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| Electroweak penguin decays

— Processes including b — s£¢ transition are sensitive to Neutral Current

New Physics (NP) contribution & g

> Suppressed in the SM (they can happen only via WS ; < c /
loop or boxes): small BR ~10-7 - 10-6 § \

> New physics mediators can enter in the loops and K J
modify the amplitudes New Physics

\b
= SM gauge interactions have the same amplitude for /
all the families: Lepton Flavour Universality (LFU) S

J
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Electroweak penguin decays

— Rare b decays can be described by an effective theory:
—» Effective coupling Neutral Current

o 4GF Z co Wilson Coefficients (WC) b /j
{

\_,) Local Operators Z

wS t

Al
o I
S, ,
& J A Broad charmonium N
o] \ resonances (above the
open charm threshold) s
Photon pole
Prog.Part.Nucl.Phys.02(2017)50 + enhancement (from Cy)

C9/C10

Sensitivity to
Cg and 01()
< >

CKM suppressed
i light-quark resonances
phases;h

Sensitive to C7;—Cly
interference suppression

_ﬂ/
0 5 10 15 20 i

< <
<« increasing hadronic recoil q2 [G evz] q2 — m2 ( f_l_ f_)

increasing dimuon mass = O 9, O 10 s
= NP can introduce new operators or modify the WCs depending

on Iits structure: Cl- = C,-SM T Cfvp _____'E
| 2
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https://arxiv.org/abs/1606.00916

| Electroweak penguin decays

= Large variety of observables available:
» Relative rates of b — su"u~ and b — se™e™, of the form

R B(B — K (%) ) SM EPJ C76 (2016) 8 440
% ,u ,U_ -
" — 14+ O(10
K B(B — K(®eter) ( )

% are clean: QCD uncertainties cancels out in the ratio

“ are predicted by the SM with very high precision
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| Electroweak penguin decays

= Large variety of observables available:

. _ _ S
» Relative rates of b — su"u~ and b — se"e”, of the form S
EPJ C76 (2016) 8 440

B(B — K®put =) SM .
<) — — 1 1 O 10
KO = BB S K@ete ) (1075) %

* are clean: QCD uncertainties cancels out in the ratio

“ are predicted by the SM with very high precision

» Angular distributions of the final state particles:

** Reduced form factor uncertainties

“* May be polluted by “charm loop” effects, hard to predict
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| Electroweak penguin decays

= Large variety of observables available:

. _ _ S
» Relative rates of b — su"u~ and b — se"e”, of the form S
EPJ C76 (2016) 8 440

B(B — K®put =) SM .
*) — — 1 1 O 10
KO = BB S K@ete ) (1075) %

* are clean: QCD uncertainties cancels out in the ratio

“ are predicted by the SM with very high precision

» Angular distributions of the final state particles:

** Reduced form factor uncertainties

“* May be polluted by “charm loop” effects, hard to predict

» Branching fractions:
% BY — u*tu~ very clean SM predictions ~ O(4%)  Maarten’s talk

“ B—-> K*u"u=,B, > ¢u*u~ .. Suffer the most from theory uncertainties |
ICHEP 2022 3
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b decays @ LHCb

= LHCb forward detector: 27% of b

LHCb detector in Runs 1-2 (2010'2918) hadrons produced from pp collision

ks Ve S TN inside acceptance (B*,B, BB, A,...)
SN PN L ¥| — Good trigger on displaced tracks
SN TN R A . |7 ‘| especially for di-muons channel
\ CAN, 1 HICH2 R LERCAT T (~ 90 % efficiency)
— A, 2 — Good PID performances from RICH
r \ — "N Velo .
) = A 1,2 , CALO and Muon Stations
- i g = # > ElectronID ~90% for ~5% h — e
el % |- » KaonID ~95% for ~5% n— K
) > MuonID ~97% for ~1—-=3% n—> u
ol R + Excellent tracking performances
,‘h . 270000 Standard reconstruction ( ~ 96 % effiCiency)
' > ot > Ap/p=0.5(1.0)% at low(high)
%:ﬁﬁﬁﬁ momentum

> |mpact parameter resolution: (15 +29/

o 10000
0= — el F51_[(E;€3\v/] ) Ler1
2800 3000 3200 3400
JINST 10 P02007 airXiv:2008.11556 M, [MeV/c?]
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http://iopscience.iop.org/1748-0221/10/02/P02007
https://arxiv.org/abs/2008.11556

See Sebastian’s talk

[LFU ratio status

BF(B = Xu™u™) BF(B — XJ/y( = eTe))
BF(B — XJIy( — utu-)) BF(B — Xete)

— %k
uni 3fb-12)__ JHEP 08 (2017) 055 X =K,K% Ay A —

— Relative rates are measured as double ratios: Ry =

S LHCb thfl9ﬂ'f' |

. 0.667011 +0.03  for 0.045 < g% < 1.1 GeV? 2 Z o E
K*O p— ) Wy AP (Y BO9 Kg0€+€' B
0.69700; £0.05 for1.1 < g < 6.0 GeV? 4 Comb. Back. 3
— — . o % 15 WB - K)ntn _
T = | o sy k!
/un1 + 2016 4.7f J 05 (2020) 040 >7 2 1of " @@ Pat Reco. K 3
st E

0E ; . . A \ 6(‘)00

Runi+2 9fb- T Nat.Phys.18, 277-282 (2022)

R = 0.8467 39 (stat) o o1 (syst)

LHCb § Data9 b’
— Total

Comb. Back.

B> K 't

BB - Jy(ete) K™
B Part. Reco. K

Ryo = 0.66 020 (stat.) "o (syst.),

Ry = 0.70 7315 (stat.) 00 (syst.)

Rund 42 OfbTy PRL 128 (2022) 191802

20E

k lOE—

.
.
-
.'..
-

5000 5500 6000

= Near future: (KO ee ) [MeV/e]
» Update of R x and combined Rg — Rg+ analysis with the full dataset

> Ratio measurements with many more decay channels: R, Rg,, . .. |
5
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https://doi.org/10.48550/arXiv.2110.09501
https://doi.org/10.1038/s41567-021-01478-8
https://arxiv.org/pdf/1912.08139.pdf
https://arxiv.org/abs/1705.05802

described by Q = (6,, O, ¢)

Angular distributions: K*u™u~

- The coefficients Fy, Agg, S; are related to WCs

— New basis of P; operator to reduce form factors uncertainties:

— The angular distributions of the B — K*u*u™ decay is

- QObservables are extracted from a multldlmensmnal fits in the angles, WL(Kﬂ') m(Kruu)

WS | S L L L
a LHCb Run 1 + 2016 =
ﬂ SM from DHMV :
T 3
of BHSC 2 2 -
~0.5f = z 7
- S - = —t—
| T T e T B
0 5 — 10 15
PRL 125 (2020) 011802 ( 3.3 q* [GeV?/c4]
Sara Celani qg> =m> (£

Candidates / 0.1

Candidates / 11 MeV/c?

- 4.0<q2<6.0GeVch

i

10

-1 —0.5 0 0.5

40 LHCb 2016

CcoSs 91
| ! ! ! | ! ! ! | '
80 LHCb 2016 _
_ 40< q2<6.0GeV¥/c* A
60F
40f
20f

5200 5400 5600

m(K*utu) [MeV/c?]

Candidates / 0.1

Candidates / 10 MeV/c?

1
S

Candidates / 0.3

30

20

10

LHCb 2016

4.0 < ¢? < 6.0 GeV?/c*

6ol LHCb2016
N 4.0< ¢? < 6.0 GeV¥/ct ]

ok :

20l + _

OF " - - T T T T T T =
- LHCb 2016

[ 4.0<¢2<6.0GeV/ct

300 850 900 950
m(K*m) [MeV/c?]


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.011802

| Angular distributions: K™ Tutu~, ¢putu~

316

N D PRL 126 (2021) 161802
. K i _
- Recent angular analysis of BT — K +,u+,u showed b Ifgﬁagfb-l -
. . . . | ;L/I_._' SM from DHMV
te0n5|on Lr(; the SM consistent with that found in — s i 70 Vi fom ASTB. -
B - K lu+lu— 1 :
2 o 17 | :
— Angular observables are also studied for BY — ¢pu*p~ ot owmm || T
> Not all observable accessible (flavour symmetric \ PR T -
final state) AN N | -

4 0 D 10 215 -

> Results found to be compatible with SM predictions | JHEP11(2021)022 7 [GeVT/c]

- : — | . 7

~ 09 —$— LHCb 8.4fb™! E

= Near future: 0.8 1~ LHCb 3fb™! :
0.7 ¥ T+_- SM (LCSR+Lattice) 3

— . _ 0.6 —

» Update of B — K*u*u~ with the full 9 fb~! dataset 0s :

0.4 —

» Angular analysis with electrons: BY - K*eTe™, 03 :F #

+ + ,+,— 0.2 T

BT — K'e"e 0.1 Jy o y@s) =

O ! | 1 I 1 !
>N . . . . - T

Direct fits to WCs via amplitude analysis 2 [GeVilch

Sara Celani ICHEP 2022 /


https://arxiv.org/pdf/2012.13241.pdf
https://link.springer.com/article/10.1007/JHEP11(2021)043

Differential branching fractions

- b — suu BF are measured to be consistently lower than the SM prediction

> |Large hadronic form factors uncertainties (20-30%)
JHEP 06 (2014) 133

o
-

BN CSR Lattice —&Data BN|.CSR Lattice —e—Data BN .CSR Lattice —e—Data

> B*>K'uuw 1 % B* K™ uuw ] % B’— Ky
< LHCb 4 9 15 LHCb 4 © LHCb
0 1 % 1 0
X X 1 _ 1 X
S N - -+- i -
. “F + — ; —
N - o 5+ — o
S F ) 4+ X -] T
mo:....l....l........I..- m0....1....1....1...1.. m | P P RS BT E EP
= % 5 10 15 20 = %% 5 10 15 20 o 10 5 20
g2 [GeV?/c?] ¢ [GeV?/c* ¢ [GeVZ/c4]
o L S B - (\',—'015I><10—6 —7f1 11
:;b 1.6 4 2 i LHCb
S 14 1 9 0 * 0,4+~
Ca 11335
3 08 13
ot 1 0.05F 3
T 04 = I ——
< - I
JHEP 06 (2015) 115  § 02 LHCb - l JHEP 04 (2017) 142
I _ - ol ] |

15 . | 20 0 5 10
g* [GeV?#/ c?]
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https://link.springer.com/article/10.1007/JHEP04(2017)142
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://link.springer.com/article/10.1007/JHEP06(2015)115

Differential branching fractions: BY — ¢u*tu~

— f PRL 127 (2021) 151801

: : 0 +, - x 107
- Recent update of differential BF(B;, — ¢( — KK)u™ ™) S WwE e -y TeNT
N - 1
Relati BO / Y :- LHCb3fb"
> Relative to B, = J/y¢ > 12} SM (LCSR+Lattice)
@, :
. . : 10 ¢ SM (LCSR)
> Main systematics S oM (Lattice) |
. . . . = S Iy w(S) E
% Model of the simulation sample (depending on Al § 6 _ -
and form factors) S LB | e S
sat LD 5
% Normalisation BF 2% 2F T E
N’ r . . . | . . | | . | . . -
> In 1 1 < g* < 6. GeV, 3.60 below the SM S % 3 10 15
9) 27 .4
~ 500 ET T ~ T —————r— 3 q[GeV/C]
%.; :ig J i:lottal LngE_b %a zg E_| m(K"K pr ) — mpo | < 50MeV LngE_t; _g
S o || ot | e ok — First observation of
g —.— other BY — K*K u*u- = S0F 3
R I A R i of | By — f5(1525)u*u~ (o)
5 ol A B oKTuur g s0f TF nE.
g wof Ak + by E S D L T : :
S A N o T B R e i G = Consistent with SM
05300 5400 5500 5600 5700 300 1a00 1500 1600 1700
m(K*K u* 1) [MeV/c?] m(K*K") [MeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801

| Bod —> ,l/t+//t_(}/) See Maarten’s talk

3,

PRL 128 (2021) 041801

x 7

= Helicity suppressed, very rare decays ;‘:40; " lHee | o
. . e 5 1 9 fb-! — -
- Precise SM predictions > hl; worsos L
SM & e E
BF(B? — u*u™) = (3.66 £0.14) x 107 PN o,
= _ ‘ NS < D B(')’miﬂ :i’,‘#w __
< SM _ _—g [, : Bi—JIyuty, i
BF(B® = utu™) 2 (1.03 £ 0.05) x 101 2 of ~+,~%+ s
- Sensitive to axial-vector coupling C Y T . .1 _
5000 ss00 6000
— — m, . _ [MeV/c?]
B(B — ptu~) = (3.097046+0.15) 5 109, L et
0 + . —10 = LHCb -
B(B° - utu~) <2.3(2.6) x 1079, - e :

0.55<BDT <100 -

BB - utuy) <1.5(2.0) x 1072 < |Firstlimit
. with m,, > 4.9 GeV/c*.

* Data

— Effective lifetime fit -

Yield / (0.88 ps)

DB~ O\ OO
|

— B lifetime is sensitive to NP

S

10

Consistent with the SM at 1.5¢6 Decay time [ps] |
10
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801

Searches: B,

+,,— - ,
—> U'U UU See Maarten’s talk

JHEP 03 (2022) 109

7

~ b
R FLHG ol 5
o o > E  _RY_s et _:
— Helicity suppressed 2 L f0e0=BDT<100 Lo Combinatanial 3
BF(B® = ptyu—u*u™) = (0.9 — 1.0) x 10710 ! iR 3y :
s,d —»—Lp— o | =
BF(B® — utu—utu™) = (0.4 —4.0)x 10712 W o g 2 :
u,c,ty o 1}‘*‘ ‘ ‘ 4~
W g O B ‘ -
o .
- Strategy: ’ S 75000 5500 6000
+y—11t11— 2
> Six Signal modes: non resonant, @95% CL mp ) [IMeVierl

(m, =1 GeV), resonantb — ¢ B(B'— pp ptp
» B — J/y( - uu)¢( — up) as normalisation channel LB (B = phrp~ptp” _
B (B2—> a (;ﬁu‘) a (,u+,u_)) <58 x 10710

> Negligible background from misiD

> Main systematic from simulation model (no
theoretical description of the decay’s dynamic)

> No signal observed, most stringent limits up to date!
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https://link.springer.com/article/10.1007/JHEP03(2022)109

Searches: B 0 —> ¢ u T J2i - JHEP 05 (2022) 67

R < 4.4x107° at a 90% (CL)

» Measure the ratio R = BF(B — ¢uu)/BF(BY — ¢uu) ‘-\
First limit

— BF ~ 0(1071), sensitive to new mediators

> BS — J/y@ employed for BDT training and mass modelling

» No signal observed

B, — Jlyg B, — ¢uu
@ | I | I I | I | I I I I I (\/]\ E I I I I I I I 1 I I I I I I I I I I I I IE
S 10 S [ LHCb -
5 103 o 10E eft! E
2 2 - * $ % ' -
- 0 | -t ’
SR 2 10 g~ t E
< ) - 5714 N[t {.z
Ny ~ et etseeses e sessssns e e Comb .. J’ |
o 10 7 1 & T """"“"l
(D) Q — | ‘
N N — " T
S < = MR N
= 1 = 0 N
= T 107 B ¢ Noel T
= = 107 B” — dup e o | TN
S 10" S F SN TR T
. -2 [ f__-.-----"""rq ................... .'"'.
) \ . 10 S e KR " : IR RE:
10 Part-reco *, = Ay = pKpp =\ Part-raco ' :
L ) | I | . h L |

I \ —
1073

5100 5200 5300 5400 5500 5100 5200 5300 5400 5500 \
m(KK uu) [MeV/c?] m(KK uu) [MeV/c?] |
12
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https://link.springer.com/article/10.1007/JHEP05(2022)067

Conclusion & outlook

= Electroweak penguin decays are ideal probes for New Physics
= LHCb intensively studied these processes over the years

> Several measurements to be updated with the full dataset o .
educe statistical +

= Run3 is starting! / dat;c(l;::aninrzg:as
> -3 times Runl+2 dataset collected in 3 years

» LHCb detector undergoing staged upgrades

Reduce background from

“* Replaced vertex, tracking detectors: Better vertex resolution
/ charged and neutral tracks

< Removed hardware trigger: Better efficiency Electron modes more
accessible

4
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Thank you
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Backup
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The flavour puzzle () (e

NS e
$42114p2 22104 -

gSM — ggauge(l//i’ ) T gHiggS(Wi’ ’ H)

3
_ _ 2 — _
ggauge — 2 4g2 (F,m/) T Z l//le/l//z gHiggS o °CZH T gYukawa
“ ’ =1 Only Yukawa interaction distinguishes the families

. . . 0,V *d*H + he. — d' M.* dp* + ..
3 identical replica (i = 1,2,3) of the same Quark 2t 'p 9K © % Yo R
family differing only in mass sector: O,/ Y, ugt H_ + he. — i M,* ugh + ..
Gauge interactions have the same Onlv one mass matrix at fime can |
amplitude for all the families: Lepton be diagonalised (for gauge My = diag(m,,m,,m,)
Flavour Universality (LFU) flavour invariance) My = V" X diag(m,,m_,m,)

Flavour is conserved: stringent limits on u

Lepton Flavour Violating (LFV) decays V_CKM appears in charged-

current gauge interaction
(mixing u and d)

= Why 3 generations?

= What is the origin of their different | /- W
mass? d
.= .\Mhat is the origin of the hierarchy in quark-mixing? ——L +




= New Vertex Detector
= Pixel silicon detector

= Trigger-less readout

Side View Ecap HCAL s M - Software HLT on GPU
M3

SciFi ~ RICH2 V> = New tracking stations:

Tracker e

= Scintillating Fibers (SciFi)
and Silicon micro-strips
(UT)

. = RICH: New PMTs + new
.............. " eleCtrOmCS

=l B
Vertex *
Locator |

oooooooooooooooo

= Calorimeters

= PMT gain reduced by a
factor 5, FEE redeveloped

.....

= Muon system

= FEE redeveloped |
ICHEP 2022
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[LFU ratios: Electron vs Muon

See Sebastian’s talk

- Relative rates are measured as double ratios Nat.Phys. 18, 277-282 (2022)
&, 600 F LHCb
R N B X~ N BoX(ly—ere)  EB=XUN—ptu) €B—Xete- ESOOE— R
X — ' ' ‘ ] o Bt Kt
N B XUyt u-) N B Xete- €B—Xu+u- EB-X(/y—seres) <P Combinatoria
L 300
X =K K*A,... =
?2 200 |
63 100 E- Ud/i%ﬁJZﬂﬂ ~ :3255()
- Jly — ¢ satisfies lepton universality at 0.4% precision (PDG) bt}
. . 5200 5300 5400 5500 5600
= Reduced systematics due to leptons reconstruction m(K ) [MeV/c?]
differences: kAL D o0 LHCb
Tracking % 200 ‘5.“ by —4— Data 9 fb
. 180 EX % — Total fit
> Most electrons emit Tracking ~ + §160 ++ +J,:,,.-__: ______ o o
bremsstrahlung photons N , < 40BN Bl 3 J/y(e'e)K
| | % 120 B Part. Reco.
g 100§ Combinatorial
> Electrons has worse p - S MF P a0
. Eo ~Y
resolution Vertex 5 0F B—Kee
b o | RELET T . T e e b Ts? Bl

i | L ] L L - "’
5000 5500 6000
m(K ete™) [MeV/c?]

|

» Electrons has lower trigger,
PID and tracking efficiencies
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https://doi.org/10.1038/s41567-021-01478-8
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Cross-checks: 7, and R,

BT — K*J/w(fS)(EW_)

BY — K+(28)(£+07)

- Extensive use of and B - X (w(2S) — £%¢7) T
to check that efficiencies are under control I |
Bt — K0t
. BB — XJh) (= ptp=))SM /J k/v\
> Check: Ty = - =1 [0.4% precision (PDG)] 2 2
BB—=XJi(—eTe)) iy =
— 0.30r — T
S b)) LHCb = [ LHCDb
E 0.25} \\? simulation g LT
£ 0.20F k‘\\%{wk\ 16 = +
S _ m .-\‘\\\ \\\ B — Kee 1-_ .............. ++ ....................................... + +—+— ........
+ absence of trends on any 0.1} \\\\\“\\:&\v | _ &5 &8
kinematics variables oror NN e ‘H' -
0.052— 0.9:_
0.00* I4}OHH4{5 5.0 | 5.5 _112I3I4I5I6|7lsl9110111I12|13114115116
log (max(p(I™), p(I))) max(p(I*)), p(IN) x a(l*, ") bin number
B B N X 2S N B B N X J/ - ee SM arXiv:2103.11769
> Check: R,5 = ( (p(23) = pp)) B Uy = e€)) STs | 19 precision (PDG)]

BB — X(J/y— uu)) BB — X (2S) — ee))

Validation of the double ratio procedure (effective cancelation of syst uncertainties) |
' ICHEP 2022 N
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https://arxiv.org/abs/2103.11769

| B — K *u™p~ angular distributions

3
= 39 Z(l — F1) sin® O + F1, cos” Ok

1
=|= Z(l — FL) sin? O cos 20;
— FY, cos? Ok cos 20; + S5 sin® O sin? 6; cos 20
+ S4 sin 20k sin 260; cos ¢ + S5 sin 20 i sin 6; cos ¢

—+ gAFB sin? O cos 0; + S7sin 20 sin 6; sin ¢

+ Sg sin 20k sin 26; sin ¢ + Sg sin® O sin® ; sin 2¢
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Bbg)d — Iu +Iu _(}/) See Maarten’s talk i PRL 128 (2021) 041801 "

10)

— Helicity suppressed, very rare decays BF ~ 0(107°,10~
— Precise SM predictions ~ 0(4%)

’
- Sensitive to axial-vector coupling C ;340_  laee | o :
- Strategy: Eﬁo:* D105 E§ _
» Two opposite charged tracks from a displaced vertex gzo__ \ - E”’ _
» BDT vs combinatorial, stringent PID vs y < K, 7 misID ?; ’ _+ . :W _
» Yields normalised to B - K™z~ and B* — J/yK* ’ OjL M L,
g 0.7 ><10t‘9 correspond to 68"0-/?,_?_5%:.99?% CL regions 'LH'Cb' _ 5000 5500 Y [Mewg{;@o
L B(BY — ptu™) = (3.090457047) x 1077,
Tosk 7 N B(B® - ptu~) < 2.3(2.6) x 1071°,

0.3
0.2

_ — B(Bg - utuy) < 1.5(2.0) x 1077 < First limit
0.1~

- ik - with m,, > 4.9 GeV/c. ;
. RVAN -, S X10_9 ' |
. 6
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801
https://agenda.infn.it/event/28874/contributions/169330/

| B 2 — u"u~ Effective Lifetime

PRL 128 (2021) 041801

x 7

I L] L] L] I

— The B! lifetime is sensitive to NP < 25F], LHCb » Dan
> - 9 fb! — Total .
] ] Y 20F <BDT <100 — BoHw =
TBO 1 —|— ZAZI'{,, Vg —|— Vs > E 0.55<BDT<1.00 | Combinatorial -
T,u"',u_ — > 5 ;'u : 15_'I E
l—ys | 1+AxrYs < ol :
o S sH. E
> AAFS = | for the SM ks OE : :
+ BY — uu only from heavy mass eigenstate % 5400 5600 5800 6000
S . . O mﬂ*ﬂ_ [MGV/Czd
* Access to the CP structure of the interaction . A
A, -
= Strategy: 0 ]559 b :
» Dataset split into two BDT bins S oS BDESL
* Data
v-O —_—
» Fit to background-subtracted T distribution via O — Effective lifetime fit -
the sPlot technique > B

d - 5 - 10 o ,
Consistent with the SM at 1.5¢ Decay time [ps] |
11
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801

| BS — u"u~ Effective Lifetime

— Oscillations between flavour eigenstates BY, B?
- Two mass eigenstates By, By
- For SM BS — ,u+,u_ only from heavy eigenstates
— Az’li sensitive to scalar or pseudo scalar NP

CO, O Wes

contribution: C1(8’

g0 [1+2A% ys + 5
o l_y% i 1+A;X{"Sys

ys = AL,/(2T,) AL = -2R(4)/(1 + |A]%),

withA=(q/p)(A(BY—»utp™)/A(BS—»pp)).
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Aar = — =3 |
Ry + Ry,

b W:t S

it -
B ucth Yoct B
S AVAVAVA\ I

S w* b

b TR )

- - g
B0 W w> B
— >




