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INTRODUCTION

T _TOA T S uasesmmessn e ___ v ren el o s e s e tni o o ,
Observation of a new boson at a mass of 125 GeV with the CMS experiment at
the LHC™

CMS Collaboration™*

cenn ' Observation of a new particle in the search for the Standard Model Higgs boson
woni With the ATLAS detector at the LHC* ;
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s paper is dedi¢ . /S = 7 TeV in 2011 and 5.8 fb~! at /s =8 TeV in 2012
A R contributions to t . |
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Article Val |
Receiv: :
Receiy ARTICLE INFO ABSTRACT !
Accep| :
Availa| Article history: A search for the Standard Model Higgs boson in protg#~proton collisions with the ATLAS detector at | |
Editor; Received 31 July 2012 the LHC is presented. The datasets used correspond tg/integrated luminosities of approximately 4.8 fb™! !

! Received in revised form 8 August 2012 collected at \/s=7 TeV in 2011 and 5.8 fb~! at \/s% 8 TeV in 2012. Individual searches in the channels !

Keywa Accepted 11 August 2012

CMS | Available online 14 August 2012
Physid Editor: W.-D. Schlatter

Higgs|

H—ZZ® - 4, H— yy and H - WW® — evpv in the 8 TeV data are combined with previously | l
publfshed results of searches for H— ZZ™®, WW®™, bb and t77~ in the 7 TeV data and results from '
impfroved analyses of the H — ZZ™ — 4¢ and H — yy channels in the 7 TeV data. Clear evidence for '
th¢ production of a neutral boson with a measured mass of 126.0+£0.4 (stat) 0.4 (sys) GeV is presented. | '
is observation, which has a significance of 5.9 standard deviations, corresponding to a background | '
uctuation probability of 1.7 x 10~9, is compatible with the pfoduction and decay of the Standard Model '
Higgs boson. ,

© 2012 CERN. Puplished by Elsevier B.V. All rights reserved. |

_____________________________________________________________________________________________________________

mass of 126.0+0.4 (stat):I:O 4 (sys) GeV
H—-ZZ® -4, H— yy and H > WW® — evuv
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@ HIGGS PHYSICS

Higgs Decay modes at LHC

Direct measurement

W —77" — 4/ ATLAS, Phys.Lett. B 716, 1 (2012) m, =126.0+0.4 +0.4GeV
. . ATLAS, Phys.Rev.D 90, 052004 (2014) 1, =125.36+0 41GeV
h" >y =40 | cus ph h_
, Phys.Rev.Lett. 114 191803 (2015) m, =125.09+0.21£0.11GeV

h’ — WW ' — viv/e CMS, Phys.Lett.B 716, 30 (2012) m, =125.3+0.4+0.5GeV
l=e,ll

X T—>lvv CMS, Nature Phys. 10 557 (2014) m, =125GeV

Ut S had.+V  ATLAS, JHEP 1504, 117 (2015) m, = 125.36GeV
1 s bh ATLAS, JHEP 1501, 069 (2015) m, = 125.36GeV

CMS, Phys.Rev.D 92 032008 (2015) m, =125GeV
Upper bound

h(()) — Ui ATLAS, Phys.Lett.B 738, 68 (2014) m, = 125GeV
h™ — uu(ee) CMS, Phys.Rev.D 92 032008 (2015) m, =120—150GeV
h’ - Zy Z—W ATLAS, Phys.Lett.B 732, 8 (2014) m, =120—-150GeV

CMS, Phys.Lett.B 753 341 (2016) m, =125GeV A5
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HIGGS PHYSICS

&

Higgs Decay modes at LHC

F__D_Ite_ft_ir_‘f?f_u_r_e_r?ent “Tne dota ape pouvd To Pe youmoTifhe wuey
LR s 77" >4 1: e Ztovoapd Moded eEmeytatiovo ¢op o
: . | Hiyyo Pooov at a uwoaco op 125.36 TIsc...
i_@f_j_}:}: ___i_é% _: Toyetnep TNEY XX OVVT POP CTTPOELUOTEAY

1O S WW ' —s vivi 88 % 0(!), oA\ dexyopo op o ZM Huyyo

/= BOCOV.ATLAS, Eur. Phys. J. C (2016) 76:6
=e,U

Lo 1T VY loring electroweak symmetr

h’ — tr, _ proring y y
| T — had +V breaking at the LHC.
i i
1 — 1
ih’ —bb | —

Upper bound ‘EME+h — LFermionic + ‘EGauge o V((I))
Th° = i ,(,/—7 |
=. }_lf_iﬂ/;t_(_e_e_)j Higgs self-couplings
E"O':_Z_i/"M V(®)=-Av®'d+ (D D)
—— = MW°h + vk’ + L An? A5
N4
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@ HHH AT ONE LOOP LEVEL IN SM

Self-coupling hhh at tree and one loop level in SM

At tree level the self-coupling hhh is independent of h'(q)

h the higgs bosons 4-momentum. ¢
A |
: 2 g+p +p,=0 :
| 3m, ,
/,'\\ ~ > f f
N q #Ep #p,Em, \
k A 4 \
h h | | A A
At one loop level and with off-shell Higgs, we ¥ <
need more driagram to satisfy the Bose h(p,) h(p,)
symmetry.
q2 p N 42 p, N P2 D, N P2 p,
plﬁpz P> P Qﬁp1 Qﬁpz
3m, Here A is th tion t
~T. D2, _ ere is the correction to
o (@05PP) ==, self-coupling hhh. -
)
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@gg? HHH AT ONE LOOP LEVEL IN SM

Self-coupling hhh at tree and one loop level in SM

The leading one loop contribution of the top quark to self-coupling is derived as:

2 2
m.s; NC 1 l-x _
ltME(QZ): g |:18_sz0ij0 ;in(x,y,st,sq)dxdy]

2.2
3167°m,
950 F - T T T N | . 70 -
9.45?— 50 -

L 2 2
__940- q :4mt
S Sl A
= 935} =
2s 25
= 9300 4 ME 2 1= g
I A Om))=9.14049% g

’ E A 1 10 -
920 F
9.15?— | |
100 200 300 400 0 a0 00 400
llqll[GeV] |lqll[GeV]
Previous results:

AYE (m?) = 9.14693% AME(m?) = 9.8221%

Phys. Lett. B558, 157 (2003) Eur. Phys. J. C23, 163 (2002) M5
¢
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@ HHH AT ONE LOOP LEVEL IN SM

Self-coupling hhh at tree and one loop level in SM

The leading one loop contribution of the top quark to self-coupling is derived as:

2 2
m;s, NC 1 l-x _
ltME(QZ): g |:18—sz0ij0 ;yE(x,y,st,sq)dxdy]

3Nne6n’my;,
9.50;— - T i\ | — 70 |-
9.45% 50 -
_ 9.40?— — 0l q2 — 4mt2
S = A
= 935[ =
28 | 2z
~ 930 ]
g AN(m)=9.14049% T
2 A ] 10+
9.20;
9.15?— | |
| 100 L 260 ““ 300 ““ 400 o o 1(;0 o 2(;0 ““ 3(;0 | 400
IqlI[GeV] llqlI[GeV]
Another contributions:
AME(m2) =~ 34%10°% +i6.4 x 10°% Ay (my) = 0.0726%
AYE(m2) = 2.5%x10°%+i7.9 x1072% A (my) = 1.8397% )
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@ LITTLEST HIGGS MODEL WITH T-PARITY

Main ideas

1.- Little higgs models are based on a collective symmetry breaking pattern.
f~0O(TeV)

(Global) SU(5) > SO(5) ;
(Gauged) [SU2),®U1),1®[SU2),®U(1),] >SUR)®U(1) — > U(l) .,
2.- There are 14 Goldstone bosons, and are parametrized by a nonlinear sigma

model.
3.- After the first symmetry breaking there are four heavy gauge boson: Z,;, A, W,

4.- After the second symmetry breaking we have the SM fields, and seven
additional scalars fields.

5.- The LHM had an alternative to hierarchy problem.

6.- The heavy photon is a dark matter candidate. Phys. Rev. D 88, 075018 (2013)
/.- A natural way to define the action of T-parity on the

gauge fields is: a a . .
W, oW, B, < B,,

8.- The constraints from Higgs couplings results from the 8 TeV run at the LHC

... exclude fup to 694 GeV. JHEPO2 (2014) 053 e;j
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@ LITTLEST HIGGS MODEL WITH T-PARITY

Mirror fermions
1.- Little higgs models are based on a collective symmetry breaking pattern.

(Global) SU(5) J=0Uev) | sos)
(Gauged) [SU2), ®U(1) |®[SU(2), ®U(1), ] > SUQ)®UD)—2> (1),

For each SM SU(2), fermion doublet, a fermion doublet under SU(2), another
under SU(2), are introduced. The T-parity even linear combination is
associated with the SM, while the T-odd combination is given a mass of order
the scale f.

The mirror fermion acquire mass through the o o . .
SU(5) and T invariant Yukawa interaction. L =K (P e+ EQTQY,

Then the masses and the Higgs coupling for the u mirror quark and the mirror

neutrino are. d, and [, do not have direct
= \/Exiif couplings with the Higgs boson.
2
v _ v
=2k f| 1- hit,u, ~hv,v, ~—L
i [ 8f2) H™H H H 2\/’[ j ‘w’)
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@ HHH AT ONE LOOP IN LHM WITH T-PARITY

LHM N K v’ I
+T 2N il uy vy W 18 :ME d
Uy Y ( - 9 AL — ay’ Vi ,Sq)dx y *
e 3 223'gmh U h(q)
¢
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@ HHH AT ONE LOOP IN LHM WITH T-PARITY
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CONCLUSIONS

&

1.- To test the electroweak symmetry breaking sector of the SM,
not only should the couplings of the Higgs boson to gauge boson
and fermions be measured, but also the self-couplings of the
Higgs boson.

2.- In the SM, the one-loop contribution to self-couplings hhh is
=~11%, where the top quark contribution is =9.14%

3.- In the LHM+T, the one-loop contribution of mirror fermions to
self-coupling hhh is =2.3%10-2 for /=700 GeV.
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