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PIONEER Goals

*Improve
— R(m)=n—>pv/n—->ev
— Pion beta decay m*—> nev
by an order of magnitude compare to current
limits
* Provide most precise test of

— /e universality
— CKM unitarity

What is the impact of these measurements?

Which New Physics can be found?
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Hints for New Physics

i LFUV AC, M. Hoferichter, Science 374 (2021) * EW Observa bIeS
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Cabibbo Angle Anomaly (CAA) . of martin

« Deficit In first row and first column CKM unitarity
V2 [+ V2 +M.2|=0.9985+0.0005
(PDG)

2 2 2]
Vud + Vcd + ‘th =0.9970+0.0018 AC, Hoferichter, Manzari, PRL 127 (2021)

_|_

* NP in the determination
of V,, from beta decays

u—evy
-

CKM

EW i(full]
needed CKM A Kaon & f decays '—¢—'
« Can be interpreted as EW (inia)

°* NP in beta decays

_ _ 1165 11655 1166 1.1665 1167 11675 1.168
* NP in the Fermi constant Gr [1079/GeV?]

* LFUV (modified Wuv coupling)

30 tension, can be interpreted as LFUV
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* 4fermion effect in beta decays

— LQs
_ W‘
* Modifed W coupling in muon decay
— W-W’ mixing
— Vector-like leptons

* 4 fermion effect in muon decay
_ 7! 8
— Singly charged scalar

* Modified Wud coupling
—Vector-like quarks

>50 improvement over SM hypothesis with VLLs
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CAA and Non-Resonant Di-Leptons

15

10+

— CAA ——— ATLAS excluded 95% [~

— R(r) \*‘-ﬁ-ﬁ_ﬁ‘
— CMS \
1.0004 < R(m) < 1.0009 (95% CL)

— total

_‘—_hhh'_‘__—h_._
T

0.0 0.5 1.0 1.5 2.0

(3) Tt —2
[C’Fu ]1111 x (10TeV)

4.50 better than SM, prediction for R(m)
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Leptoquarks

. 10 oM
* 10 representations
08
e Effectin R(m) and 056}
<
beta decays 04§
02
0.0 R s - | ]
1000 2000 3000 4000 5000
M; [GeV]
108 [1 DY ATLAS (allowed)
0.8 DY CMS (allowed)

0.6} SRP 36fb-! DO-D° mixing (8=0)
= 7 g ] =e--- SRP 3ab-! ——— QWEAK & APV
0'4:_ K*-ntee/K+—>ntuu (B=0.) —— C57=-0.0005
0_2'_'7 £ Kfr-ntw (p=6,) = =—m——— Cy1=0.0005

e . 7 K'-K° mixing (8=6,)
0.0 I G G S G s o0 it s S O ]
1000 2000 3000 4000 500 PP (excluded)

ms [GeV]

Simple model provides combined explanation
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Vector-like leptons

PAUL SCHERRER INSTITUT
—

HE

* 5 represenations of
which 3 generate
modified Wlv
couplings

Bounds from EW
precision
observables

Effect in R(mt), R(K)
and LFUV in T

decays

0.12F
0.1 B 638%CL
@ 95% CL
0.08+ 99.7% CL
006 [ T -, S S A 68% CL NNC
——= 95% CL NNC
0.04+
—-— 99.7% CL NNC
0.02+
0. 0.02 0.04 0.06 0.08
v
ml’\f\‘
Observable  Measurement  SM Posterior NP Posterior  Pull
My [GeV] 80.379(12) 80.363(4) 80.369(6) 0.56
R|%=2] 09978 +0.0020 1 1.00168(39)  —0.80
R[Z=EY] 1.0010 + 0.0009 1 1.00168(39) | 0.42
R[22 1.0018 £ 0.0014 1 1.00168(39) = 1.2
[V.5ms | 0.22345(67)  0.22573(35)  0.22519(39) | 0.77
v 0.97365(15) 0.97419(8)  0.97378(13) | 2.52

Page 10




W’ in R(V,) & b—sll

* Region preferred by ;1 * [0 00
EW fit overlaps with " EWHLED (e
] 4l EW+LFU {95% CL)
b->sll region
* Correlations 4
between & 0
e.g. n>uv/n—->ev Ll
and R(K(*)) dare b stl (68% CL)
. —4 - b stf (95% CL)
predICted _ b - stf (99% CL)
. . . o gl b —s 60, gy =0 (68% CL)
* Global fit significantly ot o0t L
improved 6 -4 -2 0 2 4 6

¢
911

Common explanation possible
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Impact of PIONEER

e Test u-e LFUV with unprecedented precision

* Measure V 4 in theoretically clean pion beta
decay 15

e Test of New Physics
model

1.0

* Leptoquarks
* Vector-like leptons 00

* W bosons
* Vector-like quarks

* Light new physics 15 -10 -05 00 05 10 15
talks of Asaf and Robert

Page 12



Impact of PIONEER I1
s G/ su@ —

e Observables

* Operators - 7| Cabitbo
T > mev Angle

* SM Parameters
K—>7r€v’

Y
G, |
4 |
T—> Uvv T —>evy SU(2)
K= (z)uv (K —(7)ev — .
-
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Conclusions

* Many intriguing anomalies emerged in the last

ears:
y. Y The Standard Model
U is crumbling;
e EW observables PIONEER can

* Direct LHC searches contribute to its fall

muon nuclear B meson
=0.1 GeV =1GeV =10GeV
C o DO CrD G
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Backup



Discovering New Physics

e Cosmic Frontier

— Cosmic rays and neutrinos
— Dark Matter
— Dark Energy

*Energy Frontier NP

— LHC Intensity

— Future colliders Frontier
*Intensity Frontier

— Flavour

— Neutrino-less double- decay
— Test of fundamental symmetries
— Proton decay
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Indirect Searches for New Physics

* Perfrom high-statistics measurements to search for the

guantum effects of new particles

1000|
Standard Model

100}

Flavour observables can be sensitive to higher

energy scales than collider searches
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Model for b—stf, CAA, Z->b

0 and T — Uwv

[Z%bb] T-> WV [ CAA]

2500 | puum

2000 -

500 1000 1500 2000 2500

LHC excluded

bostt (10) for g'/mz=0.9/TeV -

mo [GeV]

e 7' penguin + modified Zsb
coupling give very
good fit to b—>sll data

Simple model provides combined explanation
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Implications for FCC-ee




Correlations the neutron EDM with S15:5

PAUL SCHERRER

INSTITUT

Arg[Afs]

K. K. Vos, arXiv:1809.09114
74—” AC, F. Saturnino
N arxiv:1905:08257
2 ¥ 0.6<Br[B-7v]/Br[B->7v]sm<0.7
Sx | W 0.7<Br[B->71v]/Br[B->1v]sm<0.8
* B 0.8<Br[B-7v]/Br[B-7v]su<0.9
o 1.1<Br[B-1v]/Br[B->1v]sm<1.2
© 1.2<Br[B->1v]/Br[B->1v]sm<1.3
7 B 1 .3<Br[B>rv]/BrB-1v]su<l.4
721 B nEDM excluded
n2EDM sensitivity
af 1905:08257 s i
O_
0.00 0.01 0.02 0.03 0.04

AT

Effect in B predicts measurable nEDM effect

W. Dekens, J. de Vries, M. Jung,
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R(D™), b->slland a,

m 4 benchmark points

AC, D. Mueller, F. Saturnino

arxiv:1912.04224
K22 K32 K23 R33 /\22 /\32 /\23 /\‘3‘3 /\32 /\23
®p | —0.019  —0.059| 058 | —0.11 | —0.0082 | —0.016 | —1.46 | —0.064 | —0.19 | 1.34
® | —0.017 | —0.070 | —1.23 | 0.066 0.0078 | —0.055 | 1.36 0.052 | —0.053 | —1.47
p3 | 0.0080 0.081 1.18 | —=0.073 | —0.0017 0.16 —0.76 | =0.068 | 0.023 1.23
®p,| —0.0032 | —0.21 | 044 | —0.20 0.014 —0.10 | —1.38 | —0.068 | —0.032 | 0.57
co— o | e R(D) R(D*) By =711 | T = 1y §“u 1;‘3/1; -1 Z =T
R(D)sm | R(D*)sum | By — 77|y, | x10° x 1011 x 106 x 1010
® —0.52 —021| L.15 1.10 59.88 4.35 207 201 0.117
® 7, —0.56 —028| 1.14 1.10 99.76 0.766 199 448 2.38
D3 —0.31 —031| L.14 1.09 112.5 3.62 255 17 0.129
® 1y —0.31 —031| 1.13 111 112.5 0.734 230 934 45.6
o = acq; | o | ORE® im?]g B Ko 7= o 7= e (A (0)] f}é%(m%)_r
Amp x10° x 10 x10 x 107 Agy x 10—°
® 0.023 0.040 | 2.33 0.1 0.512 1.27 44.94 1.11 —3.64
® 1, 0.020 0.040 | 0.87 0.16 3.32 4.73 7.783 0.90 —3.02
D3 0.023 0.037 | 1.08 0.19 4.07 1.00 37.89 0.89 —3.51
® )y 0.010 0.047 | 243 0.18 3.69 0.0021 | 18.60 3.12 —10.04

Common explanation possible




Important Loop-Effects

* Explanation of b—>ctv requires large bt and st
couplings (follows from SU(2) invariance)

~0.061

10-04 mb-ocrvio

C%b
10.02 mb-cry 20

— Br[B, » vt ]x103
10.0004

1.00 1.05 1.10 I1.15 1.20 1.25 1.30
R(X)/R(X)sm

AC, C. Greub, D. Mller,
F. Saturnino, PRL 2018

Large loop effects in b>sup
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R(D™)) and b—stt

* Large couplings to the second generation

7 Ry &Ry 20 b—>sTT
m RD(*)&RJ/LP 10

B Br{Bs—1T] \V{S ry

B Br[Bo>K*11]

B Br[B-Kr1] St ron g I y
= Br[Bs—>¢r1T]

enhanced

B. Capdevila, AC, S. Descotes-Genon, L.
Hofer and J. Matias, PRL.120.181802
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Important Loop-Effects

e Explanation of b—>ctv requires large LQ-bt and
LQ-c-v, couplings

 Via SU(2) invariance this ;\Ma
leads to large effects in —
b—>stT processes

*Closing the tau-loop gives a LFU
effect in b=>sll v o "

e Effect goes in the right direction

Explanation of b—>ctv leads to
loop effects in b>sup

AC, C. Greub,
D. Muller,

F. Saturnino,
PRL 2018
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Vector LQ Phenomenology

mb—-crvilo
mb-ocrv2o

B Ry excluded

) W B>ttt
—-0.5} excluded
| 0:- — LHC
S : excluded

Compatible with constraints for generic couplings



Possible UV completions

* SU(4)xSU(3)'xSU(2),xU(1), + Vector-like fermions
L. Di Luzio, A. Greljo, M. Nardecchia, arXiv:1708.08450

* SU(4)xU(2),xSU(2), + Vector-like fermions
L. Calibbi, AC, T. Li, arXiv:1709.00692

e SU(4)xSU(4)xSU(4)
M. Bordone, C. Cornella, J. Fuentes-Martin, G. Isidori, arXiv:1712.01368
* SU(4)xSU(2),xSU(2); including scalar LQs and
light right-handed neutrinos
J. Heeck, D. Teresi, arXiv:1808.07492
e SU(8) might even explain €'/«
S. Matsuzaki, K. Nishiwaki and K. Yamamoto, arXiv:1806.02312

* SU(4)xSU(2),xSU(2); in RS background
M. Blanke, AC, arXiv:1801.07256

Good solution, but challenging UV completion
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T2 MWV

 Ratios of leptonic A RREams e s
0.006 -
tau decays |
Aoe(T 2> UVV) 1 0029400014  0.004]
Agy (1 —evv) _
Ape(T 2> 1V7) 1 0018400014 S 0002
A, (r —>evy) 2
Aoe (T 2>8V) 1 n010+0.0014 © 0000
Agy (1 —evv) _
1.00 049 051 ~0.002;
p=049 100 -0.49 j
051 -0.49 1.00 =-0.004}
« NP in muon decay t0OO  -0.004-0.002 0.000 0.002 0.004 0.006

constrained from EW data o(T>pvv)

=20 hint for LFUV in tau decays
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T2 MWV

° LH_LT A (bOX diagra ms) | Singly charged scalar |
* LFV violating Z XTGEIS S S v iirep
* Modified WIv couplings 1
° W’ 3
. _0.0010
* Singly charged scalar :
3
T 123 v N
> v > 0.0005
\ H
*
/28N H NG 112,1=0.01/d TeVy:
1% 0.000 0.002 0.004 0.006 0.008

o(T—>puvy)
A.C., F. Kirk, C. Manzari, L. Panizzi, arXiv:2012.09845

40 hint for modified neutrino couplings
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Vector Triplet in R(V ) & b—sll

. B All data (68% CL)
* Reglon preferred by 6 = All data (95% CL)
EW fit overlaps with ® EW-LEU (68% CL)
] 4l EW+LFU {95% CL)
b->sll region
e Correlations 2
between & 0
e.g. n>uv/n—->ev Ll
and R(K*)) are b ot (68% C1)
. —4 b— st (95% CL)
pred ICted b - stf (99% CL)
. . . o gl b —s 60, gy =0 (68% CL)
* Global fit significantly s att, 434 =0 (6% CL)

improved 6 -4 -2 0 2 4 6
£
911

Common explanation possible
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