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Lepton flavour violating Higgs decays

CMS result 2014: g
CMS /|

BR(H — Tp) = (0.847357)% 2.40 excess

ATLAS result 2015:

BR(H — 1) = (0.77 £ 0.62)%




CMS 19.7 o' (8 TeV)

ue, 0 Jets

1.32% (exp.) .0 ® Observed

2.04% (obs.) X Expected

ne, 1 Jet

- Expected + 1o
1.66% (exp.)

2.38% (obs.) D Expected + 26
ue, 2 Jets

s77% o) EREEERIi ATLAS arXiv:1508.03372

e, 0 Jets
2.34% (exp.)

2.61% (obs.) SR1 SR2 Combined

e, 1 Jet

2.07% (exp.) - Expected limit on Br(H — ut) [%] | 1.60+06% | 1757071 | 1 24+050
-

-0.45 -0.49 -0.35
2.22% (obs.)

e, 2 Jets
2.31% (exp.)

Observed limit on Br(H — ut) [%] 1.55 3.51 1.85

3.68% (obs.)

H-out
0.75% (exp.) l L

Best fit Br(H — ur) [%] —0.07*08L | 1.94%025 | 0.77+0.62

1.51% (obs.)

I 1 : JicERessgit et ) | 1 | | I I JREL i | (] | | 1 |

0 . 6 8 AN Naive average of ATLAS+CMS: B =0.8 £ 0.3
95% CL limit on B(H—ur), %

from Landsberg @ SCALAR 2015



Model Independent approach

Assumption: SM contains all relevant degrees of freedom at energies few
hundred GeV .

General parametrization of Higgs couplings to charged leptons
after electroweak symmetry breaking:
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Experimentally measured [ — 17 event does not depend only on Yo, Yy COUPLiNgs,
but also on couplings contributing to total Higgs decay width and production cross

section.
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0.0019(0.0008) < \/ Yrp|? + |yur]? < 0.0032(0.0036) at 68% (95%) C.L.




Testing robustness of the lower bound on LFV Yukawa couplings

allowing for non-SM production and total decay rate

Decay channel Production mode Signal strength (
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Higgs data fit

Red: only htu .
Blue: All couplings
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0.0017(0.0007) < \/ Yr|? 4 |y.r |2 < 0.0036(0.0047) at 68% (95%) C.L

Main goal of our study: to interpret these bounds in terms of NP!




Flavor violating Higgs decays

Leoff = Z CijdlLd{Qh + Z C,-jﬁ’Lu{Qh
i,j=d,s,b (i#£]) i, j=u,c,t (i#]))
i Harnik, Kopp, Zupan,
+ ) cjflph+He 1209.1387;
1,j=e,u,T (i#]) Goudelis, Lebedeeyv, Park,
1111.1715;

Blankenburg, Ellis, Isidori,

1202.5704.
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In the quark sector strong bounds come from AF=2 sector.



In the lepton sector no analog of AF=2 transitions.

I
Higgs coupling to tree level decays of charged: lepton flavor <
violating (LFV) decays and p-e conversion in nuclei;

One-loop induced amplitudes:

a) Logarithmically divergent corrections to the lepton masses;
b) Finite contributions to the anomalous magnetic moments and the
electric dipole moments of charged leptons;
c) Finite contributions to LFV processes
li — lj’}/




Eff. couplings

Bound

Constraint
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2

2x 1073

0.6

1.7 x 1077

0.9 x 1072 [*]

0.6 x 1072 [*]

|dme| < me

18a0| < 6 x 10712

Ide| < 1.6 x 107%’ecm
|omy | <my,

18a,,| <4 x 1079

d,| <1.2x 107 ¥%ecm
B(u—ey) <2.4x 10712
B(t — uy) <4.4x1078
B(t —ey)<33x1078

Blankenburg, Ellis, Isidori, 1202.5704

Interesting: Barr-Zee two-loops, with
top-quark in the loop, can be important
( Davidson, Granier, 1001.0434,
Goudelis, Lebedevs, Park, 1111.1715).




Effective Lagrangian approach

Integrating out heavy Higgses, fermions, scalars, keeping terms up to dimension 6:
(Harnik, Kopp, Zupan, 1209.1397)

(87 8 ]‘
Ly, = —\LHLE; —X]BVFLH E;(H{H,) + h.c.

multiple Higgses  H,, = (hl, vy + Toh + .. Nt
Electroweak precision

tests constrain Z’Ui ~v? /2 Z ol ~1/2

(6% (87

Dimension 6 creates mismatch between masses and Yukawa matrices:

_m; m _ v’ :
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Vo, A2 Vo U3 Usy

Two possible sources of non-vanishing y,, and y,. (7, = Ua/’U )
a) If x, 7§ Vg . first term isdifferent then 0 (NP possible bellow NP scale
Two Higgs doublet model!)

In single Higgs theory, first term vanishes (v = v/\/i , L1 = 1/\/5 )

b) If the first term vanishes, then LFV Higgs decay is due to second term.

If only one Higgs, CMS result can be interpreted as giving bound on the NP scale

0.84%
B(h — Tu)

1/4
A~ 4 TeV K ) (\VLXng\EM + \VLX”lv;\fwﬂ



Hierarchy between tand p mass (Cheng- Sher anzatz)

o ! /T, T B (Cheng, Sher, PRD 35,3484,
\?mem\ ~o y = 0.0018  granco et al, PR 516,1)

0.005F w
0.004 |
: One more model independent constraints:
0003 Operator of dim-6 will mix with the SM.
= k In single Higgs setup A" will mix under
0.002 | charged lepton renormalisation!
k Small effect - according to:
0.001 95 Jenkins et al., 1308.2627,
& Jenkins et al.,1310.4838.
0.000 L, ‘

0000 0001 0002 0003 0004 0005
[yzul



Constraints from t radiative lepton flavor violating decays

Important for phenomenology: UV finite one and two-loop contributions to
radiative LFV decays, anomalous muon magnetic moments, lepton dipole moments.
The stringent constraint comes from t LFV decays.

£eff. — C[, QL'y + CRQR’y -+ h.c.
Harnik, Kopp, Zupan,

Or.ry = (e/87%)m, (o’ Py rT)Fop 1209.1397;
Goudelis, Lebedeev, Park,
1111.1715;
Blankenburg, Ellis, Isidori,
T Yru 1202.5704.
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10—8_
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Comment on LFV Higgs decay and t radiative decay:

L ~ (3,1), E ~ (1,3) under G, =SU(3), x SU(3)r € Gr
EHE(HTH) dim-6 part of the Lagrangian transforms the same way as

LH(c-B)E and LTH (o -W,)E

If [_/HE(HTH) is generated at loop level, then in the loops are necessarily
charged particles.

Therefore:

CL.R ™ 8TYrppur VM

It implies that for B(h — Tpt) ~%level that B(7 — )
can be an order of magnitude bigger!

It means that an accidental cancellation should occur in the amplitude of the
radiative decays (of the order 10-3)!



Additional correlation: 1, — ey and p—e conversion

’g assumption: h_, coupling is nonzero!
M ’/ T \\ €
A% .
ulN — eN
h — Tu h — T1e

B(u — ev) ~ 185 (|yuryrel” + [YrpYer]?)

Bl = )aw = 467 x 107 (|gertyyr * + [gretirul”)

B(u — ey)
10-13

B(h — 1) x B(h = 1€) = 7.95 x 10710 [

] +3.15 x 1074 [B(“ — e)Au]

10-13
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projected Mu2e limit on pe <6 x 10/



From symmetry point of view, LFV Higgs interactions:
L ~ (3,1), E ~ (1,3) under G, = SU(3), x SU3)g € Gr

In SM (without neutrino masses) Yukawa matrix A ~ (3,3) isthe
only source of G breaking.

At tree level there are only possibilities:

1) Extend scalar sector:
- 2HDM type lII;
- Scalar leptoquarks;

2) Extend fermion sector: vector-like leptons;

3) LQ + vector-like up-quark (?).



Two Higgs Doublet Model-Type Il

Framework Hg HT
_ - u
(e.g. Branco et al, PR 516,1; Hq = H; )’ Hy = HY

Crivellin et al, PRD87, 094031)

1 . :
H) = 7 (H”sina + h° cos a + i A” cos )
: 1
5 physical scalar states: | j9 — (HO cosa — hlsina + 1A% sin [3)
H, HO, HE, A V2
H' = H" cos 3
H? = H sinf
2 2
Uy B my +myz
2 parametrers: tan ff = v’ tan 2o = tan 2[5 m? —m%’
tanB, m, 2 2 2 2 2

2 2
My+ = M4+ My My =My + My — My



Couplings to flavors

* No restriction on Higgs couplings to fermions;

* Tree level Higgs couplings:
- charged and FCN transition in the quark sector (K, D, B, mixing and rare decays)
- lepton flavor violation

_|_
3/ i y i _
L= ﬂkaLfZR@—I— \/§H+VLf€RZ—|—hC
mg "
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+ . mgi
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Constraints from 7 — W7y

// N // \\
T ‘/ 1% \\. % T ‘/ T \\ 2
L 4
Yrr yT,u

At one loop level amplitude is proportional to product of small Yukawa
and LFV coupling.

Barr-Zee contribution dominant!

Chang et al., PRD48, 217



B(h—1p)
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67_7_ from ATLAS + CMS data
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M, My
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e | <

‘perturbativity” condition fulfilled:
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works up to m,~ 0.5 TeV



B(h—te)

B(h—1u)

B(h — 1e) <6 x 107°

(taking central value of

h — 1)

From SINDRUMII u - e

1 conversion on AU

EPJC47,337;
and MEG 1303.0754

B(p — ey) <5.7x 107



Extended fermionic sector: vector-like leptons

Vector-like fermions appear in some GUT or in scenarios with compositeness

o ( ) g ( ) ( ) (172)1/2 N> (172)—1/2
U3), xSU2), xU(1)y either weak doublet (L) or
(17 1)1 D (17 1)—1 singlet (E)

Higgs couplings to VL are directly related to Z boson couplings
(SF, Greljo, Kamenik, Mustac, arXiv:1304.4219)

g Ji | ji |
Lipy = Yo (XingVWJL ~ Y;ng”YW‘}%) Zy
Cw

X’T,u,,uT7Y’T,u,,uT 5 10_3 from T — j99939!

too small contributionto H — 7L



Direct couplings to the Higgs by mixing with heavy vector-like leptons
—Lyrr = o UPH(1 — )0 + A\gUPH(1 + ~5) 0L

+ My (AEVY + N LU + O 00" + CrU"¥") + hec.

mixing terms Dirac mass terms
Flavor off-diagonal Higgs coupling Falkowski, Straub, Vicente,
8V i 1% i+ _1. 13125329
€= M2 MO AwCR Al AwCp A SM leptons get masses only through

mixing with VLL
tree level

B(h=s"tp) 4w B(h — 7777 )sm ~ 9 % 107
B(r — wy)  3a B(r — puv)sm

one-loop



B(t-uy)



Scalar Leptoquarks

In B physics there are three puzzles:

BR(B — DWru,)

1) Rpey =

BR(B — D(*)MV;L) 3.50 Charged current

2) P/in B— K*u*u~ 30

FCNC

_ I(B—=Kuup) . . o .
3) RK p— F(B—)Kee) in the dilepton invariant mass bin 2 66

1 GeV? < ¢? < 6 GeV?
e.g. Bauer, Neubert. arXiv:1511.01900
Becirevic, SF, Kosnik. arXiv:1503.09024
Hiller,Schmaltz. arXiv:1411.4773
Freytsis, Ligeti,. Ruderman.arXiv:1506.08896

Dorsner, SF, Kosnik, NiSandzi¢. arXiv:1306.6493
Dorsner,SF, Kosnik. arXiv:1204.0674



Top-Yukawa coupling

“Higgs portal” coupling
L3> -MAH'HATA

 Loopinduced LFV;
* Need top-quark mass chiral enhancement: non-chiral LQ!

e« T — WY enhancedinthesamewayas H — Tu



(3,1, 1/3) leptoquark

A, used recently by Bauer &Neubert, arXiv:1511.01900for B anomalies!
Can couple to diquarks and destabilize proton.

ey - Ty
La, =yiuply Ay — (VgKMyijpMNS)d’j;VL TAL 4+ yiuRlp? A + hee.

3 2

am;  m;

124 1
20 emil mip

B(r — i) = m(an)? (Jufwl] + vl )

Constraints come from (g-2) , B(Z — bb)



Portal coupling has an effecton H — 7y and g9 — H

Higgs data fit
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(3,2,7/6) Leptoquark

Good candidate to explain Ry, anomaly (Dorsner, SF, Kosnik, arXiv:1306.6493 ),
cannot destabilize proton;

— 2/3 % S i AB/3%
LA, yzgg dj As / + (yLVCJJrKM)ij RUJLAQ/

- (yRVPMNS)ija%Viﬁg/ yw Rfj A, 5/3 4 h..

am?  m?

12,4
QWFmA

B(r — py) = ha(ze)? (lyiyl® + lyiyh)?)
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B(h—->1p)




Fine-tuning solution

LQ (3,1-1/3) and vector-like top partner T and T’ (3,1,2/3)
— L D gy Hty + yr@s HTh + My T, T + hec.

mt%ytv/ﬂa mT%MTa

myyr : my .
, sinfp ~ —sin 6y,
mryi mr

SineL ~

LHC lower bound on m; electroweak observable (p parameter) constrain 9,

mr = 700 GeV
sinf; = 0.2



LD yng(jfgLAle“bLCjb + yBJtRAlECJ + T’RAlECj + h.c.

After rotating to the mass-basis
LD y?{} (COS Ortr +sin HLTL)gngl + y:ﬁ (COS QRt_R + sin QRTR)ngAl :
+ ZC% (COS QRTR —sin HRER)Zngl +h.c.

OéEMm3 ‘y33 |2
2124l mi

B(r — ) = [yl myhy (m2/m3,) + 5 sin 0, mphy (m2/mi,)|°

N mt *
Numerical benchmark point  Yrp ~ 1672 v (0. 26932 +0.43 $32 Sin 9L)Q3L3

1 650 GeV cancellation in the rate for 7T — QY

mr = 700 GeV 952 = —0.63 553{%2 sin 0,



ma=650 GeV, mr=700 GeV, y5;=15. y5,=0.3 T, t, A, are running in the loops

1071} | (4 vertex + 4 legs) result is finite.

y:%y?%?)* = 0.47

best fit point for the h — T
excess.

-0.7 -0.6 -0.5 -04 -0.3

xR sin 6y

For mp > ma,T — A/ signature for LHC.



Summary

» Signal on B(H — 7‘,u) implies lower bound on Higgs LFV couplings;

» This bound is robust even after allowing for a deviation of other Higgs couplings

» From Higgs effective Lagrangian approach: Belle Il should observe T — 7Y

» Future pe conversion measurements lead to

B(H — tp)B(H — et) <1077

» Specific models are restrictive on B(T — ,LW).



1. Vector-like leptons (Leptoquarks) with loop induced H — 71 imply too
large B(T — uy);

2. Two Higgs doublet model is testable in B(T — ,LL’y) at Belle II;

3. Two Higgs doublet model is further testable by pe conversion.

Correlation B(H — T/L)B(H — 67’) < 10_10






ATLAS and CMS results on Higgs decay modes

ATLAS Prelim. |—o(stat)  Total uncertainty
= 125.36 GeV ___ (sysinc. + ) )
o ° ofifeor) ~*looOnp 19.7 6 (8 TeV) + 5.1 16" (7 TeV)
Hoyy |2 4 [ m,, = 125 GeV
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w=117357 158 —— n=100x013| Preliminary
| : ]
* +0.34
H- ZZ* - 4l t o3t e Untagged
W= 1.4470391'0% o w=0.87+0.16
| AL
* +0.16
HoWW S W o VBF tagged
n=1.097023 03 —— w=1.14+027
|
11409.6212 _ o
wali=0h -03 | VH tagged
w=0594102| —1— w=0.89+0.38
| |
_LAS-CONF-2014-061 a5
S [ ttH tagged -
w=1.4733163 e W=2.76+0.99
l I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
miild fb,0 05 1 15 2 0 1 2 3 4
\s=7TeV |Ldt=4.5-4.7 fb _ :
Signal strength (u) Best fit o/ Osm

\s=8TeV [Ldt=20.3 fb"
released 12.01.2015









