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Introduction: Particle Physics

» Observations (e, p,...Z,...t, Lorenz invariance ...)

+ Principles (Unitarity, Causality, Renormalizability)

+ theory calculations including lattice QCD (spectrum, F;)
» Standard Model of Particle Physics

local Quantum Field Theory (gauge theory)
QED + Salam-Weinberg + QCD + cr
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Introduction: the successfull Standard Model

» QED + Salam—Weinberg +
QCD

» very constrained: 3 coupling
constants

» enormous predictivity
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Introduction: the successfull Standard Model

ALEPH
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» top mass from loops = top
mass from Tevatron
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Introduction: the successfull Standard Model

ALEPH

» QED + Salam—Weinberg + -f
QCD .
> very constrained: 3 coupling

constants

z Z

& (nb)

» + masses of elementary fields +
CKM-matrix

» enormous predictivity

T
Energy (Gev)

» top mass from loops = top
mass from Tevatron
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Introduction: the successfull Standard Model

» QED + Salam—-Weinberg + “r
QCD

» very constrained: 3 coupling
constants

ALEPH

z Z

& (nb)

» + masses of elementary fields +
CKM-matrix

» enormous predictivity

I —
Energy (Gev)

» top mass from loops = top
mass from Tevatron

> too successfull (all particle physics experiments match)
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BESSNN———
Introduction: the incomplete Standard Model

But from other sources we know that there are missing pieces

» dark matter

» too little CP-violation
for the observed matter / e A —_—

from

antlmattel’ asymmetry S ,_,;_lu»m_lnvus disk

1o R (kpo)

M33 rotation curve

» There is an intense search for deviations from the Standard
Model in particle physics experiments
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Two Frontiers

to search for missing pieces

> High Energy
— Tevatron
- LHC

> High Intensity
— virtual (quantum) effects

— less tested interactions
b =

z YR

Rainer Sommer

Events/(8 GeV/c?)

00
M, [Gev/c?]

[CDF: arXiv:1104.0699 |

D ——

S Sperkeke Q ==
‘ Zad
s-?

[Yutaka Ushiroda, May 2008 ]
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e
High Intensity Frontier

Less tested interactions: quark-flavour changing interactions

Lint = ...gweaijUfyM(l —5)D’ ...
» B-decays
d’ d
D' = s’ = Vckm s = Veckm D
b’ b
N—— SN——
weak int. strong int.

Vud VUS Vu b
VekMm Vcd Ves Vcb

Vie Vis Vb

Confinement: Vj; are not directly measurable.
QCD matrix elements (or assumptions/approximations) are
needed.
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b to u transitions

» ‘“clean” transitions: B =bu — W — v

1. inclusive: B — X,lv
optical theorem + heavy quark expansion
— perturbatively calculable: (accuracy?)
double expansion in as(mp) ~ 0.2, Agcp/my, =~ 0.1

2. semileptonic: B — wlv

4 Z
(three-body, form factor) —
b a
-
‘De

3. leptonic: B — v

5
(decay constant) >-_._.<
= L
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b to u transitions

> Vi, “puzzle”
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b to u transitions

> Vi, “puzzle”

G. Isidori — Quark flavour mixing with right-handed currents Euroflavour2010, Munich

P Motivation

Exp. side: RH currents provide a natural solution to the “V , puzzle”

BB -1 Iv) «<|Vyl?
¢ ) ub Within

B(B —1v) = | v | ) T B —mnilv B — Xylv B —tv
Ub 0.0030 0.0035 0.0040 0.0045 0.0050
B(B = Xylv) o< | V|2 Vo
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b to u transitions

> Vi, “puzzle”

G. Isidori — Quark flavour mixing with right-handed currents Euroflavour2010, Munich

P Motivation

Exp. side: RH currents provide a natural solution to the “V , puzzle”

vl Lattice — ME ME
B(B =T Iv) o |V ypl?
¢ ) ub Within
B(B —1v) o [V |2 M B —nlv Bo>Xylv Bt
Ub 0.0030 0.0035 0.0040 0.0045 0.0050
B(B — Xylv) o | V|2 IVup
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b to u transitions

> Vi, “puzzle”

G. Isidori — Quark flavour mixing with right-handed currents Euroflavour2010, Munich

P Motivation

Exp. side: RH currents provide a natural solution to the “V , puzzle”

Lattice — ME ME
B(B > iv) o |Vipl? o
Within
) —_— B —mnilv B — Xylv B —tv
B(B 5tv) |Vl SM
0.0030 0.0035 0.0040 0.0045 0.0050
|Vub|

B(B — Xulv) | Vi |2

> More precise & reliable lattice calculations are needed to check
whether such puzzles are for real or others are there.

Rainer Sommer Aspects of HQET on the lattice



b to u transitions

> Vi, “puzzle”

G. Isidori — Quark flavour mixing with right-handed currents Euroflavour2010, Munich

P Motivation

Exp. side: RH currents provide a natural solution to the “V , puzzle”

Lattice — ME ME
B(B > iv) o |Vipl? o
Within
) —_— B —mnilv B — Xylv B —tv
B(B 5tv) |Vl SM
0.0030 0.0035 0.0040 0.0045 0.0050
|Vub|

B(B — Xulv) | Vi |2

> More precise & reliable lattice calculations are needed to check
whether such puzzles are for real or others are there.

» HQET on the lattice
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e
The challenge of B-physics on the lattice

: light st h beaut
multiple scale problem e sirange charm  beauly

always dlfﬁc.u't Ll Lol L
for a numerical treatment 100 1000 m [MeV]
PS

3 3 3 3
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e
The challenge of B-physics on the lattice

: light st h beaut
multiple scale problem e sirange charm  beauly

always difficult L * o \f\m\ *‘ | H*HH
for a numerical treatment 100 1000 my[MeV]
lattice cutoffs:
Aoy = at
Ar = L1
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e
The challenge of B-physics on the lattice

: light st h beaut
multiple scale problem e sirange charm  beauly

| difficult * * * *
?WQ}/S ! ICU I \HH‘ L L \\HH‘ L I I I I
or a numerical treatment 100 1000 Mg [MeV]
lattice cutoffs:
Aoy = at
AR L1
L' < me, ... .mp,mg < a!
O(etm) mpa <1/2
! !
L>4/m; ~6fm a~ 0.05fm
L/az 120
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e
The challenge of B-physics on the lattice

: light st h beaut
multiple scale problem e sirange charm  beauly

| difficult * * * *
?WQ}/S ! ICU I \HH‘ L L \\HH‘ L I I I I
or a numerical treatment 100 1000 Mg [MeV]
lattice cutoffs:
Aoy = at
AR L1
L' < me, ... .mp,mg < a!
O(etm) mpa <1/2
! !
L>4/m; ~6fm a~ 0.05fm
L/az 120

beauty not yet accomodated: effective theory, Aqcp/my, expansion
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Non-perturbative Heavy Quark Effective Theory

» Systematic expansion in A/my, ~ 1/10
» Non-perturbative implementation including 1st order
corrections: NIC group

[Heitger & S., 2003] P

[B. Blossier, M. Della Morte, N. Garron, G. von Hippel, T. Mendes, H. Simma, R. S., 2010]

QCD HQET

Ly Ly L2 Lo

S1 Sz
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e
B physics

Bs — utp~ at LHCb: sensitive to SUSY contributions
NP matrix element: Fg,

First lattice computation of 1/my, correction in HQET [ A&i4 2010 ]

241 -
22 163 Fy mg 121Gy
L w2 1
2 1" Fps Mps'*/ Cps.

o 005 01 015 02 025 03
Uomes)  ~, 1 /mb
quenched
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Beyond the classical theory: Renormalization and Matching
at leading order in 1/m

a matrix element of Agp:

QCD HQET in static approx.
Za (FlAc()li)qep  ZR () (FIAG™(x)|i)stat
PP (m) (1)

» m: mass of heavy quark (b) in some definition
(all other masses zero for simplicity)

P u: arbitrary renormalization scale

» matching (equivalence):

(DQCD(m) = Ematch(’nr /'L) X ¢(lu‘) + O(l/m)
Ematch(mv M) = 1+ Cl(m/u)gz(u) +.

Physical observables, such as Fg_, are independent of renormalization scheme, scale.
= switch to Renormalization Group Invariants

Rainer Sommer Aspects of HQET on the lattice



Better: Change to RGl's see e.g. [Rs. arxiv:1008.0710 |

: beta-fct

drar

I
[¢]
X
kel
—N
|
—
o
3
2=
x|
——
2
=
»

B —r0/2bo &(1) ’\’/(X) Yo
[2b08 (1) ] exp {_ /o dx { B(x)  box } } *)

dQCD = Cpg(M/A) x drar ~v:AD in HQET
g+ (M/N) Ymatch (X
Cps(l\/l//\)exp{/ dx t—()}
B(x)
with A : Lambda-para
A g (M/N) 1 —7(x)
— = exp —/ dx —— 3 | —  g(M/N) M : RGI quark mass
M B(x)

Ymatch: describes the mass dependence
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Better: Change to RGl's see e.g. [Rs. arxiv:1008.0710 |
g ~(x)
Brar = exp 4 — / ax 299 Vo) = Znar(en) x d(eo) 3+ beta-fet
. B(x) —_———
known,ﬂcﬁﬁﬁ bare ME
— — \27—"0/2bg - E(k) {7"()() - ﬂ}
= [2bog (1)’ ] exp{ /O dx 309 Box & (p)
dQCD = Cpg(M/A) x drar ~v:AD in HQET
«(M/N) ‘matc
Cps(l\/l//\)exp{/g dx ’Yt—h(X)}
B(x)
with A : Lambda-para
A g (M/N) 1 —7(x)
— = exp —/ dx —— 3 | —  g(M/N) M : RGI quark mass
M B(x)

Ymatch: describes the mass dependence
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e
Matching and RGl's

M o M 8CPS ’Ymatch(g*)
—_— = —_— = * — * M /\ .
®OM|,  Cos OM |, 1-1(g) & &(M/N)
and with
«—0 matc -\ 8—0 —
Ymaten (8¢) ~" — 082 — W gl + ..., B&) S — b’ + ...

we can give the leading large mass behaviour

Crs MR (2bog?) /% ~ [log(M/N)] 0/t
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The present knowledge

For Ymatch at / loops need
Yas = 7 : | loops;
Cmatch(g*): I —1 loops

’yo [Shifmann& Voloshin; Politzer& Wise ]

’YWS 2 [Chetyrkin & Grozin, 2003 ]
s

Cmatch(g*) to 3 |OOpS [Bekavac, S. et al, 2009]
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e
The present knowledge

For Ymatch at / loops need Cos(Azs/M)
Yas = 7 : | loops;
Cmatch(g*): I —1 loops

’yo [Shifmann& Voloshin; Politzer& Wise ]

— — —-
ES) ] S

© T

,_‘
SN

’YWS 2 [Chetyrkin & Grozin, 2003 ]
s

Cmatch(g*) to 3 |OOpS [Bekavac, S. et al, 2009]
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An application

0.8

0.6

this looks good; one may interpolate to the physical point ...

Coal /N,
14

122

T
312 RGI 4
102w

112 1
Fps Mps™*/ Cpg —a—

L
0.15 0.2 0.25 0.3

U(ro Mps)

Rainer Sommer
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An application

0.8

0.6

122

T
312 RGI
102w

112 1
Fps Mps™*/ Cpg —a—

.
0.15
U(ro Mps)

0.3

Caaberation

ALPHA ]

Coal /N,
14

—— 3-loop 7]

77777 1-loop 7
—— 2-loop 7

this looks good; one may interpolate to the physical point ... but

Rainer Sommer
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What is the accuracy of perturbation theory?

to 3 loops [Bekavac, . et al, 2000 | also for various bilinears

Cmatch (g*)
Ymatch
r notation
— Y05 Ao
Or = () (x) - p
Vi Vi
Vi T
QCD r g y(x) .
¢I’ = Cmatch(g*) X ¢'(:U') = Cmatch(g*) exp / dX% ¢’RGI
&x A/trnatch (X)
= ep / dx ———— / PRrat
B(x)
A’rrﬂatch: 3—|oops ’\//Ic]'dtch - ’yrrn/atch: 4—|oops

. . r
[chiral symmetry of light quarks (Mjighe > 1): 7, % 5 = ”/Latch ]
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Compare different orders

1.3

1.2

1.1

RERRRRaEsERassussmsemany 11 e We actually show
E E E C, e standard E Cr/r/ =
n . L r r
r CA/V, standard 4 r 1 Cmatch(’n7 u)/cmatch(m’ /.L)
- g . 0.9 g \ 3 B-physics: Agrg/My, ~ 0.04
r ] C ] —1/ |Og(/\m//\/’b) ~ 0.3
r — — 0.8 = 7
o b o i s B bbb b s
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
[T T [T T
s 1 1.04 4
} { 1.02 £ Cyyy» standard E
F E 1~
E 1 o98f E
Fo 0.96 -
B b b b d Conc bbb b 3
0 0.1 02030405 0 0.1 02 03 04 05
1/1log(Ays/M)

Rainer Sommer
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Compare different orders

1.3 e 11 e We actually show
E ] E 1 Gy =
Le 7 e — — 1 r r
r CAH/V, standard 4 r 1 Cmatch(’n7 u)/cmatch(m"u‘)
L1E A4 0.9 1 B-physics: Ayis/ My =~ 0.04
F -— 1 F i —1/log(Axs/Mp) ~ 0.3
P ——— 7 0.8 7 /oe(sis/ M)
oo d bbb d
PRt T e Yoy Perturbation theory is badly
A ] 1.04 T 3 behaved
a Loz b Cype standard 3 for charm quarks very badly
1 e ~c—— o
1 oeeb =
STTTOTIONS R SOOI
0 0.1 02 0.3 04 05 0 0.1 0.2 03 04 05
1/1og(Ags/M)

Rainer Sommer
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Different orders of PT

the normal behavior for one-scale quantities is

O = ogtoatoa®+... o = g2 /(4r)
|O;‘,§1

(0o suitably normalized)

examples: pg—i =—g{ba+ b’ +...}

pom __ _ 2

= o doa — dha” + ...
o . 2

%@—v——%a—yla +...

(N = 3)
MS b; 0.71620 0.40529 0.32445 0.47367
d; 0.63662 0.76835 0.80114 0.90881
vi -0.31831 -0.26613 -0.25917
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[
Different orders of PT

the normal behavior for one-scale quantities is

O = ogtoatoa®+... o = g2 /(4r)
|O;‘,§1

(0o suitably normalized)

examples: pg—i =—g{ba+ b’ +...}

pom __ _ 2

o = doa — dha” + ...
o . 2

%@—v——%a—yla +...

(N = 3)

MS b; 0.71620 0.40529  0.32445 0.47367
di 0.63662 0.76835 0.80114 0.90881
~vi -0.31831 -0.26613 -0.25917

Perturbation theory is well behaved
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[
Different orders of PT

(N = 3, well behaved MS RG functions)

MS b;  0.71620  0.40529  0.32445 0.47367
di 063662 0.76835 0.80114 0.90881
~vi -0.31831 -0.26613 -0.25917

but mass-dependence (matching anomalous dimensions):

Ymatch (8x) = qﬂﬁ% = —ya—ya?+...
(Ni =3)
Ao, vi -0.31831 -0.57010 -0.94645
Vo, i -0.31831 -0.87406 -3.12585
Ao/V, i 0 030396 2.17939 14.803
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[
Different orders of PT

(N = 3, well behaved MS RG functions)

MS b;  0.71620  0.40529  0.32445 0.47367
di 063662 0.76835 0.80114 0.90881
~vi -0.31831 -0.26613 -0.25917

but mass-dependence (matching anomalous dimensions):

Ymatch (8x) = qﬂﬁ% = —ya—ya?+...
(Ni =3)
Ao, vi -0.31831 -0.57010 -0.94645
Vo, i -0.31831 -0.87406 -3.12585
Ao/V, i 0 030396 2.17939 14.803

Perturbation theory is ill behaved (applicable at very small «)
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e
Changing the scale

we had

¢QCD(m) = Cmatch(m7 l") X q>(lu)

» Chose a “convenient” scale: = m, = m(my), g« = g(mx)

» may set more generally
pn= s tm, = m(my), g« = EB(my)

» note: in the effective theory
— one does NOT INTEGRATE OUT DOFs ABOVE p = my
— one matches the physics BELOW

— expect s > 1 is better
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e
Changing the scale

we had
®P(m) = Cuaten(m, 1) x d(n)
» Chose a “convenient” scale: p = m, = m(my), g« = g(my)
» may set more generally
p=stm = m(my), g« =g(my)
» note: in the effective theory

— one does NOT INTEGRATE OUT DOFs ABOVE p = my
— one matches the physics BELOW

— expect s > 1 is better
> the result is simply (2 = g(s~'my)))

’Ymatch(g*) = &match(é—) - _;7\/00‘ - ”7\/1042 + ...
Jo =", 1 =71+ 2bovo - -

Ces(M/A) - = eXp{/ dx 7m;t(cj()()}_
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e
Changing the scale

Tmatch(8x) = Amatch(&) = —Hoa — 'AYlCY2 + ...
J =", =7 +2b---

g .
Cps(M/N) = exp{/ dx%}

Ao, 4i -0.31831 -0.57010 -0.94645 1
-0.31831 0 0.39720 3.4916

Vo, 4 -0.31831 -0.87406 -3.12585 1
-0.31831 0 -0.231121 6.8007

Ao/V, Ai 0 0.30396 2.17939 14.803 1

0 0.30396 0.972221 4.733 4

0 0.30396 -0.05414  1.82678 13

0 0.30396 -0.23495  1.85344 16

[Very similar for Cuaten(mq, 1) with 1 = s71mgq expanded in o(p)]
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e
Changing the scale

Tmatch(8x) = Amatch(&) = —Hoa — 'AYlCY2 + ...
J =", =7 +2b---

g .
Cps(M/N) = exp{/ dxggig}

Ao, 4i -0.31831 -0.57010 -0.94645 1
-0.31831 0 0.39720 3.4916

Vo, 4 -0.31831 -0.87406 -3.12585 1
-0.31831 0 -0.231121 6.8007

Ao/V, Ai 0 0.30396 2.17939 14.803 1

0 0.30396 0.972221 4.733 4

0 0.30396 -0.05414  1.82678 13

0 0.30396 -0.23495  1.85344 16

The behavior can be improved significantly but s24 is required
a(myp/4) is not small!

[Very similar for Cuaten(mq, 1) with 1 = s71mgq expanded in o(p)]
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Conversion functions with and without scale optimization

[ T e e e
11 L s=1 1 b J [ s=13 i .
1.05 A4 F 1 F // 1 F E
r 1t 1L~ 1 ]
EZ 1 F _ I I i R e
Flinton b tond Botonbnbonabend Boedeoo o binbend Beobonn oo o]

0 01020304050 01020304050 01020304050 0102030405
1/log(Aﬁ/M)

AR RRARN AaRRY RRRR S RARY ARRNRARRNRM/ IR RARR YRR RRNRARRNRARRRRRRRNARRA: ARRNRARRNRRRAYAARARARRA:
[ | 4 L 4 [ 4

L s=¢4 | - L s=13] 4 L

4 | 4 L

hY
.

/ 4 F 3 4 d
7 4 [ / /’ | [ /‘/‘ | [ |
s R / 1 T } 1 T / i
£ e 7; [ ,’ 1 [ / 1 7 p ]
1.02 Fotdtlotintind  Letbdiinitnd  Lentdotontonton]  Leotdid oot
0 01020304050 01020304050 01020304050 0102030405

1/1og(Ays/M)
The ratio Cpg /Gy, evaluated in the first column as described here. In columns two and three the expansion in g,
is generalized to an expansion in g(m, /s). The last column contains the conventionally used

egitch(mQ, mq, mQ)/€¥atch(mQ7 mq, mq). For B-physics we have Am/szo.M and
-1/ In(AWS/Mb)zOJ' The loop order changes from one-loop (long-dashes) up to 4-loop (full line) anomalous
dimension.

iner Sommer Aspects of HQET on the lattice



A conclusion on perturbative matching
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A conclusion on perturbative matching

» is not easily drawn

» the effective scale seems well below © = m
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A conclusion on perturbative matching

» is not easily drawn
» the effective scale seems well below © = m

» seems reliable only for masses beyond my,, where it is of limited use
for us
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A conclusion on perturbative matching

» is not easily drawn
» the effective scale seems well below © = m

» seems reliable only for masses beyond my,, where it is of limited use
for us

> a similar statement is found in [Bekavac, S. et al, 2009 |
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A conclusion on perturbative matching

» is not easily drawn
» the effective scale seems well below © = m

» seems reliable only for masses beyond my,, where it is of limited use
for us

> a similar statement is found in [Bekavac, S. et al, 2009 |

» other ideas?
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A conclusion on perturbative matching

» is not easily drawn
» the effective scale seems well below © = m

» seems reliable only for masses beyond my,, where it is of limited use
for us

> a similar statement is found in [Bekavac, S. et al, 2009 |
» other ideas?

> in any case perturbative matching is only theoretically consistent at
leading order in 1/m,,

1 k m3>Nqcp
2b0 Iog(m//\QCD)

o(m)

1/m
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BESSNN———
With N; = 2 dynamical quarks and NP matching  Avpua

Collaboration
= ,,/jj_/——'“ 64 x 323...96 x 483
i et 7 lattices
5 ] simulated on
LT JUROPA, JUGENE
32 stat —
° I‘O CI:']
A 1_03/2 (D]HQET e
L1 — LOchiral fit |
—— NLO chiral fit J
\ \ \ \
0.4 0.8 12 1.6

,m)’

314385 5,

F3 = Folm—0 x <1 T4 1672F2

mfr Iog(mi/FT%) + b m72r>

Low energy coupling gg- g is needed (for static quarks).
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Low energy coupling g = gg- g with unprecedented
precision

g = const. x <B;_]2\k(0)]80) ., Ak = dyiysu

0.65[— ®  ALPHA a=0.08fm = ALPHA a=0.07fm
@ r A ALPHA a=0.05fm X Becirevic et al. a=0.08fm
- & ALPHA continuum (prelim.)
0.60[— %
L —
osb T
r r ] -
- E —
osof | ——"
o4sf
0.0 0.2 0.4
m2 (GeV?)

precision due to improved techniques
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Low energy coupling gg- g with unprecedented precision

[Bulava‘ Donnellan, S. ]

quenched

- 0.620
5
(=2}
0.615
0.610
0.605

0.600

0.595

0.590
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Determination of g: plateaux

N = 3 basis of different size Gaussian wavefunctions

Energy level Matrix element g

£0.54¢ =0.80¢
0,53 S0.78F
+0.52 =0.76¢

0.51F 0.74F R

0.50F 0725 ¢

0.49% 0.70F

0.48¢ 0.68F .

82;: . ] [ 822: Hyp1B - BTt

04s- 7 LR 0.62 0-7279(52)

044 5 115 2 060y 5 1015 20

a a

g’eﬁ"(t) = § + O(tAN+1,1 e_tAN+1’1) AN+1,1 ~ 6/fm
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Determination of g: standard ratio

geﬁ(t, tX) = C3é2t(att)x)
/&/‘L\a\
%
G(t, ty) = 1 = .

Gler) = (OB; L laje (ol Au(0) 3 e (' )

= const. x e~ (Br7|AL(0)|B%) x (14 Oe~(ft)h2n | g=than)
and
Bep(t,t) = g+ O(e (H)R omthany
No1=Epg—Ep=Epg—mg~2/fm
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Determination of g, comparison

previous|gecirevic et al, 2000 |

1

06

04

Rainer Sommer

New matrix element g

=) 1.0
5 0.9F
0.8F
0.7F
0.6
0.5
0.4F

Hyp1B - BTLO
0.7279(52)

0.%

5 t]]g 15 20
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Determination of g, comparison

previous|gecirevic et al, 2000 | New matrix element g
. : sea 7‘ - 10
R(t) ;» 0.9F
o 08F ety
Al

o

6 0.6

05E Hyp1B - BTLO
04  0.7279(52)

R T
a

04

old method with improved statistical accuracy (all-to-all)
0

Mo (®)

©O 000000 R
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BESSNN———
Improved techniques: the GEVP

matrix of correlation functions on an infinite time lattice
Gi(t) = (0/(0)0;(1)) = > e B pthy, i j=1,...,N
n=1
Uni = (¥n)i = (n|0}|0) = ¢ En < Enia
the GEVP is
C(t) va(t, to) = An(t, to) C(to) vn(t, t0), n=1,....,N t>t,

Liischer & Wolff [1000 | showed that

1 An(t, to) =
ET = Zlog—~—~~ =FE t,t —
n 2 8 An(t+ a, to) ot enlt o)

&‘n(t, tO) — O(e—AEn(t—fo)) LAE, = ‘ ,T;L?, E,, — En| .
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[
The GEVP method

[1990] correction term

6,,(1’, tO) _ O(efAEn(tfto))’AEn = | ,T;ér,: E,, — En| .

[~ 2000] F.Niedermayer, P.Weisz: private notes on GEVP, including
perturbation theory in n > N levels

[2000] we could prove that [B. Blossier, M. Della Morte, G. von Hippel, T. Mendes, R.S. |
7A n t - _
en(t to) = e "N tif tg > t/2, Ang1n = Eny1 — Ep

[2000] similar formula for a decay constant: excited states as well

[2011] and now also a formula [ Bulava, M. Donnellan, R:S. |
(to > t/2) =

<f’O’I> - Meff(t, t()) + O(tAN+l’neftAN+l,n)
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Demonstration in a toy model

> b states
» matrix elements between 1/5 and 1

» matrix element (3|h,[3)

= 1.8
5 1.6L% *unsummed
= e
1.4F .
127 summed
1OE Y %,
08F % ™
06F
0.4f
05 50 100
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Demonstration in HQET: energies

a=0.07fm E,*® from GEVP for = 6.3
ff,stat 0.36 T T
ES A, 4) from 2x2 —e—
ak (t’ t()) S'a'(t 5), Jfrom 2x2 (shifted) —e—
L it —— ]
035 E,%®(t,4), from 3><3 —.—t
curve: —
034 E,%®(t,4), from 4><fA ——
—A t ) —
E1 + aye SN+ & E,°®(t,4), from 5x5
'.g 033 | ‘blateau at 0.3045 ]
=]
& o032f B
g
g:/ 0.31 B
o
w
03 4
0.29 4
0.28
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
t (fm)
. ff,stat ff,stat
Apy1,1 agree with plateaux of Ey 7" (¢, to) — By > (¢, to) for large N and t.
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[
Demonstration in HQET: g

0.7

Hyp1B - BT
0.7279(52)

5 273 15 20

ocooooo0
DO O NN

Energies

=054
=053
w'o.52
0.5
0.50
0.49
0.48
0.47 [
046F ... ... S TERE!
0.45 PR \

044 5 g;g 15 20
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[
Demonstration in HQET: g

GEVP best wavefunction (one may be lucky)

=0.80 ~0.80F

0.7 0788 ., _
=07 | ‘ so76f 1712

0.7 . ¢l Oy 2

0.7 [ 0.72F :

07 | 0.70F

0.6 . | 0.685

0.6 Hyp1B - Bm 0.661

0.6 0.64F

062 0.7279(52) 062

0.6 5 i 5 20 060 5 10 15 20

) a X
Energies

054 054
=053 =053
w052 w'o.52

05 05

0.50 0.50

0.49 0.49F"

0.48 0.48

0.47 [ 0.47F * [

0.46 e .. ;§§9;§TTI' 0.46 el EEEQIEIII

0.45 ! Hw 0.45 ! ww

044 5 i 5 20 044 5 0 15 20

a a
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f, with Ny = 2 dynamical quarks ALPHA

Collaboration
L5 4
et 64 x 323...96 x 483
" ] lattices
— P simulated on
T 1 JUROPA, JUGENE
S 13 4
o | ,
;',_P [ 32 stat —
12 A e @
I, N rn}/Z ¢‘HQET -
L1 — LOchiral fit |
% | | T NLO chi‘ra] fit 4
‘ ‘
04 0.8 12 16

t,m)’

31+ 3g2.

2 2 /2 2
4 167T2F7% my |og(m7l'/F7T) + bmﬂ')
To be done:
» Chiral extrapolation with known gg+ g

> continuum extrapolation (from a = 0.08fm . ..0.045fm)
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Summary

v

vV v v Vv

B-deacys are an important piece in

the validation of the SM of particle physics

the search for new physics
On the lattice an effective theory is needed
NP HQET is well on its way for Ny > 0
Precision chiral extrapolations require a determination of g
High precision determination of g is done using new methods
which are applicable more generally

With our preliminary number for B — 7v (fg), the V,;, puzzle
remains.
A precise number will come soon (N = 2).

» Bs — ptu~ immediately after (fg,, LHCb).

>

B — 7lv is the next step.
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