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My scientific trajectory
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My scientific trajectory

Postdoc @ Southampton
Southampton, United Kingdom
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My scientific trajectory

Postdoc@CERN
Geneva, Switzerland
Description 2014-2017
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Hitachi Assistant Prof. @ Trinity College Dubfin= X
Dublin, Ireland

Description 2016 -

Directions From here - To here

- 2016 -



Standard model of particle physics

- Interactions (not) present in SM: e Oy
= Electromagnetic
Geavien?
= Weak P G e
= Strong
Gravity Force
Strong force
- YU k awa Electromagnetic force A }Noak force
. | - O.m”t.::i : Bosons (W.Z)
= Gravity *' ¢
Water molecule Protons and arid. - )
Qwypen atom o -t \M? ««.l-m ; )
* Is there some new physics beyond f) Heutron doca
WSS g feoms 9 Wwe L Botadecay
standard model (SM) ? B el | e o e

= dark matter

INlustration:[http://cdn2-b.examiner.com]

= dark energy Stars, Planets..
= hierarchy problem

= strong CP-problem

= matter/anti-matter asymmetry...
y y INlustration:[http://www.speed-light.info|
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Looking for new physics beyond SM
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= |ndirect searches oL ]
15 —-

—1 II|III|III|III|III|III|III|III|III|
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m, [GeV]

use experimental results and theory predictions to constrain
the SM and figure out if there is a discrepancy indicating new physics (NP)

= Theorist's |ob:

= predicting the relevant input for the indirect searches of NP

= creating a model that accommodates the potential discoveries of NP
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Looking for new physics beyond SM
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The quest for New Physics beyond SM

Searches for rare processes and for tiny deviations from Standard model expectations

Heavy flavour physics

= Experimental values (BaBar, Belle, LHCb)
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The quest for New Physics beyond SM

e Searches for rare processes and for tiny deviations from Standard model expectations
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The magnetic moment of the lepton: ¢;

e Intrinsic magnetic moment of any spinning particle

| @gzﬁ@ !

e F[orleptons, s = 5 the giromagnetic factor from Dirac theory: (J] — 2 H
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TENSION: 2.9-4.50



a,, from the experiment: FNAL E989

,»® & Fermilab enonukAln
o FNAL e BNL
a;,"”’ = 11659208.0(6.3) x 10 -10(0.54ppm) [BNL, 2006-2008 ] :-, E989 ES821
New experiments (J-PARC, FNAL E989) expected to perform 4x ;' ',"'
more precise measurement 0 o
l~‘ "o ?r::‘gym —
L e
Improved precision of the theoretical estimates with dominating , Wﬁﬁ*‘:

)
uncertainty required . :.
’



a,, from the experiment [BNL -> FNAL]

“"LIFE OF A MUON:

-

THE g-2 EXPERIMENT Muons are fed
Muons are into a uniform,
tiny magnets doughnut-shaped
spinning on magnetic field

After each circle,
muon's spin axis
changes by 12°,

yet it keeps on traveling

axis like tops. and travel in a circle.

Hit
Target.

Protons Pions, weighing Pions decay
from AGS. 1/6 proton, to muons.
are created.

One of 24 detectors

see an electron, giving After circling the ring

the muon spin direction; many times, muons

g-2 is this angle, divided spontaneously decay to

by the magnetic field the electron, (plus neutrinos,)

muon is traveling through in the direction of the muon spin.
in the ring.

Measured using polarised muons circulating in E and B fields
% E}

C

. C - 1
wa:_a[aﬂB_ (a.u_ ’72—1)

At a momentum where 5 X I terms cancel (‘magic momentum’, v ~ 29.3), the
difference between spin and cyclotron frequencies:
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a, from the experiment: J-PARC E34

3 GeV proton beam
Production  (MMW,.double pulses, 25Hz) 3| Full tracking
I 1 W] silicon tracker

target i* Sl

Muonium production target

3
Surface muon = *92 ?_K 25 meV)

beam (4 MeV)
€~1000 Tmm*

/"/ )5

/1‘3:3 4 .
e e

nant Laser lonization of TN

uonium (~10° p*/s) Re-acceleration LINAC
Laser & 200 MeV)

e £~1 T mm “Snad &

Compact storage magnet
(3T, ~1ppm local)

Target precision
A(g-2) = 0.1 ppm
AEDM = 10241 e - cm

Surface muons

Mu production
target

Ultra slow muon beam:
C E-term cancels again

T.Yamazaki (@KEK 2018 g-2 WS): muon RF acceleration for the first time last month!




a,, from the theory (sm + other experiments)

e BNL E982 experiment result and different th. contributions:

a,[107"]  Aa,[107"]
experiment 116592 089. 63.
(_ QED O(«) 116 140 973.21 0.03)
QED O(a?) 413217.63 0.01
QED O(a?) 30141.90 0.00
QED O(o*) 381.01 0.02
QED O(a5) 5.09 0.01
QED total 116584 718.95 0.04
electroweak, total 153.6 1.0
HVP (LO) [Hagiwara et al. 11] 6 949 43
HVP (NLO) [Hagiwara et al. 11] —98 1 .
HLbL [Jegerlehner-Nyffeler 09] 1 16 40
HVP (NNLO) [Kurz, Liu, Marquard, Steinhauser 14] 12.4 0.1
HLbL (NLO) [GC, Hoferichter, Nyffeler, Passera, Stoffer 14] 3 2
( theory 116591 855. 59.)

exp ath,SM

o 1 N 30

a

~

Schwinger 1948

(87
ai"P) = (g)

e Schwinger’s result : ge=2.00232
e Foley’s experimental result: ge=2.00238(10)
e First great success of QFT!



a,, from the theory (sm + other experiments)

e BNL E982 experiment result and different th. contributions:

exp _ th,SM
2,101 Aa,[107] QG =T R 30
experiment 116592 089. 63.
QED O(a) 116140 973.21 0.03 Qg oQ @ @
QED O(sz) 413 21 763 001 ?ﬁf‘g 1(b) 1(c) 1(d) I(c)
QED O(a®) 30141.90 0.00 {@\ @y B, AD, o
QED O(a*) 381.01 0.02 1® \ L
(QED 0(a®) 5.09 0.01) @TQ g /@3\ @g\ 5’??}%
QED total 116584 718.95 0.04 -
electroweak, total 153.6 1.0 o méﬂﬁ m;lmb) ;m m
HVP (LO) [Hagiwara et al. 11] 6 949 43 @VH) Vit T @'v@
HVP (NLO) [Hagiwara et al. 11] —98 1 ?g E i {
HLbL [Jegerlehner-Nyffeler 09] 1 16 40 VI Vi@~ Vi) VIG) VIG) vﬁ
HVP (NNLO) [Kurz, Liu, Marquard, Steinhauser 14] 124 O 1
HLbL (NLO) [GC, Hoferichter, Nyffeler, Passera, Stoffer 14] 3 2 Kinoshita et aI, 201 2
theory 116591 855. 99.

Universal part: checked by S. Laporta
[arXiv:1704.06996]
(computed up to 1100! digits)




a,, from the theory (sm + other experiments)

e BNL E982 experiment result and different th. contributions:
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exp ath,SM ~ 30

ay I

W
AR

Czarnecki, Marciano,
Vainshtein 2003
Heinemeyer, Stoeckinger,

Weiglein 2004
Gribouk, Czarnecki 2005



a,, from the theory (sm + other experiments)

e BNL E982 experiment result and different th. contributions:
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Hadronic Vacuum
Polarisation
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_|_

Hadronic Light by Light
contribution



a,, from the theory (sm + other experiments)

e BNL E982 experiment result and different th. contributions:
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e BNL E982 experiment result and different th. contributions:
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experiment 116592 089. 63.
QED O(«) 116140 973.21 0.03
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QED total 116584 718.95 0.04 g
electroweak, total 153.6 1.0
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HVP (NLO) [Hagiwara et al. 11] —98 1
( HLbL [Jegerlehner-Nyffeler 09] 1 16 40)
HVP (NNLO) [Kurz, Liu, Marquard, Steinhauser 14] 12.4 01
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theory 116591 855. 99.

Lattice QCD (+QED) provide a way to compute
these contributions in a model-independent way



From continuum to lattice QCD

Sqcol¥, ¥, Al =S¢+ Sk

B é FuvFuy + / d*x z;(X) [V (Ou + iAL(X)) + m] P(x)

x — n={(m,n,n3,n)n=0,....,N—1

Y(x),¥(x)  —  ¥(n),P(n)

/d4x... — 342...

9 P(x) — ¢(”+ﬂ)2—a¢(” — [1) | 0(32)




Non-perturbative QC

O O O O
J U J J ’)
[a
V4 AV 37 A\ \]
uar kLS
N oD \ oD oD o r)
J J \ J J J
( Va
J A\
N Pany o o
L J J N\ J J U
( la [ Va Va
v Y Y/ 3
a Pany o o
J
CJ a C Va
L\ L\ \

Quarks ~ 9(x), 1(x)

Gluons ~ U, (x) = e"&"u

“Lattice QC




Recipe for lattice QCD computation :

1.Generate ensembles of field configurations using Monte Carlo

2. Average over a set of configurations:
= Compute correlation function of fields, extract Euclidean matrix elements or amplitude
= (Computational cost dominated by quarks: inverses of large, sparse matrix

3. Extrapolate to continuum, infinite volume, physical quark masses (now directly accessible)
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Lattice QCD computation

Typical lattice QCD computation :

e physical lattice size: ~3fm, spacing ~0.5fm

e 323 x 64 lattice —> 2 x 106 points

e propagation in time: multiple inversions of 108 x 10% matrices
e advanced algorithms

e large computer resources: several TFlop years!




Recipe for lattice QCD computation :
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TFlops*years

20

15

[Lattice 2001 @Berlin]

Berlin Wall

A. Ukawa @

Lattice 2001 (Berlin)

III|| I N1

| [ I I | I I [ | I I I

1000 configs.
L =2 fm




[~start of my PhD]
Berlin Wall update

L=3fm QCD with Nf=2+1 dynamical quarks
8 10
Eh'
o
L)
E 8 I

t 0(10)-0(100)
! improvement
Physical point

l.e., m_=135MeV

\ Current O(100)Tflops
. % machines can (easily)
. reach this point!
Foe,
%0 100 200 300 400 500 800  70¢

600 700

800
mI{MeV}

Physical Point Simulation has become reality

[Talk by A. Ukawa @CERN 2010]



Highlights of modern lattice QCD computations

Schridinger 'Functional _I
Gradient flow
- 3-loop (SF) = = =
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. mass [GeV] | ~ 5-loop (MS) -eees
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[Bruno et. al 2017]
[Aoki et. al 2008]
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[Borsanyi et. al 2014]

[Hohne et. al 2009]



Summary: HVP from the lattice/R-ratios

-

ETMC 2013 |- — + — .
HPQCD 2016 | - -
Mainz 2017 -+ ‘

BMW 2017 |-
\.RBC/UKQCD 2018 |

-+

+

+

~

RBC/UKQCD 2018 | B
HLMNT 2011 | R=y
DHMZ 2012 |- O -
DHMZ 2017 |- H-H
Jegerlehner 2017 |- HEH
KNT 2018 | = =

No new physics H—-— N
| | | | | |

610 630 650 670 690 710 730 750
aM><1O10

Plot by C. Lehner @ KEK g-2 WS 2018

@ light:u/d @ strange « charm

[HPQCD: arXiv:1601.03071,
Mainz: arXiv:1705.01775,

BMW: arXiv:1711.04980,
RBC/UKQCD: arXiv:1801.07224]

2.Average over a set of configurations:

1.Generate ensembles of field configurations using Monte Carlo

= Compute correlation function of fields, extract Euclidean matrix elements or amplitude
= (Computational cost dominated by quarks: inverses of large, sparse matrix

3. Extrapolate to continuum, infinite volume, physical quark masses,GsQSDin breaking Corrections)

so far: myg=mgyg and dem=0



Summary & Outlook

Obtain predictions for new experiments and help verify/falsify extensions of the Standard Model
Muon anomalous magnetic moment - good quantity for constraining new physics
Experimental precision 0.54 p.p.m. —> improvement 4x expected (Fermilab, J-PARC, CERN?)
Lattice QCD - needed to tackle the non-perturbative regime of QCD

Lattice FT gives an independent theory prediction of hadronic contributions

Large computing power and advanced algorithms needed

Thanks! Questions??

Next steps & new approaches:

= |ncluding electromagnetic interaction: Lattice QCD+QED

= Predictions for coming experiments: LHC(b), NA62, Fermilab g-2 (E981), RHIC, FAIR, ...
= New experiments: MUonE @ CERN

= New algorithmic advances and new supercomputers for more extensive calculations




RC* Collaboration http:/rcstar.web.cern.ch/

Rome Il - University of Rome Tor Vergata CERN

N. Tantalo e Patrick Fritzsch

G.M. de Divitiis e Agostino Patella

CSIC, Santander Trinity College Dublin
|sabel Campos e Alberto Ramos

CP3 - University of Southern Denmark e Marina Krstic Marinkovic

Martin Hansen


http://rcstar.web.cern.ch/

Space-like measurement of HVP @ CERN?

= New proposals for the space-like experimental

measurements of HVP

1
HLO Q
= — drz (1 —x)A t
G T3 /O z (1= z) Ahaa[t(2)] = [Phys.Lett. B746 (2015) 325-329 by Carloni,
t Hadrons
P Passera,Trentadue, Venanzoni] @KLOE2
tz) = —2 <0 s —
Tl = [Eur.Phys.J. C77 (2017) no.3, 139 by Abbiendi
et al.] Physics beyond
colliders@CERN
- y
G. Abbiendi, M. Alacevich, M. Bonomi, A. Broggio, C. Carloni t] (1073 GeV?)
Calame, E. Conti, E. Del Nobile, M. Fael, A. Ferroglia, 0 0.55 2.98 10.5 35.7 00
D. Galli, F.V. Ignatov, M. Incagli, U. Marconi, M.K. Marinkovic, 7 | | | | '

P. Mastrolia, C. Matteuzzi, G. Montagna, O. Nicrosini,

G. Ossola, L. Pagani, P. Paradisi, M. Passera, C. Patrignani,
F. Piccinini, F. Pisani, M. Prest, A. Primo, A. Principe,

M. Pruna, M. Rocco, U. Schubert, F. Simonetto, L. Tancredi,
R. Tenchini, L. Trentadue, E. Vallazza, G. Venanzoni,

A. Vicini...

JOIN US!

M. Passera KEK Feb 122018



