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The Higgs boson Experimental situation
Flavor changing Higgs couplings Higgs and flavor

Hints for the Higgs Boson

After winter conferences several hints for Higgs boson from ATLAS, CMS,

CDF and DO
» excess in many channels: h — yy, h - WW, h — ZZ, h — bb, h — 11
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Excluded region: 122.5 < My < 127.5 GeV
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Discovering the properties

125 GeV Higgs is a particularly fortunate value for the LHC, because many
decay channels are open for that mass

@ s
o 8
= H
s 2 my = 125 Ge¥
2 § +
8 s3fgspfovaefgeay
S « O 5 0 205 30« 0f € o
& 3t o o 1
.
| J ] |
=
i ] 1
= =] = ol oy i " "
g 1! I ﬁj [ 1 J TR
10° 0 1
100 120 140 160 180 200
M, [GeV] o

Giardine, Strumia et al '12

It is possible to test the Higgs in many channels and to check if it is exactly as
in the SM
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Higgs and flavor in the SM

Standard Model Higgs couplings to fermions

— when you diagonalize masses you diagonalize Higgs-fermion interactions
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Flavor Changing Neutral Currents are very suppressed
> loop suppressed
» mass (GIM) suppressed
» CKM suppressed
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Higgs and flavor Beyond the SM

Many BSM models predict Flavor
Changing Higgs couplings

» multi Higgs dublets model
(eg 2HDM in non decoupling
limit)

» pseudo-dilaton (Goldberger
et al '07)

» composite Higgs in which
Yukawa are function of the
Higgs field (Giudice et al '08)

8. Kraml et al., CERN-2006-008,
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Flavor Changing Higgs

Effective Flavor Changing Higgs couplings

Which are the FC Higgs couplings allowed by the data?
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Quark sector

The Higgs boson
Flavor changing Higgs couplings

Low energy bounds
Higgs decay at LHC

Bounds from AF = 2 processes

Operator

Eff. couplings

95% C.L. Bound
[Cegt IIm (cefr) |

Observables

(5r dr)(5rdr)
(sr dp)? (51dg)?

Csd Cgs
C2 C(3
ds’ ~sd

11x10°10 [ 41 x 1013
22x10710 | 0.8 x 10712

Amyg; €x

(Crup)(erLur)
(crur)? (eLug)?

Ceu Clc

2 2
Clcr Ceu

09x107 | 1.7 x 10710
14 %1077 | 25x 10710

Amp;lq/pl, ép

(brdr)(brdr)
(bg di)? (brdg)?

Chd C*b
2
Cdbr Cba

09x10% | 27 x107?
1.0x 1078 | 3.0x10°°

Amg,; Sy pk

(brs)(brsg)
(brsi)? (brsg)?

Cbs Cgyp
Csbr Cb

20x 10~ 20x 10~
22x1077 | 22x1077

Amg,

+ similar bounds from rare B decays (B — p*p™)

Bounds on FC Higgs coupling very strong:
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Lepton sector: tree level

Low energy bounds
Higgs decay at LHC

Three body decays and u — e conversion in nuclei

Operator Eff. couplings Bound Constraint

(R eL)(quR)r |CH.E|2/ |Ceu|2 3.0 x 1078 [*] ‘Bu%e (Ti) <43 x 1012
(Tr L) (RLUR), - lceul? Teul? 20x 107 TP [ T(t — ppp) <21x10°8
(Trer)(RLuUR), - lcrel?, lcexl? 48 x 1071 [*] Nt—epp) <27x10°8
(trer)(fiLer), - | lcueCiel, Icuecrel 09 x 104 Mt — fiee) <15x 108
(trev)(frer), - | lcgucirl lcg,crel

(Tr ) (L uRr), .. |CeuCHT‘ [cepcrpl 1.0 x 104 I(t—epp) <17 x 1078
(Trp)(BrEL), | Icfieciinl, IefieCrul

> ... — other possible operators of the same type but with different chiral

structures

> [*] — assuming diagonal couplings as in the SM — ¢ =y =
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Low energy bounds
Flavor changing Higgs couplings Higgs decay at LHC

Lepton sector: 1 loop

> logarithmically-divergent corrections to the lepton masses
1 L m?
M= G _cucimilog () Bl <me @)
j#

> anomalous magnetic moments and electric diapole moments

4m? mZ 3
‘6(1@‘ = e 2 ZRQ Cg]C]e (IOng:zL — 2> ’ (4)

2m m2 3

= I log —% — =
‘dl‘ (4’7’( ; m C@]C]l) < Og TTL? 2) (5)

> Lepton Flavor Violating decays
Il —4y) = ‘16 (IA P +IARP) (6)
with coefficients
1 . 2 3

AR | = @y IceTcw\E—% (lognn?zi — 2>, |ALlforci; — ¢ji (7)

1 m m2 4
AR = (47T)ZICeTImif2T <logm£‘ — 3>, |AL [ forci; — c5i (8)
h T
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Lepton sector: 1 loop

Low energy bounds
Higgs decay at LHC

Eff. couplings Bound Constraint
[cercrel (lcenCpuel) 11x 102 (1.8x 107 1) [6me| < me
IRe(cercre)l (IRe(cepcpe)l) | 0.6 x 1073 (0.6 x 1072) [8ae] < 6 x 10712
Im(cercre)l (Im(cepcpe)l) | 0.8x 1078 (0.8 x 1077) |de| < 1.6 X 100% ecm
|Cu~rc-ru| 2 Iémul < my
|Re(c|,urcfru)| 2x 1073 |5au| <4x107°
Im(cprcry)l 0.6 ldul <12 x 1071 ecm
lcerCrul, ICreCyrl 1.7 x 1077 B(p — ey) <24 x 10712
leurl?, leopl? 0.9 x 1072 [*] B(t— pwy) <44 x 1078
Icecl?, lerel 0.6 x 1072 [*] B(t —ey) <33x1078
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Lepton sector: 2 loops

Loop suppressed but proportional to
only one lepton Yukawa (enanched)

Eff. couplings Bound Constraint
lcenl?, lepel? | 1x 1071 ] | B(n— ey) <24 x 10712
lewel, leeu? | 5x 1074 [*] | Bt — py) <44 x10°8
|CeT|2/ ‘CTe|2 3x10* [*] B(T — e'Y] < 3.3 x 10-8
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Conclusions

Higgs FC decay

v

B(h — qiq;) < B(h — bs, 5b) <4 x 10~*
> B(h — tii+ pt) = 0(10%)
> CPV phases can be even O (1)
> not unnatural couplings needed (|¢xl, Iccpl < yr)
» i |Cor(re)/ € pun(ap] < 1072
» B(h — te+et) — 0(10%)
> if neglgleble CPV phases (edms)
" if | pr(ep) / Cerfre)| < 1072
the two before not togheter (L — ey)

v

v

B(h — fie+efi) <3 x 107° (4 — e conversion and p — ey)

To our experimental collegue:
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