,Rychlov O06;

Bergstom et alO07
> In ageement with diect and indiect

gamma detection constraints



Two possible DM massgimes

¥ High DM massegime: mpy > 400 GeV

&% Not relevant br EWSB a la Coleman-&hberg

1

DM couplings too large



EWSBColeman-Weinberg mechanism in the

¥ Standad Model: V = p?H? + 1 H* \ ) /

—> only one scaley? A
(h) = v = 246 GeV

¥ Coleman-Weinbergrould ve start with no scale at all or
at least no large scale at al&- ;2 ~

!

e\

no EWSB at tee level




ColemanWeinberg in the SMine loop diagram:
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Coleman-Weinberg in the SMsummation of diagrams
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Full eféctive potential in the SN

vy (h) = !1%4 <«— Tree level
+ 641,,29! ih“(zn?’!;f —g) <— Higgs loops
- 64?12! 214 (1 ';22 - g) <— Goldstone loops
_ Gifz%m(mfg - 2) <«— top loops

—> Imposing dVeyy — 0 determinea = fct(g;)

dh |h=246 GeV

—> No free parameterpotential knavn



Coleman-Weinberg in the SMenal esult

L—> dominated ly the top loop contribution

has the wong sign
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Coleman-Weinberg with an aditional inet
Higgs doubleone loop diagrams

¥ Tree lerel:no scaleps ! po ! 0 (no EWSB)
¥ One loop diagrams:

h, s ohy
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Efective potential with a inerHiggs

¥ Total one loop eféctive potential:
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EWSBInert Higgs contribution

Coleman,Winberg O73%Gildener
_ _ _ . Weinberg O7BleissnemicolaiO07;
L}> a scalar contributiorhas the right sign espinosaQuiros®07Foot at alO07

—> all we need is the indrHiggs con-
tribution larger than the top one
(A3 and/on | and/ot 5 large)

¥ to have a maximm we need one qudic coupling to
be larger than~ 3g?

¥ to hae my > 1144 GeV we need one qudic
coupling to be larger than 6g¢

:> requires fairy large quatic coupling(s) (still peurbative)



EWSB vs DM constrain

L—}> Electioweak pecision meas@ment??

U

T parameter constraint



T parameter constraint

Lww(0) 1 22(0)

T =
Mvzvoz M%oz

L—)>Sensitie to mass splittings be®en members of a SU(2)uttiplet

However:vanishes ifng+ —ma, Oyt my, Vvanishes

! !

custodial symmetr  twisted custodial symmeyr

—> to get |AT| < 0.2 we need{mp+ ! ma,| <" 40GeV
or Imy+ —my,| <~ 40GeV

L—)> for example:my, = 70GeV, my+ = 110GeV, ma, = 350 GeV



Custodial symmety

L—}> SO(3) symmety:nice wg to justify:

¥ necessay mass spectrum
¥ T parameter constraint

¥ no CP violation (i.eno phase ins gtherwise baddr DM)

L—}> Either with normal custodial symmet(m 4, ~ my+) Or

Gerard, HerquetO07



Examples of sets of parameters

| Hyh? = 0.11

0 o | My= || hpr | WBR
-0.11 0 5.4 2.8 | -2.8 120 12 405 405 100% 0%
-0.11 -2 5.4 2.7 | -2.7 120 43 395 395 100% 0%
-0.11 -3 5.4 -2.6 | -2.0 120 72 390 390 94% 6 %
-0.30 0 7.6 4.1 | 4.1 180 12 495 495 100% 0%
-0.30 | -2.5 7.6 -3.8 | -3.8 180 64 470 470 100% 0%
-0.18 -3 -0.003 | 4.6 4.7 120 39 500 535} 100% 0%
-0.29 -5 -0.07 5.0 | -5.53 || 150 54 535 63 0% 100 %

—> possible range ofvpy,  extendel GeV < mpys < 75 GeV



More general situatiomargep”

L—}> In this model the DM Higgs doublet Canvlaedramatlc
effect on EWSB parameters/en or large u as soon
as some of the quac couplings a sizeable

L-}> Might be genericofr other models



Summay

* EWSB antlVIMP DM:similar scales=> possible link?7??

* DM could be crucialdr EWSBexplicit minimal example
where a single atitional Higgs doublet wita, parity
provides a god DM candidate and alliecs EWSB a la

Coleman-Weinberg

* |n this fram&vork the DM mass is mportional to the EW scale
—> provides a possible hinoif why DM would be at the

EW scale asaquired by theWIMP mechanism



u, (GeV)

Relic density
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w,(GeV)

Direct detection
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Indirect detection

log10 [flux1*” (cm?2s™)] : mh=120 GeV ; 12=10"" ;! MAO=10 GeV ;! MHc= 50 GeV
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