Precision determination of b-mass and pseudoscalar B-decay constants
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LQCD: Theoretical framework for 1" principles QCD computations

among many observables LQCD is indispensable for the
precise evaluation of ...

e quark masses

e hadronic effects to Weak Matrix Elements

[Experiment] = [known factors]x [CKM] x [hqdronic matrix elemgnfs]
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precise evaluation of ...

e quark masses

e hadronic effects to Weak Matrix Elements

[Experiment] = [known factors]x [CKM] x [hqdronic matrix elemgn’rs]
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Precision Flavour Physics requires broad cooperation of Theory and Experiment

S~

Indirect probe of higher scales than directly accessible
(New Physics)



Mp

e fundamental SM parameter

® enters as input

in Higgs decays: B(H — bb)  m,,

in B-decays inclusive: BR o« m,,



B(B — tv)~ 107"

[Belle, BaBar]

['(B— lv) = BEGE f§|Vub|2‘m

(0|Ao|B) = fgMp

lattice
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B(B— tv)~10""
[Belle, BaBar]

2
_ mp 2|2 2 (1 M
F(B — Eyf) - Bif GFfB|V“b|Q‘mf ( m%) (to lowest order)

(0|Ao|B) = fgMp| lattice

mmmmmm

N

BaBar (1207.@9/ —

Y

0.6 0. I 12 p

8
IV, | xf, (MeV)



‘l rare decays \

M(By — £7€7) oc fgo?|V,

b Viql’

B(B = pp~) ~107°
B(BS — jtp) ~ 10710

[see CMS + LHCDb (joint analysis)]
(1411.4413)
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LQCD simulations: landscape

CLS Ne =2

ETMC Ne =2

(clov) ETMC Ni =2

QCDSF Ne =2

BGR Ne = 2

JLQCD Ne =2

(plaq) TWQCD N¢ = 2

(Iwa) TWQCD Ne =2

(HEX) BMW Ne=2+1

(stout) BMW Ne=2+1
(stout-stag) BMW Ne=2+1
CLS Ne=2+1

HSC Ne=—2+1

PACS-CS Ne=2+41

QCDSF Ne=2+1

JLQCD Ne=2+1

RBC-UKQCD Ne=2+41

(DSDR) RBC-UKQCD Ne=2+41
(Moebius) RBC-UKQCD Ne=2+41
MILC Ne=2+41

MILC N;=241+1
ETMC N;=24+14+1
BMW Nf =1+14+1+1
JLQCD/CP-PACS (2001)  Nf =2

M, (experiment)
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e realistic dynamical quark setup (u/d, s, c: 2+1, 2+1+1, 1+1+1+1)
e CL.(a— 0)with scaling a2

e simulations at mys ~ my (or very close)

e non perturbative schemes for operators renormalisation



LQCD simulations: scales (LI '<xu<xa™?)

Typical current lat. spacings alc [2,4] GeV

amec ~ 05 & M;L2 3~ (a~0.085fm & L/a~ 50)
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LQCD simulations: scales (I '<pu<a™)

Typical current lat. spacings alc 2,4] GeV

amp ~0.58& M;Lz 3~ (a~0.025fm & L/a~ 175)

ame ~ 05 & MLz 3~ (a~0.085fm & L/a~ 50)
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LQCD simulations: scales (I '<pu<a™)

Typical current lat. spacings alc 2,4] GeV

CPU x> CPU xa *® CPUx1/my

amp ~0.5& M;L=z 3~ (a~0.025fm & L/a~ 175)

ame ~ 05 & MLz 3~ (a~0.085fm & L/a~ 50)

=% But even for simulations at higher pion masses M, ~ 200 MeV,

the CPU cost is O(50-100) larger than the most expensive
todays LQCD simulations

=% Hence, in practice it is still not possible to simulate
reliably the b-quark mass



B-physics on the Lattice

e Isit possible to set under control discretisation errors whenamy 2,1 ?

=) A variety of proposals based on the use of effective theories for dealing
with valence b-quark effects:

o Relativistic heavy quark actions designed to reduce lattice artifacts [FNAL, RBC]

e NRQCD action [HPQCD]
e HQET and non perturbative matching to QCD [ALPHA]
e Chain of ratios for (relativistic) mp > m. & HQET scaling laws [ETMC]

(ratio method)

The more (and of different systematics) setups are in play the better control
(and confidence) on h-quark systematic uncertainties is gained for the lattice
evaluation of B-observables.




ETMC simulations Ne=2+1+1
(u/d,s,c)

a (fm) | MZ"(MeV) | L3 x T/a* | L (fm) | ManL

0.089 245 323 x 64 2.84 3.53
0.082 239 323 x 64 2.61 3.16
0.062 211 483 x 96 2.97 3.19

Action: MtmWilson + Iwasaki glue (+ valence tm/0OS)

(mu/d: Mms, mC:a) -

phys. input (Mz, Mk, Mp& Mps, fr)

my ~ [m¢,3.5m.]  (Smearing to isolate ground state)

Frezzotti & Rossi, hep-1at/0306014, hep-lat/0311008, hep-lat/0407002
ETMC 1004.5284, 1005.2042, 1403.4504



e Sequence of h-quark masses: m

charm - region

Ratio Method - 1

(") — X m

[ETMC, 0909.3187, 1107.1441,
1308.1851]

(eg A =1.1—-1.2)

bottom - region

e Compute on the lattice a quantity that depends on h-quark:
Qm™] ., +OamY)

Q(m{")]

lat

—» smooth scaling behaviour (cutoff errors under good control) is expected only for

mp in charm-region (e.g n=1 in our h-mass sequence).

® Ratios are also expected to show good scaling behaviour even for my, away from charm-region:

| Q(m;") | = Q(m;")
Q(m&}n_l)) lat Q(m!(T”—l))

|+ = no(am™?)



Ratio Method - 2 [ETMC, 0909.3187, 1107.1441,

1308.1851]
® Sequence of h-quark masses: mi,n] = A m,ﬂ”‘” n=2,....,K (eg A=11-12)
charm - region bottom - region
I I
............. ] ] ] | ] | ] ] P
1 + n
mﬁ, ) mf} mf} mf} mg{} mf{ 1) m,(TN 1)

® Choose Q(my) described by some HQET scaling law;

C
Q(mh) — Qstat + e + ...
M

—» Ratios:

c! c
RQ(mh) =1+ 1 + (22) + ... mi}oo 1 [static limit for ratios is exactly known]
mp my



[ETMC, 0909.3187, 1107.1441,
1308.1851]

Ratio Method

® Sequence of h-quark masses: m{ )= Am {”_1] n=2....,K (eg A=11-12)
charm - region bottom - region
] ]
lllllllllllll ] ] ] ] ] | ] ] P
(1) () ,(3) (4) (K)  (K+1) (N+1)
My my* m,= my m, h h
chain equa’rg)n Q(mf}) Q(mf)) Q(mi,K}) Q(mETKJrl)) Q( (N-+1) )
( ) INES @y, X X (K=D) Ko X X
Q(mh ) Q(mh ) Q(mh ) Q(mh ) Q(mh )
— “— — — /(Hr—’
~ well-controlled CL Interpolation
(HQET inspired)

computation in the c-region
~ratios safely computed to C.L. thanks to

“_partial cancellation of systematics

of ratios in the b-region using
safe/y computed relativistic
da‘ra and the exact static I|m|1'



® Sequence of h-quark masses: mi”] = Am

charm - region

Ratio Method

4

[ETMC, 0909.3187, 1107.1441,
1308.1851]

(eg A =1.1—-1.2)

bottom - region

ﬂ'Tune A .such that <

r

~~ ratios safely computed to C.L. thanks to
~_partial cancellation of systematics

1) set Q(mE,NH]) = Q(mp)|(expt.) —

I
............. ] ] ] ] ] | ] ] P
(1) 2 3 4 K K+1) N+1)
O () (
chain equation
QN DY @ty Q) Qi) Q(m?) | Q(m™) Q™)
Qm)  Q(m?) Q(m "y Q(m") Q(my")
Y—— “—— —— —— /(Hr—’
| ~ well-controlled CL | InTe_rpo!aflgn
~_computation in the c-region S (HQET inspired)

of ratios in the b-region using
safe/y computed relativistic
da‘ra and the exact static I|m|1'

mp = )\Nmm

h

2) make predictions for any other h-quark quantity through a similar chain

procedure that ends up at mp = m

(N-+1)
h



b-mass computation B-decay constants computation

Om = Ve Fhg = g/ M =/
= = =U,s
" (Mae) Y (Mes)@=) hg = Thq/Mhq: G = 5
[ ratio of pseudoscalar masses with [ decay constant to pseudoscalar mass ratio

heavy-light/srange and charm-strange ~ with heavy-light/strange quark content ]
quark content ] 3

dimensionless quantities:

m smoother scaling behaviour to the C.L.

m scale setting is provided once extrapolations to C.L. @ myare done

* y : variation of this parameter allows further control
on systematics



b-mass computation B-decay constants computation

. Mﬁs
o (Mpe )Y (Mes )=

Qm ]:hq = th/th: qg=1{,s

asymptotic HQET conditions

/ \

. . 1
lim ( Qm ) — const. [im th (mﬁoe)?’/z = const.

: pole _ 1
mﬁde—}oﬁ (mh ){1 7) mlgoe_)_oo

static limit of ratios of Qn and Fpy exactly known (=1)




b-mass computation B-decay constants computation

Mﬁs
Qm — fhs — fhs/Mhs
(th)’}’(Mcs){l—’T]
safe scaling behaviour in the charm region
240 - 0150 —
b B=190 —— o 8 =190 —a—
1.235 ‘ =195 —a— ' 0.145 [ 3=1.95 —=a—r
oy P ] 4 =210 —e— ] § o =210 —e—
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combined continuum & chiral fits

HA+ Bmf + Dazu



b-mass computation B-decay constants computation

Mﬁs

B (Mpe)Y (Mes)(1=7) Fhs = fns/ Mhs

Qm

well controlled discretisation effects of ratios (for my, > m. - region)

040 ,
=190 —a
or =195+ =
L0351 B=210 -
CL - phys. point —e—
ﬁ 1.030
= T..»':?“' . ' A
1.025 | ; i = . s
; . ¢ T j Z
(]
$
1.020
10t L v i v e
0.00 0.01 0.02 0.03 0.04
my [GeV]

combined continuum & chiral fits

HA+ Bmf + Dazu



yqQ(mp)

b-mass computation

fhs — fhs/Mhs

B-decay constants computation

1.04 e

\js—1+m+
mp

h | 1

2]
my | ]

Q . Mﬁs
" (-PV':‘IJHE)’Y(-"'Vf"rcs){l_’yJ
ratio interpolation in the b-region
1.002 | ]
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b-mass computation

Mhs

Qm = (Mpe )Y (Mes)1=)

chain equation

yQ(m[ZJ)yq(m[3]) o }’Q(m[N+1]) _

A

K(v—1) Qm(m™)) ﬁ(m‘“’*”m))w—l
Qm(m)) p(m®), 1)

Satisfy chain equation by tuning step A, such that
Q(mLN-f'l)) matches (Mgs/(Mg)")(Mps)—1)

!

mp = )\Nmil}

h




b-mass computation

. Mhs
; (MhE)W(Mcs){l_rﬂ

Qm

B-decay constants computation

]:hs — th/Mhs

chain equation
2 3
yo(m®?) yo(m®) ... yo(m!

Ny

2K

vy —1) Qm(m™*)) _ ﬁ(m(NJrl):#»))'v—l
Qu(m®) (™, )

N

3 N+1 stat,
Lawyz Fs(m™ D) G (u* . m

2 3 N-+1
zs(mg ])zs(mﬁj )) zs(mfﬁ N ))

4

Fas(my)) Gt (ur, m™Y)

1 N1 3/2
(W (p(mi *’,m)

p(mY) )

!

mp = )\Nmm

h

N .
Satisfy chain equation by tuning step A, such that | Apply the chain equation upto my, = A" m,

Q(m™Y) matches (Ma./(Mg)")(Mps)~1)| | o obtain fas/Mas

and multiplication with Mgg(€XPt) provides

st

(1)




Similar strategy for the evaluation of

° mp / mc

o st / fB

mep fg = fps/ (fas / fg)



Results



b-mass

m.b(h-*—IS, Tﬂ-b) = 4*26(3)Stat—|—fz't(IU)Syst[IU] GeV

Ne=2+1+1
(this work) ETMC 16 ——
HPQCD 15a H
HPQCD 15b i
Ni=2+1
HPQCD 13 -
HPQCD 10 v
Nfg=2
ALPHA 13 —
ETMC 13 —.
PDG -
4 4.14.24.34.4

mp(MS, my)

GeV]

error budget

uncertainty (in %) | my
stat-+fit 0.9
syst. discr. 1.6
syst. ratios 0.8
syst. chiral 0.4
RI’ - MS matcing | 1.3
Total 24




mp / mc

mb/mc = 4.42 (3)stat+fit (8)sysf [8]

error budget

Ne=2+1+1
uncertainty (in %) | mp/mc
(this work) ETMC 16 —a—
stat-}fit 0.7
HPQCD 15 —— syst. discr. 0.9
syst. ratios 0.8
Neg=2+1 .
syst. chiral 0.3
HPQCD 10 - syst. trig. point 1.2
Total 1.9
42 44 46
my/m,.

= From m¢c/ms = 11.62(16)(1) (ETMC 1403.4504) we can easily determine

mp/ms =51.4 (1.1)stat+fit (0-9)sys'r [1.4]

(HPQCD '14: mp/ms =52.55 (55), Chakraborty et al. 1408.4169)



B-decay constants

error budget

uncertainty (in %) | fss | fs/fB | B
stat+fit 1.7 1.5 2.5
syst. discr. 1.3 0.6 0.7
syst. ratios 0.5 0.3 0.6
syst. chiral 0.3 0.2 0.4
syst. from [/ fr - 1.3 1.3
Total 2.2 2.1 3.0

fHS — 229(4)3tat—|—fﬁ(3)sy3t [5] MeV

fHSXfB - 1*184(18)smt—|—fz't(18)3y5t[25]
fB — 193(5)Smf+ﬁ't(3)5y3t [6] MeV

fes /1

fi//ff p— 0.997(15)5tat+ﬁt(7)5yst [17]

fps /i

0s/ o = 1.003(13)stat+ it (6)syst [14]

f [ fr [ETMC 1411.7908]




B-decay constants

Ny =2+1+1 o Ne=2+1+1 N Ne=2+1+1
(this work) ETMC 16 ._._. (this work) ETT\.[(,' 16 '——l—i (this 'fHUJ“ﬂ.‘EETiP\!S lij n—l—:
- p | HEQU DY 1 - aruer s [T
HPQCD 13 - ; ;
1 LAG 1 ‘ FLAG 13 j
FLAG 13 ra- FLAGLS ™ -
M=zl Nf}e;;rtlu QCD -
e s -UKQCD 14c —— RBC-UKQCD 14c ——
CUKOCD 1¢ — i by | |
HBe ['[\Q(_'.D l‘i RBC-UKQCD 14n H—— RBC-UKQCD 14n —
HPQCD 12 —— HPQCD 12a - RBC-UKQCD 14s ——
HPQCD 11 i HPQCD 12b —.— HPQCD 12 .-
FNAL-MILC 11 —— FNAL-MILC 11 - FNAL-MILC 11 ,_._|
FLAG 13 n—-—| FLAG 13 ,_._. FLAG 13 |—i—|
©TAIPHA M e Ne=2 lPHA L :
I s ALt ALPHA 14 —
ETMC 13 —— ETMC 13 - |
FLAG 13 . PLAC 15 1 ETMC 13 -
|...|..§.|...|...|... T W Y FLAG 13 '—,._' .
210 220 230 240 250 260 170180 190200210221 11 12 13

fBs [MeV] fr [MeV]

fes/ [

[weak dependence on number of dynamical flavours]
[all results compatible within errors]



Conclusions

@ High precision computation of b-quark mass and pseudoscalar B-decay
constants with ETMC 2+1+1 gauge ensembles employing ratio method.

@ Ratio Method

- computationally cheap
- no need for explicit computation in effective theory

@ Accurate study of the systematics thanks to new variants of ratios
used in the present analysis.
(= Much reduced total uncertainty wrt ETMC Nf=2 (2013) results)



Conclusions

@ High precision computation of b-quark mass and pseudoscalar B-decay
constants with ETMC 2+1+1 gauge ensembles employing ratio method.

@ Ratio Method

- computationally cheap
- no need for explicit computation in effective theory

@ Accurate study of the systematics thanks to new variants of ratios
used in the present analysis.
(= Much reduced total uncertainty wrt ETMC Nf=2 (2013) results)

Thank_ you for your attention!
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N¢=2+1+1 MtmWilson + Iwasaki glue (+ tm/0OS)
[sea]

. _ _ a . .-
':F‘I'J' e ﬂ4 Z %IJF { J-}Jh!. v]!i. —I_ vl]u) - E-"}’STH J_'nlffcr - 5 Z v“v# _l_ Iu;‘} ?_I,'.!f(.'l:}
I .

': # . 1 a ® : i
“ =q Z 1".!'1(1 { 7 Tu vp. T ?'“) - r"”TSTl M, — 5 Z v#v,u T He T .IU':TTQ} %'-’.\'L(ﬂ:)
B .

e = (P ¥a)T = Untwisted mass tuned to its critical value M.,

i - { I\ 31 1
|_:| — |_]I;. I':I,. E‘ - E‘
Vh = (¥s, V) =» m, = Hp.sea — Z—PJF
P
Z
R P
) mc,s;sea - ("U’C’ == 7 "UJ‘%)
[valence] ’

- Zv Vi

swms_ﬁzzqf{ i (Vo + V) -

+ ,uf} q¢(x)

m f:u/d,s,h(c & heavier) m mf = p:f = i,u:,c
Zp
re = +1

o unitarity: match sea and val g-masses in terms of meson masses
o automatic O(a) improvement  [O(a2q) for mesons with rq = -rz]

Frezzotti & Rossi, hep-l1at/0306014, hep-lat/0311008, hep-lat/0407002
Baron et al. 1004.5284, 1005.2042, Carrasco et al. 1403.4504



0.082 fm 0.089 fm

0.062 fm

a-=

Simulation parameters

15 V/ at Aftsea = ajte | Nepg @ fLs aple — ajip
1.90 | 323 x 64 0.0030 150 | 0.0180, | 0.21256,0.25000,
0.0040 150 | 0.0220, | 0.29404, 0.34583,
0.0050 150 | 0.0260 | 0.40675, 0.47840,
0.56267, 0.66178,
0.77836, 0.91546
1.90 | 243 x 48 0.0040 150
0.0060 150
0.0080 150
0.0100 150
1.95 | 32% x 64 0.0025 150 | 0.0155, | 0.18705,0.22000,
0.0035 150 | 0.0190, | 0.25875, 0.30433,
0.0055 150 | 0.0225 | 0.35794, 0.42099,
0.0075 150 0.49515, 0.58237
0.68495, 0.80561
1.95 | 243 x 48 0.0085 150
2.10 | 483 x 96 0.0015 90 0.0123, | 0.14454,0.17000,
0.0020 90 0.0150, | 0.19995, 0.23517,
0.0030 90 0.0177 | 0.27659, 0.32531,

0.38262, 0.45001,
0.52928, 0.62252

3 | L(fm) | M,(MeV) | M,L
1.90 | 2.84 215 3.53
282 1.06
314 4.53
1.90 | 2.13 282 3.05
344 3.71
396 127
143 178
1.95 | 2.61 239 3.16
281 3.72
350 1.64
408 5.41
1.95 | 1.96 435 1.32
210 | 2.97 211 3.19
243 3.66
296 1.46

o measurements on 1:20 thermalised gauge conf + blocking

o error analysis: jackknife + bootstrap for fit cross correlations
o RCs from RI-MOM on separate Nf=4 ensembles




(L _1|.Ir|r|r

Correlators

o light & strange : one-end trick

o charm & heavier : gaussian smearing

1.30

T V/a* =323 x64 3 =195
125 | pn RS ~ 2
a gy = 0.0035
1.20 F
1.15 | 0 e
m E] _ Ll .:: I:1 . I._I l:. :; . ,:': e A
110 | E “D”“iﬂzé%?;.—.“
1 o | 1
1.05 Flocal source & sink o
GEVP analysis
1.00 Lu . .
] 10 15 20 25
t/a

on sink / source

a fh

(.12

(.11

(.10

(.09

(.05

- (LL, SL,LS, SS) -» GEVP

L 4 =1.95 local only
apiy = 0.0035 smeared + local
- K}
I r.r.luff“”” .
1 (0.2 0.3 0.4 0.5 (.6 0.7 (.=
€ty

fos = (111 + p12)

(0|P" |ps)

M ssinh(Ms )




b-mass computation

My, ’ Qnm — const
Qm = - ole pole)i—y) | = O
(Mhe ) [(Mes )1~ e M me)
y : parameter [0, 0.9] \ (HQET asymptotic condition)

no need to tune it.
used for better control of
O syst. discr. effects,
© ratio interpolation fit to b-mass

: (n) _ (n—1)
ratio (n)_ (n) (v=1) m,  =Am,
yo(m(™ X my, my, a) = AG—D Qm(f::; . myg, ms, a) ( p(f;’;,; ) ) (% — o ()
Qm(mh /)\:mfumsaa) p(mh /')\ﬂfu‘ )
\ (known to N3LO;
(extrapolate in CL + phys. light quark ) strong cancellations in ratios -

cuh % effect to final results)

mpy ~ 1.4m, mp ~ 3.5m¢

1.002 : : 1.004 : : : o :
- B=1.90 —a 3=190 —a
L B=195 —=— 1002 B=195 —a— ]
1.000 5 =210 —e— A 1.000 L g =210 —e— |
L CL - phys. point —e— 0.998 CL - phys. point —e—

0.998 [ _ _ /
. ‘o 0.996 4 1

(8)

(3)

- -, " T oo A
e :-_——éz;__::;iii_—_‘:%:::}:::;}t::::;:!;_——_ 0.992 Z_—:é:::f?—_.gr—_*—_:ﬁ:::;t—:*ﬁ -
0.994 | ] 0090 |

0.00 0.0l 002 003 004 0.00 0.0l 002 003  0.04
my [GeV] my [GeV]

[max. discr. effects ~ 1 %]



Ratios in the B-decay constants computation

th:th/th: q:€55

: 1
lim  Fhg (mP)3/2 = const.

mpl 00

(Fhs/fhg) = const.

pole

mh — 00

ratios

(HQET asymptotic conditions)

zs(mp, Xy mg, mg, a) = A

32 Fhs(mn, me,ms,a)  CEH (™, my/X) [p(ma, )P/
Fhs(mn/X, mg, ms,a)  CREH (™, mp)  [p(mp /X, p)]3/2

32 Fne(mn,me,a)  CP(p*, my/N)  [p(mn, p)]*/?

Fre(mu/ X, mg,a)  C3EH ™, my)  [p(ma/X, w)]3/2

zg(mp, A\;mp,a) = A

(3)

, 1.09 . .
1.040 e 5=190
B=195 st case| B=195 =
CL - phys. point —e— CL - phys. point —e—
1.030 " LO6 | |
L e
1.025 L R S - 1.04 | 1 I
. . ' : o 5 - -
1.03 ' r ! ]
1.020 | ]
1.02 .
1.015 : ' ' 1.01 : : - .
0.00 0.01 0.02 0.03 0.04 0.00 0.01 0.02 0.03 0.04
my [GeV] mye [GeV]

mp ~ 1.4mc

Lmax. discr. effects ~ 1-2 %]

mp ~ 3.5m¢




]:hs fhs/Mhs

Fne  foo/Mpg

LO05 e
: ST g =190 —a—
’rr'lgger'mc_[ pc?m‘r 3 =1.95
7 =210 —e—
L.O0O

(HM)ChPT Fit -
Lin. Fit ——

0.00 0.01 0.02 0.03 0.04
me (GeV)

Fhs/ Fhe o -
Rf = < For better control of the chiral fit (suppressed log contribution)
fse/fee
RO = a0 4 pMm, + pM? Fit ansatze: polinomial & SU(2) ChPT+HMChPT
@ _ ©® ) 3(1+38°) 5 2Bomy | 2Bome @) 2
RY = a1+ 67m + | F— ] Gty ((477{_0)2)} +DPa




C-:' 2

1,12
1.10 |

fas/ fg

(Combined continuum & chiral fits for ratios in the fps/fg computation)

3 =190
8 =195
8 =210

CL - phys. point

my (GeV)

1.03

1.02 |

=210 —e—

me (GeV)



Fhs fhs/Mhs
Fhe fre | Mg
1.02 |
1.01 |
~1.00

0.99 t

fas/ fg

interpolation in the b-region

/”TW

—1

my,

.......................................

0.0 01 02 03 04 05 06 07 038

1/my, (GeV™1

Fos fr
from the chain ratio procedure we get ( i )

multiplication with

Fou(d) Tk
Mg ‘expt;i latt . | st XfB
EBs T
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