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Fliggs flavor-conserving dilzpton decays
@ Data on the flavor-conserving channels

s Blh »>e"e )< 1.9x 102 at 95% CL from CMS 1410.6679

1.5 X 10—3 at 95%CL from ATLAS
1.6 X 103 at 95%CL from CMS

1406.7663, 1410.6679

s B(h — ,LL_I_,LE_) < {

B(h — 71~ _
4 ( ] = 1.12%9:25 a0 ATLAS+CMS ATLAS-CONF-2015-044

—0.23
B y T+ — CMS-PAS-HIG-15-002
(h' )SM

® For comparison, the SM predicts
s B(h—ete?) = 5.3 x107°
s B(h—>u‘y)=2.19x10™

s B(h—>717t) = 6.3%

® The SM predictions are consistent with the data.

J Tandean 12 Jul 2016 3



Hliggs flavor-cnanging dilzpton decays
® CMS results
s B(h—>put) = B(h—>u't)+8(h—u ) = (0.84773) %

B(h— ur) < 1.51% at 95% CL

4 B(h—etr) < 0.7% at 95% CL

s B(h—>eu) <0.036% at 95% CL

e ATLAS results
s B(h— ur) = (0.53£0.51)%

B(h—ur) < 1.43% at 95% CL

2 B(h—er) < 1.04% at 95% CL

@ A naive combination of ATLAS & CMS numbers yields 8(h— ur) = (0.73+0.31)%

® The minimal SM predicts no lepton flavor violation

# The tentative h—ut hint would be new physics evidence if confirmed by upcoming data.
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Minimal flavor violation

® The standard model has been successful in describing the current data on
flavor-changing neutral currents & CP violation in the quark sector.

® This motivates the hypothesis of minimal flavor violation for quarks:
Yukawa couplings are the only sources for the breaking of
flavor & CP symmetries.

s Effective field theory approach with MFV.

e [t's interesting to extend the MFV idea to the lepton sector
s This may offer extra insights into the origin of neutrino mass

s But there are ambiguities in implementing leptonic MFV.

e We consider an effective MFV scenario involving the type-I seesaw
mechanism with degenerate heavy right-handed neutrinos.

s MFV is imposed in both the lepton and/or quark sectors.

s This could also work with the type-lll seesaw case.
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Flavor symmetry in scznario with rignt-nanded neutrinos
¢+ The kinetic Lagrangian for SM fermions plus 3 right-handed neutrinos
L DiQu PQ,,, + iU gPUp +iD\ n @D, p + il PL; + 0z Pvp + B PE, 5

) U. V.
k=1,2,3 is summed over, QL = (D:)L)’ Lz = (;L), j=1,2,3
JL jL

(U1,U2,Us) = (u,c,t), (D1, D2, D3) = (d, s,b), (E1, E2, E3) = (€1,£2,€3) = (e, p, T)

¢ It's invariant under the global flavor rotations

Q;, — (VQ)jk Qurr» Ujr— (VU)jk Ur>» Dir— (VD)jkaR
L, — (Vo) Lyp s Vi = V) jxVir s E.p — (Vi) By g s Vx € SU(3)x

¢+ The flavor symmetry of the theory is explicitly broken by fermion mass terms
LD —(Y) Qi UpH — (Y0);,Q:y DypH — (Yo),, L, E, n H
— (Y2) EjLVk:RI:I - %(Mv)jku_gRusz + H.c.

Y.ave are Yukawa matrices, H is the Higgs doublet, H = i, H*
M, = Mdiag(1,1,1) is the Majorana mass matrix of degenerate v, ,,

¢ L is formally flavor-symmetric if the Yukawas are spurions transforming as
Y, > VY, Vi, Y,V Yy,V, Y, ->VYV!, Y VYOl



Flavor spurion combinations for MFY opzrators
* We work in the basis where Y, and Y, are diagonal

Yy = diag(yd7 Y, yb) 3 Y. = diag(yea Y. y,,.) ' Yr = \/§mf/fl),

and U,, D, and E, refer to the mass eigenstates. Thus

Vi U . U LV
Qj,L — <( CK_I\ng k:,L) Y Yu — V(J-KM dlag<yu? yc’ yt)’ Lj»L — <( PM%S)J’C k’L>

il L
y, = Y2y ml0MM* with 00T =1 and M = Mdiag(1,1,1
v PMNS " Tv v - v — g( - )

v

m , = diag(m,, ma, m3) Is the mass matrix of light vs

*x [he Yukawa combinations of interest

A, =YY = Vi, diag(y3, 425 ¥;) Vern B, = Y,Y, = diag(y3, 2, v})
i 2M ~1/2 foal/277% T . 2 2 2
AZ — YuYu — v2 UPMNS m, 00 m, UPMNS ) BE — Y;Y; - dlag (ye’ yu’ yT)

* Since y? > y?2, and sufficiently large M is chosen so that |(B,);x| < [(Ae)jxl S 1,
in our model-independent approach the pertinent spurion building blocks are

Aq — C1]1 ‘I’ Cz Aq _I_ C4 Az’ A£ — 51]1 _I_ £2 AE _I_ €4 A? Colangelo, Mercolli,Smith
104 and &, ,, are free parameters at most of O(1) with negligible imaginary parts.

Hence A — VQAqu, A, = VAV



M

frective Lagrangian with MFY

® The effective operators need to be invariant under the flavor rotations and SM
gauge symmetry.

» Effective dimension-6 MFV operators involving leptons & H

c 0D + 052 + 05D + 057 + 00) + 0f) + Hee) + -+

MFV 2 F(
A i1s the scale of MFV,

O = gE YA o, H'L B

Q
I

g ER}feTAgi o-pwHTTaLLchw

Oy = (D°H)'E,Y]AQD,L,

generalized from
1 7 r 1
05;12 — Z[HT(DPH) - (DPH)TH] L;v?AL,
oY) = i[H'r (D,H) — (D,H)'r,H| L,~"1,A® L

LL L

= A®2® and A%® are the same in form as A,, but have their own coefficients &,

@ If MFV is also imposed in the quark sector, it has an analogous Lagrangian.



MFY contribution to dilzpton Higgs dezcay
He, JT, Zheng, 1507.02673

(e3)
* Lypy O sz + H.c., 05 = (DPH)TERYeTADpLL

* Alternative h — ¢’ operator: H'HE, ., H'L,,

* They are related

O3y + Hee. = i[H'D,H — (D,H) H|(L,4*{A, Y, Y]} L, + 4E Y AY,Ey)

i
8

H'r, D,H — (D, H)'7, H| L "{A,Y,Y}|7,L,

. 00|,

:HTDPH + (’DPH)TH} L;~* [A9 }fe}feqLL

+ + 4+
Q0|

Q0| .

H'ir,D,H + (D, H)'m,H|L,~*|A, Y, Y]|7,L,

1 [<4HTH

2

8

— 2) m?E Y'AH'L, + 4L, Y. E,E,Y/AL,

+ ERYJA apwHT(g’Bp“’ +gT7, W)L, + H.c.]
+ (quark terms)
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Leptonic Yukawa couplings
¢+ Effective Lagrangian satistying MFV criterion
1 __
Lvpv D - (D H)'E,Y/A,D_L,

A isthe MFV scale, A, = &1+ &, A, + &, A7

§, 5 4 are free parameters at most of O(1)

¢+ Effective Lagrangian describing h — ff’
Lnsp = _T(y;’fPL + Yy Pr)f b

Decay rate Ty, ;7 = T (nyf,|2+ (Vs 4] )

¢ Combined SM and Lypv contribution to h — E_ E;"

2

- 5 SM mElmh A

mEk

v

12 Jul 2016
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Constraints on leptonic Yukawa couplings

® Indirect limit from new MEG data B(p — ey) < 4.2 x 10713

\/’ (y,u,u + ?““)yue + 9.19 y,un- yTe‘2 4 ’ (

r, = 0.29

Vo +7,)Y0, +919Y, YV, |° < 44x 1077

LU

® From LHC data on h— ufu-, v

o C

& C

J Tandean

‘yuu/yfme < 6.5,

MS data on h— ur

0.9 < |V, /YN < 14

2.0 % 107 < \/|V, P+ V. < 33x 107

MS data on h—eu, et

\/D}eu‘z + [ Vpel? < 5.43 X 1074,

VI Ver2 +1Vre2 < 241 x 1073
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Numerical exploration for lepton Yukawas

* In the SM plus 3 degenerate heavy right-handed neutrinos
2M

’U2

U A 1/2001‘ ~ 1/2UT

PMNS PMNS

:£1ﬂ+€2A£+€4A§’ AEZYVYI/T —

M, = M diag(1,1,1)
*x It O inY,isreal, |V, | canonly reach ~2x107* <« [YM|~ 3 x 1073

* To attain |Yo9|, less simple structure of Y, is needed, particularly with

_ 0 Ty Ty
complex O so that 00" = e**® with R = (—Tl 0 ”“g) and real r, ,

—Ty —Tg 0
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Numerical results

a; " . " 10°¢, {AQ 10°¢, /_A2 10°¢, /_A2 ysﬁ y’;ﬁ yg& Vel 1Verl  1Vurl
T om (Gev=2) (Gev=?) (Gev=2)| V2" Vi Yoy 1076 107% 1073
0 0 0.8l -16 -089 -75 6.4 58 | 1.6 1.3 095 1.0 0.1 3.2
NHI o o0 —-090 18 —0.92 -84 6.0 71 | 1.7 1.3 097 14 04 35
0 023 074 —-08 -023 70 -53 -75 |046 077 115 15 1.7 3.3
0 0 004 0.63 —093 —7.9 8.8 30 | 1.5 1.2 1.08 23 29 3.3
IH| o o 002 —075 1.1 -62 37 77 | 14 11 097 22 12 32
0.79 1.3 —0.61 —0.79 14 —6.8 5.0 76 | 1.5 1.0 09 1.2 04 35

Leptonic Yukawa couplings for sample values of the Majorana phases «y 2, parameters r; 2 3 of the complex
O matrix, and coefficients &; , , in the MFV matrix A which can yield |V, |23 x 1072, corresponding to

measured neutrino mixing parameters for the normal (NH) or inverted (IH) hierarchy of neutrino masses.

* In these instances B(p—evy) = (1.8 —4.3) x 10712, B(pAl — eAl) = (2.3 — 8.2) x 107 1°

e |Y,I/|Y.|~10 or more, consistent with CMS h—er, ur results

e The Y, and Y, predictions are testable with future collider data

® MEG II may probe the u—ey predictions more stringently
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Grand unification witn MFY
® In grand unified theories, quarks & leptons appear in the same representations.

® In the Georgi-Glashow GUT based on the SU(5) gauge group

/(D;’R)C\ [ 0 (Uir)" —(Ufr)" —Uir —Dip
(DZ R)° (U )" 0 Unr)” -Uir -Di,
5: = | (D) |s 10: x = % U2Rr)° —(Uigr)® 0 -U3, -Di, |, k=1,2,3
Ek,,L UI%,L Ulf,L UI::,L 0 o (Ek,R) :
\ VL / \ D;. 1. Di 1 D; (Ek,R)c 0 /

¢+ Fermion mass Lagrangian

. ) (Ag) \
L7 = (M) ¢gxl HE + (A10) XEXL Hy + MLM ¢13224Xl Hy

+ (A1) VI’cI:RI'bl Hy — %(MV)kl VI;[:RVL,R + H.c.

the \s are Yukawa matrices

GuUT

<1

Yioc Ay, Yioccd +eX,, Yo —3eX, Yi=X, e= v
P

Hs and X,, are Higgses in the 5 and 24 of SU(5), the Planck scale My > Mcy.

¢ £897 js formally flavor-symmetric if the fields & Yukawas transform as
Y= Vs, X = VigX vp = O,vp, V5,10 € SU(3)5 10
AD — VEAOVE A, — O NV, O, € 0(3),

10 °?

A10 — ‘/IBAIOVT

10°



SU(5) 6UT with MFY

® The effective new-physics Lagrangian contributing to h— f'f need to be symmetric
under the flavor group SU(3)s9SU(3),®0(3); and also SM gauge invariant.

® Flavor rotation properties of fermion fields and Yukawa spurions in £¢V*
Qp = VieQry, Ur—=>ViUg, Dip—=ViDy,, L, —=V;L;,, Ep—V,E,
Y, > Vi )Y, Vio, Y=V YV, Y, WY Vi, Y, o WYOo;

~

: : C o (@
e Effective Lagrangian satisfying MFV criterion LT 5 — + H.c.

MFV A2

O = (DnH)TER (YeTAa + Y/ A, + A;rle* + A:}FzYeT + A;zr?)YeTAe?, + A;F4Yd*A£4)DnLL

qj

A~ A =T+ A+ A = VA VI, A, =YY]
By~ Ay =T+ 6A,+6,A] — VAV, A, =YY]
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Yurawa couplings

* |n the mass-eigenstate basis

o"h

o> —5 a7 P (Y.A, +CY,G™A, + C*AL Y,GT + C*ALCTY,

+ CALCTY, A, + C'ALY,G™A,, )0, B,

now Yy = diag(y,v,,9,), Ye=diag(y,,y,,9,), C=V.V,, G=V_V,

Vi, dr (Ver.er) diagonalize Yy (Ye)
* C & G appear because the nondiagonal Y, oc (A, + eX)T x YT (A5 - gekg)T

* Since C & G are unknown, for simplicity one may roughly adopt C=G =1

Grinstein et al.

in which case the £SYT contributions to h — E, E;" are

MFV

—1m?
Ve, — O %V;Ek = 2A2,Z [(Afl)kz mpg + (A@)kl mp +Mmp (Aql)lk T mg, (Aq2)zk

+ (MM AL, + (A, M,AT), |
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An interesting case

@ Aql contributing, the other As absent
A, =1+ A, + (A2

q
8.0_' L L L L L T LI L
750 . Regions of ({;,¢,)/A? (cyan and dark blue) which
i : satisfy the empirical constraints if the A,y term
S 700 1 is the only new-physics contribution in Y,
Z [ ] and (, = 0. For the orange and dark red re-
o 6 5:_ ; gions, the roles of (, and (, are interchanged.
W The dark (blue and red) patches correspond to
= 1V, .| ~0.003 and hence B(h — ut) ~ 1%.
+ 6.0r .
=
5.5¢ .
sob ] These contributions are determined mainly
80 -75 -7.0 -65 —-60 -55 -=5.0 by the CKM parameters & quark masses
10*2,/A* (GeV™?)
y y,u,u y y,ue y y‘r,u
< L — = — B(p—ey)  B(uAl — eAl)
g6 i 2 10~7 10~ 1073
-34 -25 1.1 —48-2.0i 59+24i -3.0+006; | 54x1071% 2.6 x 10719
—28 -19 1.2 —4.0—-1.7  49+20i —25+40.05; | 2.9x1071 1.5 x 10715
-24 -15 095 —-33—-14i 41417 —-21+004¢ | 1.6x10713 9.1 x 10716




Conclusions

Experimental quests for charged-lepton flavor violation offer excellent
probes for many models.

We have explored the flavor-changing decays of the Higgs boson into
charged leptons in the MFV framework based on the SM extended with
the addition of right-handed neutrinos plus effective dimension-6
operators and in its SU(5) GUT counterpart.

The non-GUT framework involving the type-I (or type-III) seesaw
mechanism can accommodate the recent tentative hint of h— ur from the
LHC with 8(h— ur) ~1% if the right-handed neutrinos have nontrivial

couplings to the Higgs boson.

In the SU(5) GUT case, there can be instances in which 8(h— ur)~1% is

achievable with contributions depending mainly on known quark
parameters and the predictions on other lepton-flavor-violating
processes, such as u — ey, are potentially testable by upcoming
searches.
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