On the model discriminating power of
[+ — € conversion in nuclei

Vincenzo Cirigliano, Ryuichiro Kitano, Yasuhiro Okada, Paula Tuzon
Review of arXiv:0904.0957

M2 il

October 18, 2019

1/24



@ What is u — e Conversion?

@ Detail Calculation

© Testing

O Summary

2/24



What is © — e Conversion?

What is ;4 — e conversion?
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What is u — e Conversion?

Charged Lepton Flavor Violation

Lepton Flavor Violation(LFV)

Lepton @ flavor ZJE{RTFICT 5i8FE, Standard Model TIFFFS N T ULV
WA, 3B neutrino IREIDFER /e,

Charged Lepton Flavor Violation(CLFV)

BT lepton D LFV, REERBICIEERSNTVARWL, u— e
p— eeen uN — eN FENFBEHINTEY, ERM|MTELNTVWS,

1 — e Conversion

muonic atom D u NREFZEMSMDOHEEEREZR T, e lCW>TR
UHIHRKR, KEK ¥ Fermilab THERERAThh, SEHEZ LT
BEMNEFTESNTWS,



What is u — e Conversion?

2F0RN

(1) u— e conversion 25| EH I F £ 3 AIH% weak scale D SM
Lagrangian IZ3B0 (Lo(g, p1, €) = Lon + Lye)

(2) heavy quark % integrate out(Ly(u,d, s, i, e) = Ly + L))
(3) Lagrangian % nucleon T&Eak (L(p,n, i, e) = LG, + L7,)
(4) convertion rate =&t &

(5) HODDETIVICHTIESD

Lo Ly LHEETEM=FFTIN2MPEENEFLL
=SM Lagrangian HERDIDICEA L TYEENEILLBRWVWL DI RE XK
AEEZ., TNEEBMNEBDICEERT
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Detail Calculation

Detail Calculation
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Lagrangian (1)

RRONF EEEERN T —IV A ISR

integrate out =z x (mass dimension six operator) H' 3} & R E

p — e conversion Z5|EZFZ L D % operator (=éu x -+ ) A DOHEU,
ZTOWEZEAET S

operator ICI& CLFV %85| Z#2Z ¥ effective Lagrangian & L Tixd—#%
B 7

1) photon & D#EEER (Dipole)
2) quark & DIEEAER (scalar and vector)
3) gluon & DHEEEHA

D=2 %ER
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Lagrangian (2)

RED L. R IF e D chirality
Lo=Lsy — A2 [(CDRm eo’” PLM"‘CDLmu ec’” PRM)F
+ Z(CVR67 Pru+ C ey PL) §vpq
4 Z (CLpmumeGrePrp+ CLym,m,GrePru)dq

q

aF (C’GRmMGFéPL,U, -+ CGLmMGFéPRM) Qﬂ;GZVGZV + h.c.]
S
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Heavy Quarks Integrate Out

SM Lagrangian Lsy &. Z Z D5 heavy quark % integrate out L 7= 5
's»y &A%, Energy momentum tensor ® b L —ZICEIL T

(Z,Al6",|1Z, A) = (Z, A|6™.| Z, A)

/-, EFABERNENRAT S & T naive IC

/BH gs a v _ - _ -
9”#: 2(3 )GWGZ‘ + myau + mgdd + mgSs + Z mphh + - - -
o h=c,t,b
/BL(gS) v _ 7 _
9’!; = 292 GZVGZ' + myuu + mddd + mgSs+ - - -
= > muhh~ Prlgs) — ﬂH(gS)GZVGg“’

2 3
h=cit.b 9s
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Detail Calculation

Quarks to Nucleons

quark TEEMk & 17z Lagrangian % nucleon Tk g 5728 IC,
Lagrangian IZRD LD RBEMA AELZFIE TR LCYEARERL TV
3 ERET . (N =p,n)
meGq — Y fiymnUnyy
N
g — Y fonOny
N

fng,GZuGZW = Y fanmnynN
s N

CHOBEEHZICE > T, nucleon D mass term NIEEL K BRI NDZ &,
current MREESNTWVWB Z ENEREIND,
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Detail Calculation

Quarks to Nucleons (scalar term)

meGq = Y fiymnUnyy
N

ERDOEDIIERD |Z, A) THALFFICELNZFL KRB LD ITRE,
B 21X u ICBI L T proton THEL &,

(plmyaulp) = f&myp (PlYpiplp)
o — Splmuuulp)
o myp (plYpp|p)

OnN
M g4
(g%

ZD&DIC. o term o, . isospin-breaking £. strangeness content y D=

DDNRSA—FRFTRTD [l ERET B ENHED,
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Detail Calculation

Quarks to Nucleons (vector term)

g — Y fonOny Y
N
current BMRET ZHELNH B 70D,

fbp=2 , flp=1, fip=0
fbn=1, fn=2 , fim=0
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Detail Calculation

Gluon to Nucleons

5L

Ga G" — fanmNYNUN

scalar term & gluon term DE X X DFIE T, energy momentum tensor
DrL—RBZELLBRVDT

Z myda + 5 3Gz,,GW = (Z fin + fGN> MNYNYN
N q
~ Z MNYNYN
N
BRI T D7z, BEHH DS foy EHET DI & AHE
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Lagrangian (arranged)

=ASHIC,

1
L= ﬁgvM = p [(CDRm#éap”PL,u I CDLm#écrp”PR,u)Fp,,

+ Z(é\]fVRéVpPRM + OV ey’ PLp) dnypon
N

aF Z(ééVRm#mNGpéPLM + C’éVLmumNGpéPR,u)?ZN’IﬂN + h.c.:|
N

NEond,
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L Dei Celoulation
Calculate the Convertion Rate(1)

|
MLWEDIT

/d3x (Z,A|0(x)|Z, A)
fn ev Fo, ICBIL TIREHMBERA

|
FEFRIEFFLELTWVWREDE LTHRD 28,
<ZvA’1?Pwp(x)‘Z7 A) = pr(x)
<27714W©bnlb7lﬂﬂ)\23714> = (14'__ 27)P7LCI)
(Z, Alony'yn (2)]Z, A) = 0
<ZZ,14¢@EAW70LDA{(x)‘£Z,14> ::<£Z714‘dﬁV@bA7(x)’£Z7fi>

f5F. PEFORERREEOIOERREREZRAT %,
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Calculate the Convertion Rate(2)

5

~ 2
(mpCSRS + mnCSRS”) + O o AVP + CRpdV™

my
Fcon'u — 4A4

‘CDLD +4GFm, (mpCSLS + mnC’SLS") + G 4vP

4/&4

D. SN, VN ZZhFN dipole. scalar. vector DEICDWTHED %
RITLEERT, Z. AILKET 5,
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Calculate the Convertion Rate(3)

|
FIEMOMEL. &ERERFHEAD u D capture rate T convertion rate 3
BIEL7fE=RWTEHMEY %,

Fconv (Z7 A)

Bu—>e(Z) = 7Fcapt(z A)

|
Dipole type @ operator B’ #F1E L 7=358E. 1 — econvertion 7213 T <,
p— ey DEBEREHREIY D%, TDFE. 1 — ey D rate 1

B _ T(p—ey)  48n2
P D — evuie) GZA*

(ICprI* + |CpL?)
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Testing
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Single operator model(1)

Dipole model

Lagrangian D E# %=

CDECDR#O ) Celse:(]

&3 g dipole DHDEFILEZRY B, SUSY-GUT model ¥ SUSY
see-saw model AT NICEEL T B,

Vector model 1

Uy =0 = =000 21, O =10
EFhIE. %< D Left-Right symmetric model ICHTIEE 3,
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Single operator model(2)

Vector model 2

Cd
Cvzch:—ZRyéo , Coase =0, a=-173

effective Z-penguin ICEEET 2 LI BRETILHNINICHTIZE 2,

Scalar model

Cs=Clr=Cir=C%r#0 , Cupe=0

R-parity violating SUSY % R-parity conserving SUSY see-saw model (8
EY 5,
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Single operator model(3)

[ — €7y VS [ — econversion
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Testing

Single operator model(4)

B(u- eZ) / Bu—> e;Al)
~

dipole:blue , vector 1:magenta , vector 2:green , scalar:red
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Summary

Summary

e NROVORHEMICHIFRZZTS I &7/ <. u— e conversion rate
ZEIETBHIENTES

o KD & D7 physics NMRIEICR > TVWEIEBHICIL, B—
operator DIFEIEZFEDREF T conversion rate ZBIE L. ZDHE
HHEARNIE LW,

e Z”D® operator N"EIREDIEE THWTL 2158, =BDREFT

conversion rate ZBIEE L. ZDHE%ELEANIL operator ZHFET
x5,

e scalar operator A &L Z“FED operator HME)WLNT W BIHE, strange
content DAREMNFRE THRK I HTIDBRENRKET 5. 5% lattice
BARERLBREMNNS CANIE, FRNICEEICIERS AW,
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Summary

Solution of Dirac e.q.

|
0 LAMED R W Dirac ARXRBEBERAREAETRICOR TSI L
HTE, AEABEORIIRILTZIEHTE S,

(a6 )
Ve = ( i ()X (6, 9) )

ERAMDOAREXIET MDD AFER T, Schrodinger equation D & D IC
EBEREE L TR TENTERL,

d —k/r W -V +m (g
ar' =\ —(W -V —m) k/r Yo = gy
TR, u BEBET. 2D r OEEOTEHRN S Z DHRRR & ML B

ICNA D EFNICEN D KD BRI RILF—W &R u &8,
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