(Re)interpretation of the LHC results for new physics
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Testing the Standard Model and beyond with B — PP decays
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Motivation and general idea
°

B — Kr puzzle
SBNCBJ

Newest LHCb results:

BT — KTx9 - Phys. Rev. Lett. 126(9), 091802 (2021)
B — K+tn— - JHEP 03, 075 (2021)

World average:

AAcp(Km) = Acp(BT = KT7%) — Aep(B® - KTn7) =0.114 £ 0.014
AAcp(Km) =0 isospin symmetry
AAcp(K7) = (0.0187393)) QCD factorisation



https://arxiv.org/pdf/2012.12789.pdf
https://arxiv.org/pdf/2012.05319.pdf

Diagrammatic approach
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Diagrammatic approach
0®000

Operator product expansion

BorK —b—s AU=AC=0 (PQ)va = Pr*(1 £75)9 s

= (boay) v—a(yss) v—a,
(ba)y_a(@s)v_a;

_ }Current—current operators(tree operators)
3 = (bs) v AZ(QQ V—As

Qr
Q?

Qu = (busy)voa p_(Gyd)v—as
q

. Gluonic-penguin operators
Qs = (bs)v_a P (A v+a

q

Qs = (Ersy) V—A Z(§UQI) V4+A;

q

3 -

Qr = 5 (bs)v—a > (@D va,
q

3 _
@s = 5(bwsy)V—A Z(eqquz)VJrAv

5 ! Electroweak-penguin operators
Qo Egb = AZ%QQV 4

3 _
Qio = i(bzsy)va D (eq@ya:)v-a;

P 6



Diagrammatic approach
0000

Parameterisation

KBNCBJ
T =X ARY(T — Pru+ € — PAw),

C =N ARY(C + Pru — £+ PAw),
P =) A(P, — Po),
X _r
rx = P e.g.rr = P

V2ABT - m%2T)=—-P [e”(rrp +re) + e Bg(rp + rC)] ,
AB° - 7= at) = P(1 — rpe?)
V2A(B® = 7970) = P(1 + rge’ + e B g(re + r¢))

T+C

PEw+PEW’



Dial
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matic approach

B — Km
ABY —» 2t KO = — P [1 + e — %acqc"“c""b(r’T + ré,)] KBNCBJ
V2A(BT = xOKkT) =P’ [1 +rpeeY — {e” - (1 - %ac) qe"“e""’} (rp + rlc)]
ABy »n KTy =P [1 +rpe e + ;a(;qeiweid)(r/T +rp) — TTJW]

) 2 L )
\/§A(32 — WOKO) =-pP [1 +rpee’” — (1 — ga(;) qe“"’eld)('r'fr + 7/C) + rlcew]

S _NA
P = 7(7’t - P.)
eifc A2R P — Pl — A L
o— pb;/ = <1 A’;) [ ip/ ’“Pl ] BT 5 KK . p.=0.034£0.01, 6, =(2.6+4.6)°
- t— ¢
75;2(]

_ _ (Piw+Piy
T 4 C*

In SM: qei¢eiw =
2)2R,;

-3 [Cs(u) + Cio(n)

R, = (0.64 £ 0.05)R
cl(u>+02(u>} el A

Ry =1+ 0.05 -compensates for possible SU(3) violation



Diagrammatic approach
00000

B — Km
ABY —» 2t KO = — P [1 + e — %acqc"“c""b(r’T + ré,)] KBNCBJ
V2A(BT = xOKkT) =P’ [1 +rpeeY — {e” - (1 - %ac) qe"“e""’} (rp + rlc)]
ABy »n KTy =P [1 +rpe e + ;a(;qeiweid)(r/T +rp) — TTJW]

) 2 L )
\/§A(32 — WOKO) =-pP [1 +rpee’” — (1 — ga(;) qe“"’eld)('r'fr + 7/C) + rlcew]

p = >\37A<7JI _ ,P/)
- \/E t c
i 2 I Dl _ogq!
T = pee _ (AR Pi—Py—A BT 5 KK . p.=0.034£0.01, 6, =(2.6+4.6)°
’ P’ 1— A2 P, — P!
o= PEW Isospin relation
T Phw + PEy V2A(BT = K% + A(Bt > Ktrn) =

V2A(BY — Kt7°%) + A(B® - K%z ™)

qei‘beiu _ 751’?“’ + 751/2%
T 4 ¢
-3 [Cs(u) + Cio(n)

In SM: qei¢eiw =
222Rp | C1(u) + C2(w)

] Ry = (0.64 £ 0.05)R,

Ry =1+ 0.05 -compensates for possible SU(3) violation



Diagrammatic approach
0000@

U-spin relation

Connection between amplitudes describing B — nm and B — K decays §BNCBY

B—ar-b—d < B— Krn-b— s()

T+ C'| | (p+ )P
T+ C e(re+r¢)P
Ry =12+0.2 safeestimate

€ = 125 = 0.0535 + 0.0002

=1.214+0.015 QCDF

Rryc= ‘

arg(rlp) — arg(rr) = 0+£20° arg(ry) — arg(rg) = 04 20°

same as arxiv:1806.08783 R. Fleischer et al.


https://arxiv.org/pdf/1806.08783.pdf

OPE and the NP phase ¢ in the SM
.

Effective Hamiltonian - ¢y = 0

KBNCBJ
[Matthias Neubert and Jonathan L. Rosner]

10

G
ZZ D GOWQF Q) + Ay CiQi| +he,
V2 i=1,2 i=3

)\a: V;bvas )\u“l’)\c“l’)\t:O

Hefr =

C7, Cs < Cy, Cig + Fierzidentity = Q9 1=1 ~ Q¥ — Q¢ Q=1 ~ Q¥ — Q4

When the operators are linearly dependent the weak phase between them ¢ g = 0 )
The weak interaction can break SU(3) but this reasoning there is a strong constrain on the weak phase of qe'(¢+w) in

the SM.
10


http://arxiv.org/abs/hep-ph/9808493v2

SU(3) group decomposition
°0

ge™ in SU(3) decomposition
[Michael Gronau, Dan Pirjol, Tung-Mow Yan
KBNCBY

Operators: ;G392 =~ (bq1)(d5g3) form a SU(3) group that can be decomposed into:

3®3®3=30306015

J\(s) V10

AT = 7w KH) £ V2AT(BY 5 aOK0) = T/ + O = XD T2 (01 4 o) (@7 T5 1 13)

11


https://arxiv.org/abs/hep-ph/9810482v1

SU(3) group decomposition
°0

ge™ in SU(3) decomposition
[Michael Gronau, Dan Pirjol, Tung-Mow Yan .
SBNCBY
Operators: ;G392 =~ (bq1)(d5g3) form a SU(3) group that can be decomposed into:

3®3®3=30306015

J\(s) V10

AT = 7w KH) £ V2AT(BY 5 aOK0) = T/ + O = XD T2 (01 4 o) (@7 T5 1 13)

9 [5 —
PEW(BT = 7t KO) 4+ V2PEW(BY 5 20K ) = P g + P’ Gy = —A >\/g(C9 + C10)(27|[T57=1]13)

11


https://arxiv.org/abs/hep-ph/9810482v1

SU(3) group decomposition
°0

ge™ in SU(3) decomposition

[Michael Gronau, Dan Pirjol, Tung-Mow Yan .
SBNCBY

Operators: ;G392 =~ (bq1)(d5g3) form a SU(3) group that can be decomposed into:

3®3®3=30306015

J\(s) V10

AT = 7w KH) £ V2AT(BY 5 aOK0) = T/ + O = XD T2 (01 4 o) (@7 T5 1 13)

9 [5 —
PEW(BT = 7t KO) 4+ V2PEW(BY 5 20K ) = P g + P’ Gy = —A >\/g(C9 + C10)(27|[T57=1]13)

Combining the two:

()
3N Cy+ Cho
P’ ,P/C s 7

B B 2 )\Q(f) CL + Cy

(T"+C")

11


https://arxiv.org/abs/hep-ph/9810482v1

SU(3) group decomposition
°0

ge™ in SU(3) decomposition

[Michael Gronau, Dan Pirjol, Tung-Mow Yan .
SBNCBY

Operators: ;G392 =~ (bq1)(d5g3) form a SU(3) group that can be decomposed into:

3®3®3=30306015

J\(s) V10

AT = 7w KH) £ V2AT(BY 5 aOK0) = T/ + O = XD T2 (01 4 o) (@7 T5 1 13)

9 [5 —
PEW(BT = 7t KO) 4+ V2PEW(BY 5 20K ) = P g + P’ Gy = —A >\/g(C9 + C10)(27|[T57=1]13)

Combining the two:

()
3N Cy+ Cho
P’ ,P/C s 7

B B 2 )\Q(f) CL + Cy

(T"+C")

o -3 [cC c
inSM: geideiw = ——> [Col) + Cro(r) R, = (0.64 & 0.05)R,

2A2R;, | Ci(p) + Ca(p)
In SU(3) limit: w =0

11


https://arxiv.org/abs/hep-ph/9810482v1

3) group decomposition

PE‘W and PSW

by = A( 2 (o — Cro)(llell®) ENCBY

by =201 5 (Co + C10)(81115]13)

bs AES)Ewg + C10)(27|(15|3)

()
/ e 5 3>‘ Co + C1o i / ’
Pew = b = ’@’5 " ot (IO S e e

o Lfs, 33, 3 [z,
W= o5 T2V st T 25
(s)
3 Al Co—C Co + C
_ 3N e”(— 9 10 0 oy 4 o + 10(T’+C'))
4)\,(f) C1— C2 C1 + Ca
PSy = —qet®c P’EW = —qel® T’
V5
PEW+P§W:—7b5 = AZR, | | g e=P) (7’ +C)
ub

Exchange and annihilation diagrams neglected.

12



3) group decomposition

PE‘W and PSW

by = A2 ~(Co — Cro)(8ll6l13)

SBNCBY

by =201 5 (Co + C10)(81115]13)

bs AES)Ewg + C10)(27|(15|3)

()
/ e 5 3>‘ Co + C1o i / ’
Pew = b = ’@’5 " ot (IO S e e

po _ 13 3 [s, 82
EW T o5l T oY T 25
(s)
3N Co— C Co + C
_ 3N e”(— 9 10 0 oy 4 o + 10(T’+C'))
N Cp — Cy C1+ Co
PGy = —qe®c P’EW = —qel® T’
V5
PEW“’PFC,‘W:_?bS:)\ Ry, q(,z(o B)(T +C)
ub

Exchange and annihilation diagrams neglected.
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3) group decomposition

PE‘W and PSW

by = A( 2 (o — Cro)(llell®) ENCBY

by =201 5 (Co + C10)(81115]13)

model-dependent

bs AES)Ewg + C10)(27|(15|3)

()
/ e 5 3>‘ Co + C1o i / ’
Pew = b = ’@’5 " ot (IO S e e

po _ 13 3 [s, 82
EW T o5l T oY T 25
(s)
3N Co— C Co + C
_ 3N e”(— 9 10 0 oy 4 o + 10(T’+C'))
N Cp — Cy C1+ Co
PGy = —qe®c P’EW = —qel® T’
V5
PEW“’PFC,‘W:_?bS:)\ Ry, q(,z(o B)(T +C)
ub

Exchange and annihilation diagrams neglected.
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Fitting procedure

KBNCBJ

Observables: Gof)Tlinf) _ [AP—|AP
. . _ —=f)-TGE—=f) _ -
CP asymmetries direct Agp = T HiT(=) — [APEIAl

and time-dependent Sgp: A(t) = Agp cos pgt + Scpsin gt
L(i—=f)4+TG—f) _ A2+ A2
2 - 2

Branching fraction B =

13



Fitting procedure

KBNCBJ

Observables: Gof)Tlinf) _ [AP—|AP
. . _ —=f)-TGE—=f) _ -
CP asymmetries direct Agp = T HiT(=) — [APEIAl

and time-dependent Sgp: A(t) = Agp cos pgt + Scpsin gt
L(i—=f)4+TG—f) _ A2+ A2
2 - 2

Branching fraction B =

X%
expy _  atheoryy y2
asymmetries x? = 3, ((ACP)(ZUE(Sgp )i)
ratios of BF X2 _ Zij(fop _ theory)covi;l(R;?xp N R;heory)

=5
R—B;

13



fits
©0000

Fitting procedure

KBNCBJ
Observables: (oh)-T(inf)  AP—IAP
. : _ Ii—=f)-T(i—=f) —
CP asymmetries direct Agp = TN i) — [AETIAR
and time-dependent Sgp: A(t) = Agp cos pgt + Scpsin gt
Branching fraction B = F(g_”?);rr(i_”c) = WQ;F'A'Q

parameters
(including
2.

q and ¢)

expy _  atheoryy y2
asymmetries y? =", ((ACP)(ZUE(SgP )i)
ratios of BF X2 _ Zij(fop _ theory)covl_;l(R;xp N R;heory)
R=5

=B,

13



Experimental data
PDG world averages. Mainly BaBar, BELLE(2) and LHCb.

: SBNCBJ
Observable | experimental value source Observable | experimental value source
AT 0.314 + 0.030 PDG22 ATTK” —0.0837 4 0.0032 | PDG22, BELLE 2 CONF (20U21)
AT 0.01 + 0.04 PDG22, BELLE 2 CONF (2022) A”D —0.017 £ 0.016 PDG22, BELLE 2 CONF (2021)
AT 0.33 +0.22 PDG22 AR 0.030 + 0.013 PDG22, BELLE 2 CONF (2022)
Pk Z0.670 + 0.030 PDG22 A”(L])Kz —0.054+0.121 | PDG22, BELLE 2 CONF (2022)
BrTn (5.16 £ 0.19)10 ° | PDG22, BELLE 2 CONF (2021 g7 K 0.58 +0.17 PDG22
B(nT70) (5.6 £0.4)10°° | PDG22, BELLE 2 CONF (2022) B(rTK~) | (1.94+0.05)10 > | PDG22, BELLE 2 CONF (2021)
B("7%) | (1.48£0.24)10 © | PDG22, BELLE 2 CONF (2021) B(rTKY) | (2.35+£0.08)10 ° | PDG22, BELLE 2 CONF (2021)
B(r"KT) | (1.32£0.05)10—° | PDG22, BELLE 2 CONF (2022)
0 10 3 —6
e _ My B/ Mo, /M) [ (B4 -5 n+9)] 7o B(x°K%) | (10.0%0.5)10 PDG22, BELLE 2 CONF (2022)
MBS @(myo/Mpt, mn/Mpy) B(Bo‘)ﬂﬂrﬂf) Tp+ R— BFCUH‘(Bg *)ﬂ.fKJr)
0x0 _ <I>(m,(/MBg, ”LW/MB‘;) B(BY — n°x) = | BFeorr(B+ — w+ K9)
T T ®(mgo/Mpy, myo /Mpg) | B(BG — wtm) R BF"’”(B+ — 7’K™T)
a(x, v) =l (X + V)L - (X )] o LBEeBY S )
s = 1— + 1— —
( R = BF“"(By » 7 KT)
= | BFeorr(BY — mOKDO)
R BFCOTT( — atn®
BFcorr(B+ — TrUK+

14


https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2209.05154.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6

BELLE 2 Update

KBNCBJ

Observable | PDG2022+BELLE 2(2022) | PDG 2022+BELLE 2(2023)
B(w9KO) 10.00 + 0.48 9.96 + 0.44
A(m°K°) —0.05 £+ 0.12 —0.005 + 0.092
S(n°K?) 0.58 + 0.17 0.64 + 0.14

15



fits
[e]e]e] o]
fits with/without BELLE2023 update on B® — 7°K?°
SBNCBJ
w/o B® — 79KY with B — 79K?©
x2 distribution in q - @ plane projection x2 distribution in q - @ plane projection
i i
€3 €
' L %) r
= 2 ‘ S
1; i+
g X 3 5.9!: 6.3 :
o o
£ i
F B o CL F B oCL
[ 20 CL [ 20 CL
-2 ¥ minimum from fit -2 ¥ minimum from fit
L m  SM expectation L m  SM expectation
T I IR local minimum A PP RN BT I local minimum
02 04 0.8 1 12 0 02 04 06 08 1 12
q cos(@ q cos(@

16



Solving the 'old' B — K puzzle

KBNCBJ

AAcp(Km) = Acp(BT — KT7°%) — Acp(°— KTn7)
~ —2(S(rp)) siny + 23 (7 + r6) gsin g
Adcp(Kr) = 0.114 £ 0.014
BELLE 2 2023 Update: A4 op(K7) = 0.110 + 0.013

SM scenario NP scenario
b 0 (68.1 £ 4.3)°
q 0.614 + 0.051 1.41 £0.16
v (65.3 £ 1.3)° (65.6 £ 1.3)°

Sry —0.0569 £ 0.0075 | 0.0043 £ 0.0061
S, 0.036 £ 0.010 0.0443 £+ 0.0021
AAcp | 0.108 £ 0.012 0.107 4 0.012

17



Summary
KBNCBY

v/ Diagrammatic approach is a helpful tool to study B — PP decays.

v The ad-hoc parameters ¢e'® are used to search for NP impact.

v’ The operator product expansion together with the SU(3) decomposition brings
relations between the EW penguin and tree amplitudes reducing the number of
parameters in the problem.

v Thejoint fit to the B — 7nm and B — 7 K data does not exclude neither the SM
nor the NP scenario.

v The fitis very sensitive to the measurement of A’g?PKD and Sg‘;f(o as well as
B(r°K).

v New results from BELLE 2 can shed more light to understand the situation
(update: it did!).

18



[e] le)
Ideas for the future

KBNCBJ

v Use this analysis to test NP models.
v Check the possible impact of the SMEFT operators.
v Seeifitis feasible to put constraints on the SMEFT Wilson coefficients.

19



KBNCBJ

Thank youl!

20



CKM matrix elements

(52

*
Vi W

K+

B+

A
A

>

s Vus = AN (p + i)

Backup

00000000

Vud
o |
*
Vi w d
b < < u
By m°
u >

VisVaa = AN (1= %) (p + )

_ VepVed
viva| 8= ar|-vivi]

21
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Backup
0@000000

Gluonic penguin

) Views - Views KBNCBY
K+
B+ u
o
ocp = Viy VisPy+ Vo, Ves Pr + Vi, Vis Py,
UT: Vi Vi + Vi Veg + Vi Vs = 0
P/QCD == :b V:SPI/fC - :b Vuspéu = A)‘g(Pi/Ec - ewaPi/Eu)
— A2\ 1| V|
Ry = (1= %) 1| ¥2] = 0390 + 0030

22



[e]e] lele]elele)
SU(3)
SBNCBY

SU(3) Vud f7r
=Y _Jwdlm oy
Vus fK( )

V2A(B — nta0) = —e(T' + ')

f—; = 1.22 4 0.01 - leading (i.e., factorisable) SU(3) - breaking corrections

prime’ - labels b — d transitions. ]
Bose-Einstein statics brings I(n0n ") =2 = AT =3

Q' — @, contribute to A = 1
= Only Q) + Q5 contributes to BT — 707+
assuming SU(3) only @y + @, contributes to Az /o in B — mK

(TK(I=3)| Q1= Qa|BY) _
(rK(I=1%)

general factorisation hypothesis - d57(3y ~ 1 — 3% and Ay
23



Backup
00000000

Isospin decomposition

KBNCBY
I A 10 10
Har—o = —% [lci(Q?+Qg)+>‘CQic:|+/\tZCiQi_/\tZCiQiAI:1 + h.c.
V2 | St =3 =7
GF A 10
Hap=1 = ZLOHQE — QN + X > CiQAE + hee.
AI=1 N5 2 (Qf — Q)+ t; Q; + h.c
1/3 1 1 1
AS/QZ\/;<§7:|:§‘HAI:1 §,i§>
2 /1 1 1 1
Ayjg ==+ §<57i5'HA1:1 5,i5>

B2 = \/?<lyil‘HA1:0 17:|:1>
3\2 2 2 2
Ay =AB° -7 KT)=A3/5+ A2 — By s
Avo=AB" - 7t K%) = Az /5 4+ A1 /5 + By o
Aoo = V2A(B® = w°K%) = 2435 — A1y + Bi)s
Aoy = V2ABT = 7°Kt) =243,5 — Ay 5 — By o

2%



0000e000
Az

KBNCBJ

Ay =AB° =1 K")=A35+ Ayjo — Bi)a
Ao = V2A(B® — n°K%) = 2432 — A1j2 + Biy2
. . 2
A_y =—Te" + Py, — Pl e — gpgw
. . 1
AOO = _CeZ’Y - Ptc+ Pucelry - PEW - ngW
A_p + Ago = 3A43/2 = —(C+ T)e™ — Ppw — PGy = —(C + T)(e" — ge™e™)

_Pew + Phy
c+T

(p+w)

qe’

25



[e]e]e]e]e] lele]
Hamiltonian decomposition

SBNCBY

=1

old 1 1 — 1 als
AL )[ (1 = f’z)(—3§:)o —6,-1) + 5(61 + ) (=15, — —=15, + _3Er )

FETPPRVILE | FPRRL ;S (D)

VTN A= T = T R

Hewp = —\ (Fngs) + CloQ(f;))) — A (CgQ_gd) + CloQ(fr?)
)\tb

+ AW [ (c1 = e2)(6,21 — 3{)

=

¢ . co+cC 3 — 1 s
3 (Tm(3 6 71—1—3())—5—%(—3-1 1:1——21 10—33(1—)0))
)\ﬁd) Cy9 — C10 5(a) €9 + Cio 3 == T L 56
T R e e e e A LI Rl L 28
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Backup
00000000

SBNCBY
1/3 1 11
Agjp =)= (=, £= | Harot |5 £
3/2 \/;<2 2‘ Al=1g 2>

T8 L 1[1 (3 MG+ Gio) 5.+3
— §<,i‘ (1 2)\u(cl+02)))\u(01+02)(Q1+Q2)

1 . o
Agjz = =2 (C+ T = e e™)

27772

2

1
L)
2 2

3 113 _
If <§,¢5‘ 7/\71,(()1 + C2)(Q1 + Qz)

3 Cy+Cuo
2)\2Rb CL + Co

11 ,
7~:‘:7 — T C Nl
2’ 2> (T+C)e

q=

Au

t

=0.64+0.05

1 Vi

cb

~—ARye” A= 0.22 and Ry = ~0.41 £ 0.07
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SU(3) breaking

[Benjamin Grinstein and Richard F. Lebec *N¢8
Let us now consider SU(3)-breaking corrections to the lowest-order Hamiltonian. The

simplest such breaking originates through insertions of the strange quark mass,
H, = mgSs, (4.3)

which transforms as an I = 0, ¥ = 0 octet plus singlet in SU(3). Clearly neither piece
changes the isospin of the Hamiltonian; this would be accomplished by insertions of the up
or down masses, which are much smaller. Let us consider SU(3) breaking linear in m,. In

the case of B — PP, the Hamiltonian contains pieces transforming under

Be6alf)®(1e8)=3®6@15324 ¢ 42, (4.4)
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