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Experiment]
Motiva-
tion

Reports of Flavour Violation in CMS and ATLAS

CMS

2014/07/05

Standard desviation of the Branching Ratio BR(h°— > 7u): 3.0 o of the Standard
Model Prediction

Experimental Branching Ratio: (0.89t%‘é7)x10*2

2015,/08/21

Standard desviation of the Branching Ratio BR(h°— > Tu): 2.4 o of the Standard
Model Prediction

Experimental Branching Ratio: (0.84793)x10~2

ATLAS

Upper limit BR(h® — 711) < 1,87x1072
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The Standard Model

The Model explains three of the fundamental forces of Nature (weak, strong and
electromagnetic). It is used in all experimental calculations.

1 —
L = = Fuu " + 0DV + he.+ W;Y5W;0 + he. + DO — V() (1)

where f%F‘WF‘“’ represents the electromagnetic interaction, i\Tlﬂ\U + hc. represents
the interaction of fermionic fields, W; Y;;W;® + hc. represents the interaction of the
bosonic field with the fermionic field,| D, ®|? represents the interaction of the Higgs
field with the fermionic field and V(@) is the Higgs Potential.
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Transformations from bosonic fields to fermionic fields and viceversa.
3¢ = e, 56" = el
58S = / d*xsL =0

where where € is an infinitesimal, anticommuting, two-component Weyl fermion
object parameterizing the supersymmetry transformation

SUPERSYMMETRY

Quarks @ Levions @ rorce paricies Squarke D steptone @ Susy orce
Standard particles SUSY particles

Ficure - The super-partner particles

)
®3)
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Minimum number of Higgs doblets for Supersymmetrize the Standard Model.

1)It can explain Dark Matter

2)Radiative Higgs boson mass correction quadratic divergences vanish. my receives
enormous quantum corrections from the virtual effects of every particle that couples,

directly or indirectly, to the Higgs field

3)It could be considered that it extends the Standard Model naturally.(Requiring the
SUSY transformation)

4) It could join gravity (super-gravity)
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Within the MSSM, this soft Lagrangian includes the following terms
Lsoft = Lfermion + Lhino + Luino + Laluino T LHigasino + Lo, *)
In order to establish the free parameters of the model coming from this Lagrangian,

we write down the form of the slepton masses and the Higgs- slepton-slepton
couplings, the first and last term of eq. 4 , which are given as
PRV (Ae W EIL¥Hy + h.c) (5)

A S -9 R
Loon = mEjkEE m;.
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In principle, any scalar with the same quantum numbers could mix through the soft
SUSY parameters. This general mixing includes the parity superpartners fermionic
labels, and leads us to a sfermion mass matrix given as a squared 6 X 6 matrix, which
can be written as a block matrix as

i = (it ) (®)

Mir
where
M = md o MO cos2B(amly — mdlsxs, @)
Mi, = M?E + M,(O)2 — cos 28 sin? Oy mZl3x3, (8)
M2, = L\;;sﬁ - M,(O),utan B. (9)

where MI(O) is the lepton mass matrix.
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MSSM extended in Flavour Ansatz

Current data mainly suppress the Flavour mixing associated with the first two slepton
families, but allow considerable mixing between the second and third slepton families

Thus, our proposal includes dominant terms that mix the second and third families, as
follows

0O 0 O
Alo=A=(0 w z]| A, (10)
0 y 1

The dominant terms give a 4 X 4 decoupled block mass matrix, in the basis
éL: éR» )&'Ly .[LR7 7’:L7 7':Ra as

m 0|0 0 0 0
0 m| 0 0 0 0
72 0 0 [m X 0 A;
M=l o o|x. m A o | (11)
0 0|0 A M X
0 0 ]|A 0 X, m

with X3 = %on cos 3 — pumrtan B and X2 = Ay — pmy tan 3. Where p is the
SU(2) — invariant coupling of two different Higgs superfield doublets, A is the
trilinear coupling scale and tan 8 = :l is the ratio of the two vacuum expectation
values coming from the two neutral Higgs fields, these three are MSSM parameters
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In order to obtain the physical slepton eigenstates, we diagonalize the 4 X 4 mass

sub-matrix given in (11).For simplicity we consider that z = y, which represent that
the mixtures fi; Tr and [fig7; are of the same order . The rotation will be performed
to this part using an hermitian matrix Z;, such that

where

Table :

2 12
ZiM2Z) = 12,

M Xr 0
| X M3 A
1l 0o A m

A, 0 Xy

(12)
Ay
0
X, (13)
g

A, = %ZA()V cos 3

A = %onv cos 3

Ay = %WA()V cos B

Explicit terms of the sfermion mass matrix ansatz.
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Having new general physical non-degenerate slepton masses

mi = %(2,773 + X7 + Xu — R)
mh = %(mg —Xr = Xy, +R)
my = %(2513 —Xr — Xy — R)
mi, = %(Zr"ng + Xr + Xy + R)

where R = \/4A2 4 (Xr — X,)%, X = Z5Aovcos(B) — psusymr,
Xu = Agvecos(B) — psusymy tan(B)

(14)



Flavour Violation

Higgs to
tau muon
ina
MSSM
flavor
extended
model
Mexican =N 1 0 0 0 0 0 %1
orksh ~ @ @ [y @
! fiL 0 —sin £ —c?si 0 sin & c.osf [1
Parices :FL _ 1 [ 0 cos¥ —sing 0 —cos¥ sing 12 (15)
ér V2 0 0 0 1 0 0 &
e ;ER 0 —sin % cos % 0 —sin % cos % [3
B TR 0 cos¥% sing 0 cos¥ sing A
Thesis Ad
ot ‘F hD where oA
ez sing = ——on—2 | (16)
Bocl 4A§ + (Xz — )(3)2
Xo — X
cosp = X=X 17)
R 4A§ + (X2 — X3)2
Ansatz for

FV in
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The Supersymmetric Lagrangian which models the interaction of the Higgs boson
with the fi;, 7;, where j = 1,2 is given by

1 o I R
Lygr = [Qu+6(=5+ se)lii i h® + [Qu — G Jfigiirh® — Hyulii} firh® + figfieh°)
1
+ Q4 G(=5 + SINFL ALK + [Qr — Gsi)FTrh® — Hr[F Frh® + TR7Lh']
where
Qu,r = %, G = g M;sin(a + B), Hu,r = 254?26.7;5 (Au,rsina — pisusy cosar)

The Lagrangian that modelates the interaction of Bff is , where f = i, 7

Lgozr = — % B { [—tanf, PLlil i+ [2tan6y, PRljiku + [—tanfy, P17 + [2tanfy PRI7S



One-loop Diagrams

Higgs to We calculate the branching ratio of the decay with one loop correction. The
tau muon

o Branching Ratio will be given by the sum of the different contributions of the possible

hffllSSM Feynman diagrams, with one loop quantum correction.
extended
fesere r(h— >
del BR(K— > 1) = (= > pr) (19)
" A 7 rtot
\ where
Par E
and 1 (mpoc— =L)p
s = i [ e e,
o " 8mhmyo (my+my,)e Et+
Comared (20)
Thesis Ad
eims (k)
B ﬁ1,2ﬁ1=2( C|1 )
B(q,)
al o
Tl a, )
mk,)
Figure : Generalized Decay of - > T, where pi1,p2,71,72 are the s-leptons
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Loz

+

+ o+ o+ o+ o+

1 I
{5(Qr + Hr) + 2 (Qu + Hy) = 4 GYfinfin
2 2 1 O~ ~
{sgp(QT - H‘r) + C¢(QH — H/‘) — ZG}h [ fio
1
{3(Qu = Hu) + €3 (Qr — Hr) =, G}hPRi7
2 2 1 O~ ~
{snp(Ql»L + HI»L) + CQP(QT + H‘r) - ZG}h T2T2
1
2= 452 RO i1 fiz + cpsp(@r — Qu + Hr — Hu)hPfir T
1
ZG(I — 4s3,) W fiafin
Co5p(Qz — Qp + Hy — Hr ) fin 7y
1
Cp5p(Qr — Qa + Hu — Hr)h0F1fip + Jea- 452)h071 7
Cp5o(Qr — Qu + Hr — Hu)h®%afi

1
2 C(L— 45,77 (21)
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Lagrangian BF7 with the Matrix Ansatz

I+ 4+ +

+

% Btané,, { o (3 + v5)firp

Sp(3 + v5) a7
Cp(1 + 3vs)fiop
(1 + 37s) fiaT
Sp (14 37v5) 71
Cgp(l + 3’75)7117'
Sp(3 4+ ¥5)T2p

Cw(3+75)7~'27}
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5 (BB )+ (PP =I5y mem |

Higgs to
tauvmuon 2
B 2 _ 2 f 1Sl
el (%
extended
model (22)
n We have that
oF
: 1 (myc — EL)p
Part 0 2V T e P
S M(H0— > ur) = / Myl dE (23)
! el %: 8mhmypo (my+my,)e J Et+
E ““‘H"“ Substituing [M|? , we obtain.
Castafied
\“[“,‘Vr‘m’rj M- > ur) :Z;W' 2 (|Sjk‘2 N | Jk| )(E-E +p2)
G T 8m2hmypo Jk c? c? s
Bock
S(ET — myoc?)p
PR = 15iPymem. | [ NEr = moe)P 4,
(mr+mpy)c? Er
(24)

|aﬂ<| P

(> 1m) =3 ot {USKP +1PUP) (- + ) + (P4 — 142)mrems }

2
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ik and Pj terms

ff Si Pi
g | -8 C;;,” {Bjx = Fol G + Cho,ir (X mg + mr )]} 6im*mgFeoys
finfhz 6in2ms Feo 8 C;g; {Bj — Feol G + Gy (mr — Cmgls
e 0 0
firF —BCLOL‘”{B/-,( = Feol G + Chopr (mr + Rmp )]} 6in?Feoms
fizin 6in2m; Foo —Sﬁ{m — Feol G+ Cpopr (g + mo )]}
fiofia scgﬁ{lsjk = FeolGix + Cpopir (mr — R )]} 6im2Feomgys
fiFy sc;'g; {Bj — Feol Gic + Cyopr (mr — Wimp)1} 6in2Feomg s
) 0 0
Tijia 0 0
Ay | 8 CZW {Bj = FeolGix + Cio,,r (mr — 2mp)]} 6in?Feomps
LG 89’:,” {Bjx — FeolCix + Cip,. (mr — R2mg)]} 6im?Feomp s
f1f 6immpFeo -8 C:;'W {Bj = FeolGix + Cio,,, (2mg + mo )]}
fofir | —8 c;;rw {Bjx = Feol Cix + Cho,ir (mr + 2mp)]} 6im2Feompys
Tofio 0 0
P 6im2mgFeo 3%{@ — Feol G + Cypyir (mr — D impl}ys
| -8 c:a”,” {Bjx = Fol Cix + Cho i (X mg + mr )]} 6in?mg Foos

Table :

It is shown the Scalar and Pseudoscalar parts of M.
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7 L

i | —8wp i izc“’ tan®f,,

firfip | — Pzl S a2,

LG , 0

i | a2,

fiofix —Lo“”‘fﬁg “Y tand,
-2

fiofia | ~840,py1, s tan*Ou

fof | —nf% g,

fiaT> 0

T1jia 0

T1fi2 8y %tanzf)w
P 2

AR | - ang L,
P 7

#15y Rt ?Bg % vanb,,

P iv)

Tofin - /gh%fﬁlg e tan®6,,

Tafio ~ 0

Tof1 77%0;21%6# e tan%6,,
P 2

) _7112,,0;2;%: aid tan?0,

Table : ajk
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8it jit

fia

fi

)

i | (0 +Hr)+ Qi+ H) - 46 16(-4)) 0 ¢so(Q: - Qut B - Hy)

i %6(1“%) Sé(QT‘HT)“'Cg(Qu‘Hu)‘%G €5,(Qr = Qut Hu - Hr) 0

i 0 6p5(Qr - Qut Hu - Hy) 5,25(0;‘ -+ ci(O,— -Hh)- %G %5(1 -i5)

f ¢so(Qr - QutHr - Hy) 0 10(1-4) 5(Qut B + (@ +H) - 36
Table :

Expressions of the respective interactions of the Higgs boson h° with the s-fermions




B0 and CO Functions
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v 2 2
Ny Bj = myomu[Bonjk — Bombj] + myomz[Bonjk — Borbk]
flavor 3 3 2
extended — m,[Bonjk — Bombj] — m7[Bonjk — Botbk] + mum=[Bonjx + Bombj — 2Botbk]
model
2
) +  memy[Bokjk — 2Bombj + Bobk]
! 17 an (26)
2
o Fid Bowwk = Bo(m?, mi ’”f)
2
_ Bonjk = Bo(mjo, m mz)
Espinosa 2
“"\— fie ‘ BOmbj = Bo(m/,u m B m”)
isor:PhD
Melina Feo = CO(m? my, m2 m2, m m mB) (27)

d*ay
) ((q1+k2)? *m~)(q1*m~ Y(q1+hko+ki)? *m%))
And in general the substraction in terms functlon B0 where

Aij= \/[mu (m? + m2)]2 — 4m?m3

where im?Fco = [ @

e

2 2 2 2 2 2 m,?—m? m
BO(m;, my, m3) — BO( m17m2) (my —m3) 2 2J In]
m:m; my

]

A:
+m—J2{In[2m1m2] — In[m? + m3 — mf + A1}
1
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Results

BR(h°->tu)

|
w

0 1000 2000 3000 4000 5000
mO(GeV)

Figure : Plot Branching Ratio and myg variating. All the values of AO,,ususy,tan(ﬁ), my

are variated.
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Figure : Plot Branching Ratio and jisus,. All the values of A0,mo,tan(B), mp

are variated.
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Results

BR(h°->1u)

Figure : Plot Branching Ratio and tan(3). All the values of A0,mg, ftsusy, Mp

are variated.
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BR(h°->tu)

K 500 &00 VOO 800 900 1000 1100 1200

AO(GeV)

Figure : Plot Branching Ratio and A0. All the values of tan(8),mo,ftsusy, M5

are variated.
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BR(h°->tu)

|
w

0 1000 2000 3000 4000 5000
mb(GeV)

Figure : Plot Branching Ratio and mb. All the values of tan(83),mo, ftsusy, AO

are variated.
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1) The Ansatz proposed of the mixing third and second family whitin MSSM can
predict the Branching Ratio given by the experiment CMS.

Cles 2)The range of the free parameters for solving the range of Branching Ratio given by
and Fields CMS would be

. e 400 < m0 < 3800 [GeV]
o (600[GeV] < psusy < 1150[GeV]) U (1350[GeV] < fisusy < 5000[GeV])
isor:PhD o Restricted for tan(8) > 48

2 @ No trilinear restriction (A0)

@ No bino mass restriction (mb)

3) We need to overlap with other processes to find more restrictions to our free
parameters. Specifically with BR(T — puy)
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