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nergy Frontier)
Changing Neutral Currents (FCNC)

ton Flavour Violation (LFV)

nomalous magnetic moments and g-2 Experiments
+~ Search for Electric Dipole Moments (CP Violation)
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urrents

IM mechanism)

branching ratio=0

B(B{: — ‘M+_LL_]|{.;M — (32 = 02) x 107
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. . ] oy ._|. —
ing ratio enhanced by new physics! BB, — p"p” Jomssm 1.9+038
B(B) — ptp)sm “

arXiv:1112.3564
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PRL 110, 021801 (2013)
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on (LFV)

evel (GIM mechanism)

branching ratio=0

suppressed

penguin diagram

branching ratio largely enhanced by new physics (40 orders of magnitude)!
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* Neutrino Oscillations:

solar neutrinos
reactor neutrinos

atmospheric neutrinos
neutrino beams
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o Maki Nakagawa Sakata (PMNS)

- Vs Vs Vs V4
o Vu1 Vu2 Vu3 Vo
- V . V.5 V_ 3/\lvs
W
1 ol X
Vr VNS &7

sons smell different flavors!
er gauge bosons (y, Z, g) do not (— no FCNC)
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o Maki Nakagawa Sakata (PMNS)

e 0.816 0.577 <=0.2\| V1
~|10.408 0.577 0.707 ||~

0408 O0.577 0.707
< V3

sons smell different flavors!
er gauge bosons (y, Z, g) do not (— no FCNC)
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Family Number Violation

- Flavor Changing neutral currents are forbidden!

> Lepton Flavor Number in Charged Currents is an “adhoc” concept

Quarks

@ strange

up () — () down

quark flavor not conserved
(family number changes)

A.Schoning

Leptons

tau .
myon .

O

electron ® 3

Neutrinos

light and
@2  small mass splitting

o1

lepton flavor not conserved
but difficult to observe!

(concept of families right?)
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Lepton Decays:

° p—ey ° 1—e(y
s noeee @ =l (=e,w Meson Decays:
e > 1|h @ O, K-
s D,y — I
*» B, Y

Conversion (u-Capture):

* uN—eN Collider Experiments:

~
? ep—u(r) X HERA
a H- I LHC
Fixed Target Experiments: @ Z' I
@ 0t S |I'X

@ uN—>1tN proposed
» eN— u(t) N proposed
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Reaction

Present limit

Reference

r Violation

NS matrix, W.R next week)

ijolation not seen:
now 4.2 x 103 (MEG)

p ety

pt —etete~
pmTi—e" T
pTi—e T

p-Au — e An
pPh— e Pb

pte~ o p—et
T — €Y

T = Y

T — HEM

T — e€e

7 - pe

K9 = ye
P

—atptes

Kg —7oute
Z9 . pe
Zt — e
A

< 1,0 x 1p~12
< 4.3 x 10—12
< 6.1 x 1913
< 7% 10-13
<4.6x 10711
< 8.3 % 1011
<11x10-7
< 45x 108
< 3.2x 108
< 3.6 x 16—8
< 8.6 x 19™*
< 4.7 x 1012
< 2.1 x 1010
< 3.1 %x10™°
< 1,7 % 108
< 98x 108
< 1.2 x 10~°

-

Bellgardt ei al. [55]
C. Dohmen et al. [70]
Wintz [72] *

Bert et al. [73]
Honecker et al. [71]
Willmann et al. [23]
Aubert et al. [24]
Hayasaka et al. [25]
Mivazaki et al. [26]
Miyazaki et al. {26]
Edwards et al. [27]
Ambrose et al. [28]
Lee et al. {29]
Arisaka et al. [30]
Akers et al. [31]
Akers et al [31]
Abreu et al. {32] |

The SM prediction for Lepton
Flavor Violating (LFV) Processes
is negligible (GIM-like suppression)

Any sign of LFV would manifest
New Physics

recent updates from LHC

muon to electron conversion experiments

A.Schoning
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B gold target
C vacuum wall

A exit beam sclencid

D scintillator hedoscope
E Cerenkov hodoscope

F inner drift chamber
G outer drift chamber |
H superconducting coit |
| hedium bath

J magnet yo

ke

e o

n

Table 19.6. Past experiments on 4~ — ¢~ conversion. (*Reported only in
conference proceedings.)

Year Location  Process Upper Limit Reference
1972  SREL #oF+Cu-—se +Cu <16x1073 [66]
1882  SIN pm 328 - e 4328 <7 x107H (67}
1985  TRIUMF p~+Ti—e +Ti < 16x 10711 [68]
1988  TRIUMF p~ 4 Ti-se™ +Ti < 4.6 x 10712 69]
1988  TRIUMF pu~+Pb—e +Pb <48x10°%0 [69]
1993  PSI p+Ti—e” +Ti < 43x 10712 [70]
1996  PSI po+Pb—e” +Pb < 46x 10~ [71]
1998*  PSI pm+Ti—oe +Ti <B1x10718 [72]
2006  PSI b4+ Au—se” +Au < T7Tx107H [73}

configuration 2000

12
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evenis per 0.25 MeV/c

run2G00: pe conversion on gold

o+ SINDRUM I

|| measurements
open circles: mbeam
i full cireles: | beams
1| simulations

11 continuous lines:
alhwed vy modes

1| histogram:
i uemmrarsiunatﬂ 10"
- phAu A

u-N — e N conversion

electron receives kinetic

52 54
M I'l"ll}!'l'leﬂtl.l:l'h {Maw-::J

LRkt L]
50

energy from muon mass
minus nuclear recoil energy

22oar

75 80 8k

T T I T T T T l T L) T T

e momentum (MeV/c)

13

05 no sign of a signal!
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Present limit

Reference

A.Schoning

< 1.2 % 107
< 1,0 x 1p~12
< 4.3 x 10—12
< 6.1 x 1913
< 7% 10-13
<4.6x 10711
< 8.3 x 101
<11x10-7
< 45x 108
< 3.2x 108
< 3.6 x 16—8
< 8.6 x 19™*
< 4.7 x 1012
< 2.1 x 1010
< 3.1 %x10™°
< 1,7 % 108
< 98x 108
< 1.2 x 10~°

Brooks et af. [49]
Bellgardt ei al. [55]
C. Dohmen et al. [70]
Wintz [72] *

Bert et al. [73]
Honecker et al. [71]
Willmann et al. [23]
Aubert et al. [24]
Hayasaka et al. [25]
Mivazaki et al. [26]
Miyazaki et al. {26]
Edwards et al. [27]
Ambrose et al. [28]
Lee et al. {29]
Arisaka et al. [30]
Akers et al. [31]
Akers et al [31]
Abreu et al. {32]
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r Violation

NS matrix, W.R next week)

The SM prediction for Lepton
Flavor Violating (LFV) Processes
is negligible (GIM-like suppression)

Any sign of LFV would manifest
New Physics

muon to electron conversion experiments

Standard Model of Particle Physics SS 2016




LFV decay: n* — e*y

Liq. Xe Scintillation

/
Detector
<& &l

start 2007

Lig. Xe Scintillation
Detector

Thin Superconducting Coil

Muon Beam ' Stopping Target
i Stopeing Targ

+ I"-,
€\ Timing Counter
Drift Chamber > L

: 7\ :

Limitation:
@ accidental background =

+ better space resolution

~ improve tracking s still taking data

@ upgrade planned starting next year

Drift Chamber

1m
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Design and construction: Heidelberg

Recurl pixel layers /\
i N,

Scintillator tiles

Inner pixel layers
I

AN
M Beam Target $
I

Scintillating fibres

YyYvyyy

A Fi

Outer pixel layers
\p%ned sensitivity: B(u - eee)< 10 "

e Paul Scherrer Institute (PSl) in 2018
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oton Number Violation

. 22
—10™ years
0 +
pAme ., -
7‘ iz B \,ﬁ’f\,\,\f_ﬂfﬁ
pRmT Yy A=Y
JT; ’ 7§ e+ y proton

Super Kamiokande

NO observation of Baryon or Lepton Number Violation!

The fact the humans and life exists on earth (no radiation damage) excludes
already BSM scenarios!

However, baryon or lepton number violating processes are required to explain
matter antimatter asymmetry in universe

New BSM Physics is required!
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Dipole Moments and Test of the
Standard Model

The Standard Model and New Physics can be tested in
via quantum fluctuations (in loops)

Running couplings

: - A E prediction of
O!‘em O(‘em(zQ ) gV y gV(Q2> W, TOp and nggs
as = os(Q7) ga=ga(Q) masses
Magnetic dipole moments
e CP,T invariant

2m

n=0 in SM (LO) not P (CP), T invariant
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ents

g = Lande factor

oment from radiative corrections:

eriments for electrons and muons:

e)= 1.15965218073(28) x 10" Hanneke et al.
e), = 1.15965217760(520) x 10°° factor 20!

(
aln)= 1165 53) X 107
a(u)theor_ 1165 ( ) X 10_3
3.7 sigma dlscrepancy

A.Schoning 19 Standard Model of Particle Physics SS 2016



orage Ring at BNL

e i i i"‘* : l 5

after transportation currently re-commissioned at Fermilab
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n-ua/ -~ Basm Stop
Inflector

ey
9 -2 Ring U

Fig. 11.3. The E821 beamline and storage ring. Pions produced at 0° are collected
by the quadrupoles Q1-Q2 and the momentum is selected by the collimators K1-K2.
The pion decay channel is 72 m in length. Forward muons at the magic momentum are
selected by the collimators K3-K4. {This figure was reprinted with permission from [25].

Copyright 2006 by the American Physical Society.}
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Protons Pions Polarized Muons
from AGS p=3.1 GeV Inflector /—Injectiﬂn Point

j—.

7=y,
Target
Injection Orbit
Storage Ring Orbit
Kicker '
In Pion Rest Frame Mudulesu ,
_ Storage ;
= — Spin ) -
mormentium Ring

L_.r“ H-I_

“Forward” Decay Muons
arc highly polarized

Fig. 4. The schematics of muon injection and storage in the g — 2 ring.
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E—-
momentum

actual precession x 2

Fig. 3. Spin precession in the g — 2 ring (~12°/circle).

y=+1+ 1/a,=293 — E, . ..=ym,=3.098 GeV
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-.-.-..___--r
-

Wave Form |
Digitizer

(O 100 200 30 40 50 60 70 80
Time (ns)

Fig. 5. Decay of " and detection of the emitted e™ (PMT = Photomulrtiplier).
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Theory KNO (1985)
Theory (2009)

(a,~11659000)x 10"

Anomalous Magnetic Moment

1979 1997 1998 1999 2000 2001 Average
CERN

BNL Running Year

1290
1240
1190

1140
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<

f f

Fig. 19. Leading hadronic confributiontog — 2.

ation contribution (third order)

ecisely calculated:
taken from g_ (corrections are identical)

e taken from e* e scattering !
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F. Jegerlehner, A. Nyffeler / Physics Reports 477 (2009) 1-110

FTrrFrrrFd

] ele

—— pQCD

== hadrons

JE N *DASPT |
« oxcl data r::‘]-"‘}"2 o MARKI « PLUTO
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
E (GeV)
'e” -» hadrons Tis :Th :hu'_h

4-?2%}@!&% i;gﬂi‘i!i - i % £

v
- -

L]
o Yinsen

e —]

K Tr1o20 ﬁ

o Mark 1 o LEMNA = JADA =B pQCD R
m B w D=1 * TASS0 i
a PLUTOD & DASPILCLEOD,CUSEMAC,CELLO,MARK J |
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E (GeV)
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AP = 05
4)
.rq.i '

= —(.328 478 965 ...
1.181 241 456 ...

— —1.914 4 (35)

I diagram (analytic)
7 diagrams (analytic)
72 diagrams (numerical, analytic)

801 diagrams (numerical), (3.49)
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3) x 107°

000154(2) x 107°

)theor Ny

A.Schoning 36

= 1.16591773(63) x 10°°

most precise

largest uncertainty
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HMNT (06) e

JN (09) ——

Davier et al, T (10)
Davier et al, e"e” (10) |—-—:

JS (1) ==
HLMNT (10) H_a
HLMNT (11) e

- @Xperiment -------------- e

BNL . | —a— 3.7 sigma difference
BNL (new from shiftina) | | | |

| | | | | | |' | i

170 180 190 200 210
a, x 10'° — 11659000
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P
—

| T

E field
spin

38

M)

sformation Properties:

H=-iB-dE

E B M ord
P - + +
C - - -
T + - -

EDM violates P and T invariance
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Yooy

fundamental CP—~odd phases

b

-

nuclear
CspT ‘\\ ! |neutmn EDM I

oy

w oy ¥y

EDMs of
atomic paramagnetic
atoms (T

EDMs of
diamagnetic
atoms (Hg)

dependencies.

Fig. 13.1. A schematic plot of the hierarchy of scales between the CP-odd sources and
three generic classes of observable EDMs, The dashed lines indicate generically weaker
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Participating institutions: -
ORNL-Harvard
BNL-MIT
ORNL-ILL...
ILL-Sussex-RAL...
magnetic LNPI St Petersbu

Weinberg

E
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Year of Publication

Standard Model of Particle Physics SS 2016




Summary

- The Standard Model is tested with high precision by
~ measuring precisely anomalous magnetic moments
~ searching for electric dipole moments

> These measurements and searches are model killers!
- Largest discrepancy seen in g -2

> There is no evidence for new physics
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Master

ws2016/17 Particle tracking and Seminar

Focus on high rate detectors for
applications in the near and the further
future, in nuclear and particle physics:

identification at high rates

PD Dr. Silvia Masciocchi, PD Dr. Kai Schweda
Email: s.masciocchi@gsi.de, kschweda@cern.ch

Friday 13:00, INF 226, SR 01.106
21-Oct-2016: assignment of topics

Monolithic active pixel sensors

High-rate gaseous detectors

Ring Imaging Cherenkov detectors
Electromagnetic and hadronic calorimeters
Fast readout electronics

Wireless data and power transfer

Track and vertex reconstruction Higgs boson to 4 muons in ATLAS
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