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Begoncl the Standard Model

ka do we heed BSM?

electroweak symmetry breaking
dark matter
matter anti-matter asymmetry
inflation
neutrino oscillation
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BSM before the LY/C

| HC will Procluce many BSM Particles.

Confirmation/construction of BSM

would be Possible from LHC data.
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BSM AFZer 3 years of Zhe LY/C

| HC discovered ‘Higgs~|i|<e’ Particle.

(Confirmation of the Standard Model)

Canwe get any hint of BSM from the LHC?




BSM classiFicalion

Bottom up
Data as a guiding Principle

Direct detection of dark matter : DAMA, CoGeNT,CRESST,CDMSII-Si
Cosmic ray excess (e+,e~,Pho’ton> : PAMELA, Fermi-LAT, AMS-02

Tevatron anomalies : DO dimuon cl’xarge asymmetry, CDF Wj, TOP Afb
| HC anomalies : CPV in charm clecags, Higgs to clil:)l’]oton rate

Muon g~2
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BSM classiFicalion

Bottom up
Data as a gunchng Prmcnple g
/ XENONIO &
Direct detection of dark matter - DAMA,, CoGeNT,CRESST,.CDMSII-Si XENON 100

, , Astrophgsical orign :
Cosmic ray excess (e+,e~,Pho’ton> : PAMELA, Fermi-LLAT, AMS-02
Pulsars‘?

Tevatron anomalies :DO—di-mu@n-c;l’-\al:g@ aswmet:gj@%, T@-P-Aﬂ)-

| HC anomalies :-@%ﬁ-ehaﬁm-eleeagﬁ-, Higesto d-llalnoto-n- Fate A few percent deviation?

Muon g-2 llght bg llg}wt scat’,termg
theorg uncertamtg
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Light dark matter?
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Hea\/g dark matter?
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Three tol:)ics to consider

l.electroweak sgmmetrg breaking
2 .dark matter
§.bargogeﬂesi5

s the radiative electroweak symmetry breaking

Possible’:’
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Coleman-Weinberg Higog

Hyung Do Kim
with Radovan Dermigek and Taehyun Jung

arXiv:1507 . xxxx




Higgs self coupling in the SM

V(H) = —p*|H|* + A H|"

_ 1 0
"= ( v+ (o) )
' HQ 2 A 4

Vig(r)) = ==+ —¢

2 4
AVA v =246 GeV
—— = (=2 + 2P| p—p = 0 > 112 = \o?
do

m; = dQ—V = 2)\v? = 2°

42
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Higgs self coupling in the SM

1 2 12 \/X 3 A 4
2mh¢ thh 4h
)\(Q)SM B m2 S 1 d2V| i
offt T 92 21 dgp? 197" 2
\(B)SM _ 1 dSV‘ 1
eff 31 dg® 7"

\@SM _ 1 d4V‘
off 7 3ldet 7T

All three definitions give the same quartic coupling.

Monday, July 1, 13



ColemamWeinberg mechanism

V(g) =m*¢ ¢+ A(¢'¢)?
m? = 0

SPontaneous sgmmetrg breaking can occur

139 radiative corrections.
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Starting from scale invariant Potential

V(¢) = A(¢'9)’

RG iml:)rovecl etective Potential is then

V(9) = AN¢)(¢'9)’

1t the quartic clﬁanges
sign at low energy,
nontrivial minimum

IS clevc:lol:)ecl

0.2 1 I I

V(h)/(100 GeV)*

o
N

o
9%}

o

2

3
h/100 GeV
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Scalar QF

A g 3¢t o 25
V%t e (log (@2 6 )
/ 3 ]'1
|4 (<¢>) =0 A = 3 64 at the minimum
e, A > e, <¢>

dimensional transmutation

3e?

21
V= Gam (log ()’ 2>
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Scalar QF

4
md = V'(6) = S5 (0)? i = ¢(6)?
m_i -3 e? 3

m%/ 2w 4w :%a

Racliati\/elg generatecl Higgs mass Is one looP

sul:)l:)rcssecl coml:)arecl to the vector boson

SMwith W and Z (without top) . mh=10 GeV

3
mj, = 5o [29°myw +(9° +9"7)m3]
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Large tOP Yukawa Prevents CW mechanism in the SM

By oc —y* ™~
Bx o g* /
By oc A° /

Radiative sgmmetrg ]:)reaking is possible

with gauge or mixed quar’tic interactions.
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ColemamWein]:)erg Higgs

Classica”g scale invariant Higgs Potential

A(t
V(g) = g = logo
dV dt A
WV AN gu Ay
dé  do 4 4
O
d*V B e dependence of
2 L PN, 2 Scale ependence o
= d¢2 |¢:U - (5)\ —I_’/Zl s')f] the beta function is
nc:glectecl here.
@ _Imt 1 By~ o
eff 2 UQ 8 A 4
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Higgs Portal with extra scalar S

V=M M(H'H)?+ X\, H'HS'S + \;(S75)?

16728y, = 24)\%

16728, = s [4Mns + 12X, + (4N + 4)A2,]

167285, = (16 + 4N)AZ + 2)7,

New mixed quaﬂtic raises Higgs quartic

at High energy
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Bound from Perturbativitg : 20750 TeV

Couplings
T

gl

102

u[GeV]

- u[GeV]
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) -

Bound from Perturbativitg . 20 TeV
Co%plings

I 1 i [N=10 (]] i
" | N=16 : i

L 'I o 4 ,"' :

g | [N=10! |
6 |

—
— —
T e e e e e e e e e e e e e e — — — — — — —

FIG. 1. (rigid, dashed, dotted) : A, s 4s), (red, blue, green): Ng = (1,10, 16).
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Gauge extension O‘F tl‘lé scalar S SU(NC)NG

A\, 3 /N34 N2—4ANg+2 N2 1
1672 S:—(S 5 )4—6(5 )2)\8 A(4 1+ NIAZ 4L 2)2
a4 N = Ny )9 TN 2,
A\, N2 —1
1672200 _ ), 4)\h5+12)\h+(4N5+4))\8—3( 5 )gi
dt Ng
Bag
Starty ng with a A

small coupling at

the weak scale

UV fixed point IR fixed point
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Example . Scalar in 4 of sU##)
UV ito IR

Couplings
3.0
[ b
2.5 A :
| T 2. mixed quartic Tt
: "'-. Increase FaPiCHH ST
2.07 "‘, A p S — T
* -t is hard to say which one )
s .‘ (1or2) is the source
’ \/"-,_"/(”;‘\\\\\ A
: / . start to ClCViafé ~~~~~~~~~~~
1.0 ,’/ Erom UV fixed Point
05 |
e plGeV]
10° 10* 10° 10° 107 108 10° 10'° 10" 10'210'3 10" 10'5 10" 10'7 10'8 10"
5. Higgs quartic
&&° 9 FIG. 2. (rigid, dashed, dotted) : A s ps)

driven to be negati\/e
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Measuring Higgs self coupling at the LHC

1 « h
_ 2% ~a map _

Les ] SwG G log(1 + v) from toP !ooP

1 1

1 8%

o = apv p S G Gaw/hQ
Left = 437w G G O4 Gru2 MY i
3 \ 2
l XAuh leaclmg term

destructive interference
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Measuring Higgs self coupling at the LHC

gluon 1’1 glUOﬂ l"l

guon [P h guon | g
4 TeVe LHC

oV O (hh 4+ X) = 30£b |

oNO(h 4 X) =17pb 500

* Higgs Pair Procluction cross section : 300 b at 33 TeV
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Higgs self interactions at the LHC

o kO =70yt — 50M\y? + 10N y? — k=

1 ~0.1

The cross section can vary bﬂ 10% for order one Change of Higgs self coupling.

30% uncertainty 3000fb—1@14 TeV
(bb tau tau, bbww, bb gamma gamma)

It would be difficult to clistinguish CW nggs from SM Higgs at the LHC.
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Measuring Higgs self Coupling at 1L.C

Z.Zhh, wwhh vertex diagram is omitted here

025
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é |
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Dark matter candidates : relic abundance

S ho s \ hooS b vV oS e S
¢ - S s . p e
s h s{f Y s'/ \\\h s’f v o woos
| s mS >80 GeV
10°F S m, =250GeV]| —
: — m,=125GeV| QS/QDM < 0.01
E E
i - mS <50 GeV
E 2F E QS/QDM > 1
o 10
—4§_ \\\ _emT T T T T E
10 mh/2=62.5 GeV %\ -
6 V C _ Ahs
10 I - —
I | I | |:: | I | ] / 2
0 0.2 04 0.6 0.8 1
50GeV 100 GeV 10 GeV 200 GeV 250 GeV « mS

Espinosa and Quiros, PRD (2007)
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Dark matter candidates - Higgs Invisible Width

mS =50 GeV
Br(h—>SS) Br(inv) > 0.8
1.0/
o
. QO(OQ\Q
0.8 i @‘A\
0.6
. mS < 20 GeV
0.4 Br(nv) <0.3

0.2 /S
| //
=

0 0 20 30 40 50 60

ms
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Dark matter candidates : direct detection

S S S S /
~eo Apg - Sl Aps Lo S can be a subdominant
4 \f comPonent of dark matter
h |
| o
|
| 2
0~.SI — O'SI X Qsh
1 DM DM QO 1,2
g g a q DM —WMAP

, , , . I loop correction : O.
Stl” the cllrec:t cle’ccctlon rate 1s s:zeable f 10-39P >

v~ Ng X 5 x 107 emid K

0 I 1 1 1 1 1 1 LI I 1 1 1 1 1 1 LI
| XENON100 (2012)
\ DAMA/Na = observed limit (90% CL)

, g 10™° \ ‘ “\ et E;peit?c(ij 12211; gtfetckllis run:
<m5 = mh) lﬂCICPCnCJCﬂt OF Ahs> 8 \ \ Q DA% + 2 o expected
5 10" N Y i L
2 Siosiod S mrmm e o T GRAPLE (2012)
~1 . ~ 72 N :
Ns=I : m5=440 GeV 3 0@ \ CRESST-II (2012) OUP? Q0\D)
) N\ )
Ns=2: m5=5/0 GeV g SN 7194, —?9-(:2'_0:?'
O ‘N, ... """""
5 10% N3~ . .[EDELWEISS (2011/12) _ . _.~ Zifaiess=
Ns=4: mS=310 GeV E '~-~>.;\':;;-\=f_-:fc'—-=‘;§;;§’a‘oﬁmoﬂ‘°°
QI-‘
- > 10"
90% CL limit from XENONI0O (2012) =

[e—

S
N
W

2*107{-45 cm”2 at mass 55 GeV . L
6 78910 20 30 40 50 100 200 300 400 1000

107{~-441 cm”™2 at mass 500 GeV WIMP Mass [GeV/c’]
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Electroweak Baryogenesis

V=M M(H"H)?+ X\, H'HS'S + \;(575)?

T | = N

V(h)/(100 GeV)
V(h.T)/(100 GeV)"*

8 _SUPCFCOO lﬂg

h IS Possible

2 3
h/100 GeV

Higgs Potential

1. Strong Ist order P]ﬂase transition

2. New source or CP violation exists

AsHTHSTS + 60G,,G*

Espinosa and Quiros, PRD (2007)
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Conclusion

Yet no Pre&:rence to sPeciﬁc Begoncl the SM is given from LHC.
Begoncl the SM s needed For clar|< matter and bargogenesis.

Radiative sgmmetrg breaking 1S Possible with singlet scalars.

— Coleman—-Weinberg Higgs (witlﬁout mass term)

CW Higgs and SM Higgs can be distinguishecl by Higgs self

Coul:)ling measurement at the LHC and the 1LC.

lLarge direct detection rate of (severab subdominant dark

matter would 5trong|9 indicate the iggs Portal scenario.

Flectroweak bargogenesis works in this framework.
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