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Introduction

A flavorful Z’ model

S S
What is the origin of flavor? VB)ex sU@) = Uy

» Horizontal /gauged flavor group Gy?

» Breaking leads to massive gauge bosons
(possibly mediating FCNCs)

» Simplest approach: extra U(1)

» Explore limits of standard tests & probe
corners of parameter space
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Introduction

A flavorful Z’ model

S S
What is the origin of flavor? VB)exsU@) = Uy

Three generations
of matter
|

» Horizontal /gauged flavor group Gy? @E

> Breaking leads to massive gauge bosons - ——
(possibly mediating FCNCs) E .

» Simplest approach: extra U(1) ﬂf*}f" F :

> Explore limits of standard tests & probe =
corners of parameter space E ‘

Phenomenological Model

Lz = g7 [gky PL+gk PRl q Z,
+ 07" lgty P+ gty PRl €' Z),+ h.c,
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The collider point of view

The collider point of view ,
Explore potential of multipurpose

experiments in flavor physics.

— reinterpret ey, eT, uT s-channel peak 7'
search [ATLAS, arXiv:1503.04430] =
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The collider point of view

The collider point of view ,
Explore potential of multipurpose

experiments in flavor physics.

— reinterpret eu, eT, u7 s-channel peak

search [ATLAS, arXiv:1503.04430] =

Strategy

Z/

Kl

|

1. Simulate partonic cross section 01,0
2. Include K-factor and detector effects
AXe

3. Recast ATLAS limit from
approximate scaling: 10?

2 2
1 s 8aq’ Buer

OR - —— — 5
3 Mé/ 3g§q/ +gzzz/
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Flavor constraints

Meson mixing q q
» Usually strong constraints arise from -
. M - M

mass splitting of neutral meson M S

and its conjugate state M q q’

» Treat Z’ contribution in an EFT
framework [Buras, Girrbach,
arXiv:1201.1302]

R 2
AM o (j;g? [CLL (1+ ) +CVR pq]

with pg = géq, /g‘ﬁ;,

107 Himm (HC

2 LHCRun I
HL-LHC
Mixing Limit

10° L5 5 5 T g 1
10 10° 10" 10 10 10
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Flavor constraints

Meson mixing q q
» Usually strong constraints arise from -
. M - M

mass splitting of neutral meson M S

and its conjugate state M q q’

» Treat Z’ contribution in an EFT
framework [Buras, Girrbach,

arXiv:1201.1302] b
10°
(gc’fq/)2 LL 2 LR
AM Miz C (1+pq)+c Pq 10"
. L R - e
with pg = gqq,/gqq, 10
10°
B LHC
LHC Run I
. HL-LHC

10 10* 10° 10° 107 10° 10
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Flavor constraints

) o wt et nt et
Muonium oscillation
» Muonium is hydrogen-like e~ ™ 7
bound state 7!
> In presence of FCNCs can oscillate _ B B
into conjugate bound state € K € K
consisting of et~
10

» MACS experiment at PSI has
searched for muonium oscillations
[Willmann, hep-ex/9807011]

10°

3
107 Hmmm LHC
1 LHCRun I

HL-LHC
B Muonium
10
10* 10° 10°
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Flavor constraints

Muonium oscillation

o=
» Muonium is hydrogen-like e~ ™ q
bound state M g >
> |In presence of FCNCs can oscillate Vs

into conjugate bound state
consisting of et~

» MACS experiment at PSI has
searched for muonium oscillations
[Willmann, hep-ex/9807011]

Leptonic meson decays =

> Tree-level decay of flavored mesons

via E]q/ -7 — ZE/ 10° - II::ERunII
- HL-LHC
> Get contribution to BR(M — (/') -
[Golowich, arXiv:0903.2830] 10007 100 107 107
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Flavor constraints
et s
Further Constraints
» Dijet limits from pp — jj 71
> LEP limits from (t-channel) process
ete™ = (¢~
e~ 0~
10!
10°
107

B LHC
U990 LHCRun Il

HL-LHC

. B e

B Muonium
LEP I

10
10* 10°
gy |
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Flavor constraints

et o
Further Constraints
» Dijet limits from pp — jj 71
> LEP limits from (t-channel) process
ete™ — (T4~
e~ -

For LH lepton couplings (dashed)

10
» Lepton decay £ — /' v/
. . 10°
» Semi-leptonic meson decay
MM v
10"
- K
K+ u =+ 10* B LHC
5 8sd a T ::i:gn”
-¢ - R
10 B K
, Lepton decays
W Muonium
Z LEP Il
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New Physics potential

Leptonic 7 decay
Consider 7 sector:

Patrick Foldenauer

10

10°

3
107 Hmmm LHC

3 LHC Run If
HL-LHC
BT K"
10
10* 10° 10” 107 10° 10
g |
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New Physics potential

Leptonic 7 decay
Consider 7 sector:

> Measured decay rate of 7 — v
shows ~ 2.4 ¢ deviation from SM

rT vv
o — 1= (069 +0.29)%
T—>urvv

Patrick Foldenauer

T
z' r
Vu
10
10°
10"
10
3 N LHC
107 Hgmar LHC Run Il
HL-LHC
B' -K'iw
721 rdecay [1o-it]
10% /
10* 10° 10” 10! 10° 10
lg, |
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New Physics potential

Leptonic 7 decay -
Consider 7 sector:
» Measured decay rate of 7 — uvv T y
shows ~ 2.4 ¢ deviation from SM A T
Y

rT vy
T 1 =(0.69 + 0.29)%

SM
T—uUvv 10t
. 10°
Muon magnetlc moment
> Observed anomalous magnetic e ;‘
moment of muon exhibits ~ 3.60 = 3'
107 ||mmm LHC
excess L LHC Run I
HL-LHC
B K" iw
_ 3 ||ez0 ~decay 1o-fit]
Aa, = (2.87 £0.80) x 107° 1071 o et
(9-2), [20-fit]
(9-2), [1o-fit]
10507 10° 107 107 10° 10"
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New Physics potential

Leptonic 7 decay u
Consider 7 sector:
» Measured decay rate of 7 — uvv T y
shows ~ 2.4 ¢ deviation from SM 7' T
v
loouiw _ g _ (0.69 + 0.29)% ’
rSM _ A . 0
T—ubv 10t
. 10°
MUOﬂ magnetlc moment
» Observed anomalous magnetic o
moment of muon exhibits ~ 3.6 ¢ s
-2 || LHC Run Il
excess T e
- B! ur
B K"
3 ||z r~decay [10-fit]
Aa, = (2.87 £0.80) x 107° = 5 e
(9-2),, [20-fit]
(g z:,, [10-fit]
10'104 107 107
niversity of Pittsburgh

» Simultaneous explanation with Z’
Pheno 2017 -

for gl’;_r/g";_ ~ 0.05

bosons and where they might hide
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New Physics potential

New exotic 7 decay
Consider 7 sector:

» New exotic 7 decay
s (71'0 K0/7ri KT)
» Has been searched for at BABAR

and BELLE

» Current limit
I'T_mﬂK— <16 x 1078

» BELLE-II aims at O(107°)
sensitivity in 7 branching fraction!

Mrk—mip ~ 34x107°

(m=750 GeV, gy =6-107*, g, =4)

Patrick Foldenauer

70/mt

KO/K—

10°

W LHC
% LHCRun Il

102 HL-LHC

W Dijet

71 rdecay [1o-fit]
(9-2),, [30-fit]
(9-2),, [20-fit]
(9-2),, [1o-fit]
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Conclusion

Conclusion

> Investigated models with one flavor-changing coupling in quark and
lepton sector

» Large parameter scan for qq’ € {sd, bd, bs, cu} and
o e {ep, er,ut}

> For gf_/gR ~ 0.05 simultaneous explanation of a, and 7 decay

anomaly
> New exotic signature: e /i~
T d
70/t
ZI
0 —
S K°/K
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Conclusion

Conclusion

> Investigated models with one flavor-changing coupling in quark and
lepton sector

» Large parameter scan for qq’ € {sd, bd, bs, cu} and
o e {ep, er,ut}

> For gf_/gR ~ 0.05 simultaneous explanation of a, and 7 decay
anomaly

> New exotic signature: _
e/

Thank you!
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Conclusion
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Backup

10" 10"
10°
10"
2 LHC {
10 e 5750 LHC Run I -
T e = oo [ | T e
HLLHC —
|| - e |-
10 B K 10
-+ Lepton decays -~ Lepton decays,
- Muonium - muonium
e U
107 107
107 107 107 107 107 10° 107 10!
r r
lgci | 1960 |
10"

9.

2 THC
10 2 LHC Run I
HLLHC
= Dijet i
|| - e H
10 ¢ on B
-+ Lepton decays - Lepton decays, |
—Muonium - Muonium B
Lep Lep l H
10% 10*
107 107 10 107 107 10" 10 10!
lo l5 |
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Backup

[k |

-+~ Lepton decays|
LEP I

107 107 107 10° 10!

= L

LHC Run I . .
HLLHC : :
Dijet : :
- : - :
K sntm ! -0 er :
-+ Lepton decays : -+ Lepton decays :
Lep 1l . Lep il :
10% 10*
107 107 107 107 10° 10! 10 107 107 10" 10° 10!
o/t lo’f |
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Backup

R

Lepton decays
(=)
(-2, @50

10°

Lepton decays|

(5-2), @40
(-2, @50
107
107 107 107 107 10°

Patrick Foldenauer

n
95t

10° B o
Lepton decays
(42, @40
(-2), @50
107
10 10° 107 107 10° 10!

Dijet
Lepton decays|
(9-2), @4

(-2), @50

g |

107
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Backup

No cancellation

Without tuning the quark couplings the parameter space looks much
more constrained!

107 107
=z «z == LHC 4
= = 95 LHCRun I j
LHC 7
102 ] 107 HL-LHC 7
0 LHC Run It Mixing Limit 0
:mel . [ 9l
ixing Limi B oK' 7
107 || B e 10° |[E2 rdecay tio-fi 7
f :I\dw (9-2), [30-fit] gj
-+ Lepton decays e
- tuonium (4-2), L205t) v
LEP I (9-2),, [10-fit] 7
107 10— 7]
10" 107 3 10" 10" 107 107 107 10° 10"
r R
196 | g, |
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Meson decay with neutrinos - SM

Example K — niv
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Backup

Meson decay with neutrinos - Z’

Example K — v

u u
+ I
» SM decay loop suppressed K 5 - 8&sd - d T
» Z' induces tree-level decay
= strong effect and thus z'
. L -
sensitive channel &y, 7
» Only present if Z' couples to Vj
LH leptons (assuming only SM -
neutrinos) u u
. . K+ _ % _ 0
» Extract hadronic matrix S -< us < u
element from related SM
process (using isospin w
symmetry) et
Ve
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Backup

Anomalous magnetic moment

» Observed anomalous magnetic
momenta discrepancies
(Aa = a%P — 5M)

Aa, = (2.87 £0.80) x 107°
Aa, = (—1.05+0.81) x 1072 A

» Approximate contribution

(g,ﬁ;)z m, 2 fi fo
~ —22 - m, —— (1 }
% oz, M MR g (1+p7) 2 .
» Contribution to (g — 2). suppressed by z'
light mass fa fa
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Backup

LEP

8000

7500

7000

6500

Z/

6000

o [fb]

5500

5000

4500|] — Simulated cross section o,
= 95% confidence interval
Excluded couplings

4000
102 107 10° 10t

» Simulate cross section orEp
» Construct limit from two-sided hypothesis test @ 95% CL
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Backup

Measuring 7 — (K

» Current limits for neutrinoless LFV 7 decays [BrLLE, arxiv:0908.3156]
rT*)g ht WTF 5 (5 - 16) X 1078

» For 50 ab™! of data SuperKEKB aims at a branching fraction
sensitivity of 1 x 1079 [Aushev et al, arxiv:1002.5012]

.
;l.j €—  __seen
= . New IR

Howboam o SuperKEKB

Add / modify RF systems
for higher beam current

»
wirea \f | A—
Dampinging (g~ —

b/

Low emittance gun

New positron target /
capture section

Low emittance electrons
toinject

Patrick Foldenauer Pheno 2017 - University of Pittsburgh

Purely flavor-changing Z’ bosons and where they might hide



	Introduction
	The collider point of view
	Flavor constraints
	New Physics potential
	Conclusion
	Appendix

