tion in tau decays

or when leptons interact with gluons

Based on A.A.P. & D. Zhuridov, PRD89 (2014) 3 033005-\;* e—— :

M. Goderinger, D. Hazard, A.A.P., 1o be pubhshecfmf;;h;’ _::_\_._‘:_f_;; =
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Introduction: leptonic FCNC

* Why study flavor-changing neutral currents (FCNC)?

% No trivial FCNC vertices in the Standard Model: sensitive NP tests
% Possible experimental studies in a lepton sector

- lepton-flavor violating processes Babar BELLE
-4 — ey, T ey, etc. Channel L Bur, L Byy,
() (10-%) (o) (10~%)
-y — —

W= eee, T Lee, etc. = S 232 11 535 12

-ye > ey oty 232 6.8 535 45
T+ pifﬂi 92 11-33 535 2-4

- Z°— pe, Te, efc. ri e r0 339 13 401 8.0

+ :t 0 ¢ )

CWO(RO N0 N s — pEr 339 11 401 12

K” (B°, DY, ...) = pe, Te, eftc. ety 339 P 401 9.2

+ + + + + + = 3

- K* (B*, D, ...) = m'ue, m'Te, etc. = 339 15 . 6.5

™+ — ety 339 24 401 16

-p+(AZD)— e+ (A 2D = uEy 339 14 401 13

BR (K} — pe) < 4.7 x 10712
BR (B) — pe) < 1.7x1077  [Belle]
BR(B? — pe) < 6.1x107%  [CDF]

- lepton number and lepton-flavor violating processes
-(A,Z)—> (A, Z£2)+e' e

-y +(A,Z) e+ (A Z-2)

2

% Highly suppressed in the Standard Model, e.g. Br(u — ev) <1074

Vz
Upilei M2,

(2

3271'
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An example in a particular model:

% Consider an example: FCNC Higgs model & muon conversion

e.g.

% Couplings of new physics to light quarks are suppressed...
% ... same thing for tau decays

[ L T S LA S VS ST D IR Ny SR ML SO S VS AL SR AR e S A S e e L
Alexey Petrov (WSU & MCTP) 22 Portoroz 2015, 7-12 April 2015



Searches for Lepton Number Violation

— _1 L
2 10 b+ S
o) s F u ® 9 i
_§ 10 | [ n S
_ c =
| 5 F
% 10 | + A.. ® ® 8 ©
o 7 F ++ 8 8
o L
> 9 [ i g i Q o
O b S
§ 10 * +$A , O X &
Q - tu —ey [ *
~ -1 i ) A
© 10 | ®yuN->eN n . -H' 9 I 4
®  aaf Cwe-—ye A [ ‘
X 10 - Au —eee B e
£ ; s | 0:L_’m+p‘e +
= 0 - * —>ue
[T L
c 7F 0K —aue - K
5 10 -
- [
5 10-19 S Y S S S S S B
1950 1960 1970 1980 1990 2000 2010
J. Aysto et al, hep-ph/0109217 Year
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What about taus?
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v Aly aa a4 A Y YY A aa A A 4,
-1 A v X v M
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What about taus?

w [~ —
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- A Ya

: - A

§3 i{lll||||l||IHIIIlllIIIIIIIIIIIIIIIIIHIIIJIIIIIE

8 TERRFFEERRAATTTTL T T 28 o :L:S.G):Lh'l:xx r:n:xg’ l:l:’xxxx<|<<|<
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What can we learn about NP from this data?
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Can leptons interact with gluons?
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Can leptons interact with gluons?

Can apparent superluminal neutrino speeds be
explained as a quantum weak measurement?

M V Berry !, NBrunner', § l’opescuI and P Shukla’

! H H Wills Physics Laboratory, Tyndall Avenue, Bristol BS8 1TL, UK
? Department of Physics, Indian Institute of Technology, Kharagpur, India

Received 12 October 2011, in final form 27 October 2011
Published 11 November 2011
Online at stacks.iop.org/JPhysA/44/492001

Abstract
Probably not.

PACS numbers: 03.65.Ta, 03.65.Xp, 14.60.Pq
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Abstract
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Can photons interact among themselves?

Yes, indeed!

Folgerungen aus der Diracschen Theorie des Positrons.
Von W. Heisenberg und H. Euler in Leipzig.
Mit 2 Abbildungen. (Eingegangen am 22. Dezember 1935.)

1 o’ . _
EefF — _Z p,uFMV + ﬁ {CI(F;WF“V)Q + CZ(F;WF“U)2} + O(me 6) )
e
_ 1 _
“CT 900 7T 360

Euler-Heisenberg Lagrangian

[ L T S LA S VS ST D IR Ny SR ML SO S VS AL SR AR e S A S e e L
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2. Effective Lagrangians for tau decay

* Modern approach to flavor physics calculations: effective field theories

% It is important to understand ALL relevant energy scales for the problem at hand

T e
Anr X
u,d,c,s,b, t
T e
T e
¢ >< .
u,d,s,c,b
g g
mp
T e
me - .
::>x<:: t,b, c
u, d
g g

RIS TR T
Alexey Petrov (WSU & MCTP) 17

New Physics generates lepton FCNC

heavy
quarks
decouple

Scale of the tau decay experiment

Portoroz 2015, 7-12 April 2015



An example in a particular model:

* Contribution of heavy quarks can, in principle, be large

% Two-loop sensitivity to NP in muon conversion experiment-...

,U/e e

% ... becomes one-loop!

It e
}
v H = gluonic couplings to hadrons are not
(always) suppressed!
q = NP couplings to heavy quarks are not

well constrained and could be large

[ T S L SO VS S DS BRSNS N P S, L0 SO E IS AL SR AR B e S A L S e e L
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An example in a particular model:

* Contribution of heavy quarks can, in principle, be large

% Two-loop sensitivity to NP in muon conversion experiment-...

#’/e e

H = gluonic couplings to hadrons are not
(always) suppressed!
q = NP couplings to heavy quarks are not
well constrained and could be large

[ T S L SO VS S DS IR Ny SR ML SO S VS AL SR AR e S A S e e L
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Effective Lagrangians

* Naive power counting: largest contribution from lowest dimensional operators

% Can write the most general LO Lagrangian 222 =12 Z Z qu eque b2 L H. c.,
1=1 ¢

- scalar operators Qgelez = (L1r021) (TrAL),
4% — (1rlor) (GLaR),
4% = (f102r) (GrAL),
1% = (f1.2r) (GLqR),

- vector operators Qq€1€2 . (Z1L7”E2L)(6L')’MQL)
349 = (01,v"021) (GRYuGR);
geleg = (L1rY"*2R)(@LVuqL),
4882 — (L1py*4aR)(TRYLYR),

- tensor operators (do not contribute to considered tau decays)

[ T S L SO VS S DS IR Ny SR ML SO S VS AL SR AR e S A S e e L
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Effective Lagrangians

* Naive power counting: largest contribution from lowest dimensional operators

% Can write the most general LO Lagrangian 222 =12 Z Z qu eque b2 L H. c.,
1=1 ¢
- scalar operators Qgelez = (L1r021) (TrAL),
0,0
3172 = (Lirlor) (GLar),
4% = (f102r) (GrAL),
1% = (f1.2r) (GLqR),
- vector operators Qq€1€2 . (Z1L7”E2L)(6L')’MQL)
349 = (01,v"021) (GRYuGR);
geleg = (L1rY"*2R)(@LVuqL),
4882 — (L1py*4aR)(TRYLYR),

- tensor operators (do not contribute to considered tau decays)

Is this correct?

[ T S L SO VS S DS IR Ny SR ML SO S VS AL SR AR e S A S e e L
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EW gauge invariance

% (Pseudo)scalar operators as given do not respect EW gauge invariance

- need to be induced by higher dimensional operators, e.g.

((1rHlo1) (GrHar)

[ L T S LA S VS ST D IR Ny SR ML SO S VS AL SR AR e S A S e e L
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EW gauge invariance

% (Pseudo)scalar operators as given do not respect EW gauge invariance

- need to be induced by higher dimensional operators, e.g.

Is!

((1rHlo1) (GrHar)

)
4

>
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EW gauge invariance

% (Pseudo)scalar operators as given do not respect EW gauge invariance

- need to be induced by higher dimensional operators, e.g.

2 —_
5 (Cirl2r) (Grar)

Q)
‘@

| A

(lirHlo1) (GrHqr) =l

)
4

>
—

[ L T S LA S VS ST D L U T E A N I R T N O e e T e S W DR
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EW gauge invariance

% (Pseudo)scalar operators as given do not respect EW gauge invariance

- need to be induced by higher dimensional operators, e.g.

g (€1RH€2L> (GRHC]L) » : (€1R€2L> (GRQL)

| S
>\e

- model examples? Note that we always have two scales present...

g @ -
s()
9 /_m ) /—m o+
CN—tanﬁ 61;N7Ta8
v
A* ~ (4mv) M2 At ~ (4mv)* M3 Potter, Valencia

- ..and for FCNC Higgs A ~ v

U T T R R N IR IR L T e e e T e e S S T
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EW gauge invariance

% (Pseudo)scalar operators as given do not respect EW gauge invariance

- need to be induced by higher dimensional operators, e.g.

2

| S
>\e

f_ (61RH€2L) (GRHQL) » (€1R€2L> (GRQL)

- model examples? Note that we always have two scales present...

g @ -
s()
9 /m 9 /—m o+
CN—tanﬁ 61;N7Ta8
v
A* ~ (4mv) M2 At ~ (4mv)* M3 Potter, Valencia

- ..and for FCNC Higgs A ~ v

* To simplify our discussion redefine Ci so power of A tracks operator's dimension

RN FIYORT T IR 1T L T R NECE N TSI R I RSN £ T e e e T e e S T
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Effective Lagrangians: gluonic operators

* Let's integrate out heavy quarks and concentrate on gluonic operators

4
7 1 Z 0102 AELL
£§1%2 = F Czl 201:1 2 +H.C.,
im1

% we can calculate their contribution to tau decay rates!

% ci probe couplings of heavy quarks to New Physics AAP and B. Zhuridov

PRD89 (2014) 3, 033005

i BRSNS N P S, L0 SO E IS AL SR AR B e S A L S e e L
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Effective Lagrangians: gluonic operators

* ... get an effective Lagrangian

...Where we defined operators

...and Wilson coefficients

Alexey Petrov (WSU & MCTP)

7
Lit, =

02 = [ plyr,
0ty 7

052 = l1rlar

05 =lilsp

. =
O4 7% =tliLlar

1Y%

£1£2

4145

2182

12

4
5 >0t He,

AAP and D. Zhuridov
PRD89 (2014) 3, 033005

BL a apv
G2, G,

4o

BL a apv
G, G,

4o

ﬁL a apv
Ge,G,

4o

ﬂL a yapv
G,uu G,

4o

_“ Z Il(mQ)(nglgz +Cq£1€2),

m
q—cbt q

% I2(mq) (Ci]&fz _ 02(18182)

qcbt q

P — Z Il(mq ( (13152_*_ 43132),

q_c b,t

m
g=c,b,t 9
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Tau decays and heavy quarks

% Let's compute FCNC tau decays
.
; T > %
.
T T T T
n’
— T

RN FIYORT T IR 1T L T R NECE N TSI R I RSN £ T e e e T e e S T
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Tau decays and heavy quarks

% Let's compute FCNC tau decays

(8 e

T
T n’ T o

T

(Y e
T T P s

n’
— T
Partity-violating Parity-conserving
operators operators

[ L T S LA S VS ST D L U T E A N I R T N O e e T e S W DR
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Hadronic physics T

% To calculate FV tau decays we need a bit of hadronic physics

- matrix elements of parity-conserving operators
(n "7 |qq|0) = (K"K ~|gq|0) = 6," Bo

(MM~ |37,4/0) = 67 GP(Q?) (p4 —p-),

+ —% apv Ma :_g 2
(M* M| 226G, |0) = - 54,

- .. where Bo=1.96 GeV from m2 = (m, + mq) By
Black, Han, He, Sher

bas

GG+ Y Ml

q=u,d,s

- ...and we used 95 = —

Voloshin

% Can do better on hadronic side by using data

Celis, Cirigliano, Passemar

A L U T E NN R T R T TR L A s L e e e N
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Hadronic physics IT

% To calculate FV tau decays we need a bit of hadronic physics

- matrix elements of parity-violating operators

(M (p)|@v*v5q|0) = —ibg f ",
(M (p)|354/0) = —ibgh,
(M(p)| =G G, |0) = an,

- .. where g=u,d,s and b, 4=1/2"2, while bs=1

- ..and in the FKS scheme of eta-eta’ mixing

m2/ - m2
an = —% sin2¢ (—fqbq Sin¢ + fs COS¢) ’
m2/ - m2

[ L T S LA S VS ST D LT R AR S IR T IRST L OAE O L R N T
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Bounds: parity conserving

% Looking at the scalar operators only

dl'(r = tM*M~)  m,
dq? -~ 32(27)3A4

2
X 1—4m%’°’ —i
g m2) ’

[|AMM|2 + |BMM|2]

- ...with the following coefficients

Avmv = —2TC€TQ2 - % Z (th + CSET) 6;"IB0,

q=u,d,s
2c5” 1 . .
-2+ 5 Y (G +087) 6B,

g=u,d,s

B

Bound on |c{™|/A%, GeV 2
Coef |B(tr —wpn n ) |B(tr—men n™)|B(t —» uKT"K™)|B(t = eKTK~)| B(tr = un') | B(r —en) | B(t — pun) | B(t — en)
<21x107% <23x1078 <44 x 1078 <33x107% |[<13x1077|<16x1077|<13x1077|< 1.6 x 1077

c1 6.8 x 1078 6.5 x 1078 9.4 x 1078 8.2 x 1078 — - — —
o - - - - 23%x1077 | 25x 1077 | 1.6 x 1077 | 1.5 x 1077
c3 6.8 x 107® 6.5 x 1078 9.4 x 1078 8.2 x 1078 - - - -
ca - — — - 23x1077 | 25%x1077 | 1.6x 1077 | 1.5 x 107"

2 LT U T E NEONCE N I R TR I A s e e e e S N R
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Bounds: parity violating

% Again, looking at the scalar operators only

I r— ut) = g lAsel + Barl?]

- ... with the following coefficients

21 o Y Y b,h’ 21 T qg"' qbt b h’M
- = abr gtr ZalMm BM=——c apm + E
Ay = 902 ayp + Z (C’ - C] ) im 4 3 4dm,
q=u,d,3 q qg=u, d S
1 1
qlT qbr q qlT qbT q
T M (Cs -G )bqu — oM E : (05 —Cs ) befu
g=u,d,s Q=U,d,5
1 ¢ ¢ 1
qeT qeT q ¢ ¢
- sme 3 (8- cg) by + 5m (37— cg') bafly
9=u,d,s g=u,d,s
Bound on |c{™|/A%, GeV 2
Coef |B(tr —wpn n ) |B(tr—men n™)|B(t —» uKT"K™)|B(t = eKTK~)| B(tr = un') | B(r —en) | B(t — pun) | B(t — en)
<21x1078 <23x1078 <44 x 1078 <33x107% |[<13x1077|<16x1077|<13x1077|< 1.6 x 1077
c1 6.8 x 1078 6.5 x 1078 9.4 x 1078 8.2 x 1078 — — — —
co - — — i 23x1077 | 25x1077 | 1.6 x 1077 | 1.5 x 1077
c3 6.8 x 107® 6.5 x 1078 9.4 x 1078 8.2 x 1078 - - — -
ca - — — - 23x1077 | 25%x1077 | 1.6x 1077 | 1.5 x 107"

Alexey Petrov (WSU & MCTP)
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Now what?

&h,eﬂa;ﬂgﬂgt TOPICS w COMMUNITIES w

3 .
b
v

- g
o~ » = .

We know CERN found the Higgs Boson
Particle—now what?

By Aja Romano Jun 24,2014, 3:35pm CT

e — R
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3a. Leptoquarks as an example

% Leptoquark interactions
- scalar leptoquarks

Ls = (ALs,qtimelr, + ArS,UReER) Sg + ()\LSI/Q’I_LREL -+ )\Rsl/quiTgeR) SI/Z + H.c.,

- vector leptoquarks

Lv = (ALvo@ryule + Arvodryuer) V' et (/\LV1 ,ﬂ?ﬂﬂz, + ARy, /ﬂiweR) V{?; +H.c.,

Davidson, Bailey, Campbell
% Matching to the general result above, get

C¥/A?| Expression ||C¢/A*| Expression
Ailu £ou £9b ,\flb
cy RSy /2" LSyy9 cg LVija"BVy g
A2 2M2 A2 MZ
RN TR
1u yEou -2 1
Q%‘_ Arsg*LSg gg_ ALvp ARy
A 2Mg A M,
fou (fqu £1b [ £9b
cy ARsg?Lsg cg ALV ARV
A2 2M3 A2 M3
0 0
Afgu ,\flu 4 £1b £ob
cy RSy/2" LSy/2 C LVys2" RVy /2
A 2M 2 A’ ME
S1/2 Vije

2 LT U T E NEONCE N I R TR I A s e e e e S N R
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Leptoquarks as an example

% Leptoquark interaction parameters for tau-mu transitions

I)‘RSO)‘LS()l | RSW L31/2| 4 -2
— < 23x10™ GeV y
M52'0 M§1/2
b \Hb
AEv, Mo | _ |/\LV”22 AVl <44x10°% GevV 2
MVo MV1/2

% ... and the same for tau-e

|ARSO LS()l l R51/2 L5'1/2| —4 —9
g = <22x 1074 GeV 2
So 51/2
A\Tb AT LV RV |
ALv AR | _ 2 T2 4.2 %107 GeV
M2 M
VO V1/2

[ U S VS S D
Alexey Petrov (WSU & MCTP) 3

AAP and D. Zhuridov
PRD89 (2014) 3, 033005
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3b. FCNC

Higgs as an example

Celis, Cirigliano, Passemar

% FCNC Higgs gives another example

o

T B

.,
4

% FCNC Higgs gives another example

Process (BR X 10%) 90% C.L. Y5 ? + 172,07 Operator(s)

T— Wy <4.4 [86] <0.016 Dipole

T = L <2.1 [87] <0.24 Dipole

T—umtmT <2.1[88] <0.13 Scalar, gluon, dipole

T— Up <1.2 [89] <0.13 Scalar, gluon, dipole

T— unlm® <1.4 X 10% [90] <6.3 Scalar, gluon

Process (BR X 10°) 90% CL [Y2 = + |YE | Operator(s)

T— ey <3.3 [86] <0.014 Dipole

T — eee <2.7 [87] <0.12 Dipole

T—em T <2.3 [88] <0.14 Scalar, gluon, dipole

T—ep <1.8 [89] <0.16 Scalar, gluon, dipole . .
T — emdmd <6.5 X 102 [90] <43 Scalar, gluon Celis, Cirigliano, Passemar

Alexey Petrov (WSU & MCTP)
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>
>

4. Conclusions

Flavor-changing neutral current transitions provide great opportunities for
studies of flavor in the SM and BSM

- charge lepton transitions offer practically SM-background-free playground
* large contributions from New Physics are possible, but not seen
- EFT approach can be useful in studies of tau FCNC decays
* ... as current methods rarely go beyond dim-6 operators
* ... and thus do not constrain NP-heavy fermion couplings very well
New data from Belle-IT on LHCb on tau decays!

More data from ATLAS/CMS on pp — T + X

- possible effects from gg — zy due to large gluon luminosity of LHC
Gonderinger, Hazard, AAP

Maybe flavor physics will be the first place to see glimpses of New Physics
...but then again, maybe not.
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Thank you for your attentionl

JOURNAL OF APPLIED BEHAVIOR ANALYSIS 1974, 7, 497 NUMBER 3 (FALL 1974)

THE UNSUCCESSFUL SELF-TREATMENT OF
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DENNIs UPPER
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Hopefully, T did better than him...
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