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Studying b— s¢+(-

transitions
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Local and n-local Effects

. Non-local contributions
Local contributions (Qg 197 ) (O1g,29)
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Local Hadronic effects

q q
b 5
o
-

The form factors are difficult to calculate and
leading source of theoretical uncertainty.
Two complimentary approaches,

Lattice QCD in high g region (low
hadronic recoil) (paco), (FNAL/MILC]

Light Cone Sum Rules in low or -ve g°

region [Gubernari et al], [Khodjamirian and Rusov], [Bharucha,
Bharucha and Zwicky], [Khodjamirian et al.]

Interpolate to full g2
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LHCb Detect

(2<n<5

Forward arm spectrometer
-

) to study b and c hadron decays.

Excellent vertex and
impact parameter
resolution
(o(IP)=15+29/pr[ GeV]) pwm)

Excellent particle ID
1 1D: 97%, K 1D; 95%,
(m — p misID: 1-3%),
(7 — K misID: ~ 5%)

Excellent momentum
resolution

% =0.5% at low p
t0 1.0% at 200 GeV/c)

Very efficient triggers:
~90% for dimuon chan-
nels
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Current Experimental status

== | CSR Lattice —e-Data
& T T T i [ LHCb Re  low-g? = 0994200
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E i  Data 3
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(Note: Resonance regions
typically removed)
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https://doi.org/10.1007/JHEP06(2014)133
https://doi.org/10.48550/arXiv.2404.03375
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Angular analyses

Decay described by
g% and three angles
Q = (6,0, and ¢)

d“r(B°—K*Ou* 1) 2 A
— dd - Zili(@)fi(€2)
Angular coefficients angular functions

Global fit to CP averaged observables show
deviation with SM change from 3.00 to 3.30
between 3 fb~" and 4.6 fb~'

Large dependence on treatment of SM hadronic
effects

- Tensions also seen in BY — K** ™ and
B2 — dptu~ decays
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T T T e ‘ ‘ ‘ _
LHCb Runt 3 LHCb Run 1+ 2016
Q DSMHDmDHMV
‘SM from DHMV — 0.5 K*o P—
e K
Frote | m [PRL 125 ( zozo 1011802
R [ S ——
E -05F 4
B0 0.+ + 5 +8
[JHEP 02 (2016) 104] E S 1
é 10 é 1‘0 1‘5 N
@ [Gevzlc“] @ [Geva/c]

//(q7) o< (Ax.A%), G and FF dependent amplitudes.

Coefficients Py, g constructed to cancel form factors to
leading order

- Additional nuisance terms introduced for non-resonant

S-wave configuration. .
(Note: Resonance regions

typically removed)
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https://doi.org/10.1103/PhysRevLett.125.011802
https://doi.org/10.1007/JHEP02%282016%29104

Global fit

[ABCDMN'23]

ABCDMN*23

B — Kt~

B— K7

B, — ol ("

Fit to €Y [NP] assuming no NP in other Wilson
Coefficients
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Potential explanations:

- Could it be lepton universal new physics?

-+ Could it be new physics in third generation leptons
feeding down to lower generations?
(possibly linking anomalies in b— cfv, and b— sf*¢~)

OR

- Could it be underestimated non-local "charm-loop”
effects?

7121


https://doi.org/10.1140/epjc/s10052-023-11824-0

Non-local charm-loop effects

Experimentally can mimic NP and difficult to estimate theoretically

8
T Tl

[Can we measure these non-local effects from data?]

EI)\_Q

U\Q
o‘\-O
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A closer look using B® — K*0y* 1~ decays

Method 1 Method 2
z Expansion Dispersion
- Fit to g regions using a - Unbinned fit to the full g
polynomial to describe the spectrum.

non-local effects. - Use dispersion relations to

- Use theoretical and experimental explicitly model non-local states
inputs to constrain them.
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[PRD 109 (2024) 052009]
) 131801]

z-Expansion Amplitude Form

LR ' ' 2y 2mpMg N T2 2 Mg 2
A =NA{[<C9icgmcmicm)]ﬂ(q ) + —2[<c7ic7>a<q )= T6m - 2HA(T)
Wilson Coefficients, C; Local Form Factors, F, (%)
- Real part of Cq, C;, Cio and C;O treated as free fit - Constrained to LCSR + Lattice inputs
paramete rs. |mag fixed to zero [Gubernari, Kokulu & van Dyk] + [Horgan, Liu, Meinel & Wingate]

Non-local hadronic matrix elements (charm-loop), H(g?)

- Exploit analytic properties of hadronic matrix elements,

- Following [Gubernari, Reboud, van Dyk & Virto], oty Y P VT
] Ve -2 +/ir — 1o
Polarisation = 2Z3p, 1-22p(2S) |4 K
Ha(2) = z ay pZ",
{ Ae(],1,0) J 22 Z=Zyp, 2= Zy(25) #¢ )Ere: .

-+ Experimental inputs for magnitudes and phases of resonances pro 90 (2014) 112009], [PRD 76 (2007) 031102],
[PRD 88 (2013) 074026], [PRD 88 (2016) 052002], [EPJC 72 (2012) 2118]
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https://link.springer.com/article/10.1007/JHEP01(2019)150
https://pos.sissa.it/214/372
https://link.springer.com/article/10.1007/JHEP09(2022)133
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.074026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.052002
https://link.springer.com/article/10.1140/epjc/s10052-012-2118-7
https://doi.org/10.1103/PhysRevD.109.052009
https://doi.org/10.1103/PhysRevLett.132.131801

[PRD 109 (2024) 052009]
[PRL 132 (2024) 131801]

z-Expansion Fit Strategy

Exp. input on magnitude and phase

/o

&
=
- Using 4.7 fb™" of LHCb data (Run1+2016) Q
R
- Unbinned fit for FFs, WCs, and non-local polynomial i
coefficients ay 1
- 6D fit to 3 angles, g2, m?(Kr) and m(Km ) ;% --------------------
. . . o} T
— Amplitudes modified tq !ngl. dependgnce on My, to Cg’)—cf)’) narrow ¢& broad ¢z and
model P-Wave as relativistic Breit-Wigner and S-Wave | interference DD thresholds
with LASS Eo L ]
- m(Kr modelled with double Crystal Ball 0 5 10 15
(mpae) mod Lo oo of I 1 pigevye
- BF measured relative to B’ - K*n~Jip Fit Region

g% < 0 theory input

[Gubernari, Reboud, Dyk & Virto]
Two versions of fit:
Without and with theory
input on non-local

component from g% < 0

Lakshan Madhan - Imadhanm@hep.phy.cam.ac.uk 1/21
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[PRD 109 (2024) 052009]

z-Expansion Fit Result L <2 (6728 ]
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https://doi.org/10.1103/PhysRevD.109.052009
https://doi.org/10.1103/PhysRevLett.132.131801

Dispersion Amplitude Form [arXiv:240517347]

. . [Cornella,Isidori,Konig,Liechti,0wen,Serra]
Non-local effects described as corrections to Co.

eff, 0),A s s s
Co > G52 = Co+ VDM + AV (07) + AV (GP) + AV (@) + Yee (@)

. -0
C;‘,ff,A — C7 + 6)\elc;.)
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https://doi.org/10.1140/epjc/s10052-020-08674-5
https://arxiv.org/abs/2405.17347

Dispersion Amplitude Form [arXiv:240517347]

4 . lla,Isidori Kénig Liechti,Owen,
Non-local effects described as corrections to C. [Cornetlalsidori,Konig Liechti,Owen,Serral
Co = G B Y+ AVT@) + AV @) + AV @) + Yee(@)

- =0
C?ﬁ.yk :

Local Contributions

Wilson Coefficients Polarisation dependent shift
Real part of Co, Cy, Cig and C,, treated as free Included as a fit parameter to allow for

fit parameters. helicity dependent complex phase
Imaginary part set to 0, implicitly assumes

no CPVin B— K*u*u~ decays
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https://doi.org/10.1140/epjc/s10052-020-08674-5
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Dispersion Amplitude Form

. . [Cornella,Isidori,Konig,Liechti,0wen,Serra]
Non-local effects described as corrections to Co.

6 5 = ¢ + () BTG Av“%*<q2>}-+ Voe (@)

Ccff A

C7+€ e

Non-Local Contributions

Subtraction term 1-particle contributions 2-particle contributions

RO d > d} K+ B d > (}} «
Theoretically calculated at negative g° b b B
[JHEP 04 (2020) 012] c DD*
IthroduFed to erjsure convergence of Zly wt Zly ut
dispersion relation.
Negligible impact for light resonances 3 -

Includes vector resonances: Includes non-resonant:
light - p(770), w(782), ¢(1020), DD, DD*, D*D*
cc = Jp, P (2S), ¥(3770), 4 (4040), Real and Imag. parts are fit parameters

1 (4160)
Lakshan Madhan - Imadhanm@hep.phy.cam.ac.uk  Mag (except JAb) and phase are fit parameters 15/21


https://arxiv.org/abs/2405.17347
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https://doi.org/10.1007/JHEP04(2020)012

Dispersion Amplitude Form [arXiv:240517347]

. . [Cornella,Isidori,Konig,Liechti,0wen,Serra]
Non-local effects described as corrections to Co.

eff, 0),A s s s
Co > G52 = Co+ VD™ + AV (07) + AV (GP) + AV (@) + Ve (@)

. -0
C;‘,ff,A — C7 + 6)\elc;.)

Non-Local Contributions

TT

Wilson Cg is fit paramter
gives indirect access to BF(B® — K*t*t™)
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Dispersion Fit Result

3
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[arXiv:2405.17347]

Unbinned fit to full g2 using 84 fb™' (2011+2012, 2016+2017+2018) LHCh data

LHCb 8.4 fb~!

Data
Total
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—— Background
=== Local amplitudes
1 particle nonlocal
amplitudes
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~7 amplitudes
Interference
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R P R § I B
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20000f
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= 10000 F
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10000
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ik 0 E) 0 2
cos cos 6 [rad]
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- Total 150 fit parameters
- From simulation:

— Acceptance model
- From data:

— Resolution

— S-Wave Parameters
— Background model
— Non-local states

- From theory

— Local B— K* form factors gaussian

constrained [Gupemarl, Reboud, van Dyk & Virto]
— Subtraction point for cc [asatrian, Greub & Virto]
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https://arxiv.org/abs/2405.17347
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https://doi.org/10.1007/JHEP04(2020)012

Dispersion Fit Result [arXiv:240517347)

Unbinned fit to full g2 using 84 fb™' (2011+2012, 2016+2017+2018) LHCh data
| ac | aco | ad | ac, | «

100 1
LHCb 8.4fb™! Deviation fromSM | 210 | 0.60 | 070 | 04o | O4o
]04 [
. Data
250 Total L
I Signal : T,SM
$ Background : T [ ) ~
£ 200 B des |C5| < 500 at 90% C.L, Cq 4
@] ;rr‘:“mﬁife:““k’c“' Current best limits |Cg | < 680 (600) at 90% C.L. Cjfy = SM(Cy = —Cg)
S 150 S oricle onlocel [PRD 108, LOT1102 (2023)], flavio
= amplitudes = -
= 100 Inerference $ ‘ ‘ Y st ‘ ‘ ‘
% s LHCb 8.4 b 1 LHCb 8.4 !
= 50 ]
S o - <
SE ]
3 E
il PP RPN RPN EPPIPR I RPN B P B P Y O 4 5 ) 3 : L -
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 C [
2 274
q° [GeV?/cf] - ‘ ; ‘ 22 ‘ ;
5 - © '
_ . . . LHCb 8.4 b LHCb 8.4fb
/\\, T AN T s 1 s ]
£ 10000 | 4 g
h LHCh 8 410! LHCb 8416 3 LHCb 84171 s i b 1
ik 0 ik 0 R e
cos g cos O ¢ [rad]
-y -5 -4 -3 2 -1 0 1 2
Cu ¢,
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https://arxiv.org/abs/2405.17347
https://doi.org/10.1103/PhysRevD.108.L011102

Dispersion, Impact of non-local

LHCD 8.4fb! E== Total

Local only

LHCD 8.4f,! === Total
Total, SM WCs

SM hum GRvDV

03 \JU w - \JU w
—1.0 —1.0
8 10 12 14 16 18 8 10 12 14 16 18
2 [GeV?/c) 2 [GeV?/e]
‘
20] = Total 1‘1 20] == Total
Local only || i Total, SM WCs
' s SM from GRvDV
| | = |
1 = '
| LHCh8AfT | S LHCh8am! }! l
| 21071
o
0.0 0.0 -
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
¢ [GeV?/cl] [GeV2/ct]
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[arXiv:2405.17347]

- Modification of differential observable from

non-local state

- Cyan band on right calculated by fixing WC to

and non-local from data.

- Data seem to prefer non-local values larger

than SM prediction

- Nevertheless, Wilson Cy still prefers a shifted

value w.rt SM (indicated by the Total band)
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https://arxiv.org/abs/2405.17347

Compatibility of B® — K*9u* 1~ Analyses

Polarisation dependent
amplitude of non-local
states (eg. ||)

Good agreement seen
between the two analyses.

)

total
9o

an 1.0 T T T
] 1 1 DHMV
o LHCb 4.7 fb S
0.5 R B
E=RSEPRL 132 (2024) 131801) > 0only
[0 ¢* <0 constr.
0o0fF F LHCOPRL 125 ]

(2020) 011802

-0.5

———

-10 , . :

1 1
10.0 12.5
4* 1GeV?/c]

0.0 25 5.0 75
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[arXiv:240517347] B LUCH 8A4fh-! P ; N
1 [PRL125 (2020) 1071802) f LHCb 4.7fh! Comparison of P; with
\ | binned analysis (black
points)
Good agreement between
* V the different analyses
Data consistently prefers a
L deviation from SM )

0 2 4 6 10 12 14 16 18

¢ [GeV? /']
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https://doi.org/10.1103/PhysRevLett.132.131801
https://doi.org/10.1103/PhysRevLett.125.011802
https://arxiv.org/abs/2405.17347

Conclusion

- Imperative to understand charm-loop effects to properly quantify NP in b— s¢* ¢~
- Explored two analyses with varying level of model dependence

- Data prefers NP in Co at 1.8-21¢ level (to a lesser significance in other variables)
Coming up next in the near future,

- Updated binned measurement of B® — K*®x* 1~ using full Run1+Run2 LHCb data

- Updated unbinned measurement of B® — K*®u* ,~ with the z-expansion method using full Run1+Run2
LHCb data

- A minimally model dependent ansatz analysis to extract g? amplitudes of B® — K*9u* 1~ using full
Run1+Run2 LHCb data [Egede, Patel & Petridis]

- Unbinned measurement of fit to full g? of B* - K*pu*p~ decay using full Run1+Run2 LHCb data

- Various analysis ongoing for direct measurement of b— sttt~ (or set competitive limits)
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https://link.springer.com/article/10.1007/JHEP06(2015)084

Thanks for listening!
Questions?
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Backup



Wilson Coefficient values from B® — (K*0— K*7t=) u*p~

’

’

Analysis Co Co Co Cio G

z-expansion g> >0 only | 3.347923 | -3.69%0% | 0.48*9% | 038702 -

z-expansion g% < 0 constr. | 3.59%33 | -3.93%27 | 0267549 | 0277525 -
Dispersion 3.56+0.33 | -4.02+0.24 | 0.28+0.43 | -0.09+0.22 | -100+279
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lar analysis of

) Famous example:
- The angular coefficients F|, Arg and S; depend on Wilson coefficients s
/ 5

and form factors Pl= >
VE(1=F)
- Combine angular coefficients such that form factors cancel to leading

order giving the Py g series coefficients. (atias et al]

1 d4(r+1) 1 d4(r+n)
! ! - (1-Fs) ! .
da(r + F)/dq2 dg? dQ2 S4P da(r + I')/dq2 dg?dQ2 P

- Need to account for the K*7t™ in the
non-resonant S-wave configuration.

3 .o
+ —Fgsin“ 6
6 oo

Ef 7 P-wave
- Introduce additional angular termsas 3 ° S-wa 9
) 8 B owave + — (S11 + S13cos 26) cos B
nuisance parameters. R interference 327
R
< 9 . . .
£ 2 + —— (S145in 20, + Si55in 0)) sin Ok cos ¢
el 327
3‘ 0] 9
B e R e + — (St sin6; + S17sin 20)) sin O sin ¢,
MK 7) [GeVe') 327
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https://arxiv.org/abs/1202.4266

Dispersion relation for non-local states

(@ -d%) = AIm[Yez(s)]
AY,
(@)= S o q20)<s—q2 i)
(@°-q 0) f°° pee(S)
¢ (5=0%)(s-q*—ie)’
Ayllg(QZ) _ nem (q -q O) res(q ), ArQS(q ) = J (?I 7
j:J/u%(Am) o (m 2 9%y) ' (m ]2,q2),,m),r),(q2)
oo ; S)
AVE(Q) = %A (%), AF(q) = L0 0) L1O
j:DD,D*ZD*,DD* ! fm,n (s-q%)(s—q?—ie)
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Dispersion relation for non-local states
)\( 3 2) 2L+1
s, m2 ., m?
Ppjp(s) o< +}2 )

4m2, 4m?., 312
ﬁDD<s)zﬁD(s>=(1—£) , ﬁD*D*<s>zﬁD*<s)=(1— SD)

4m2 1/2

pom-(5) = 5(5) = (1 - S,D)

AYE(g?) = %e’sﬁhg (m5,0°)+ > mehp(m;,q%),
=D, D*

4m? 2 4m?
hs(m,q*) :2—6(1—7), he (m,q*) = §+(1—7)hs(m,q2)7

G(y) = \/M{e(y) [m (1 . ﬁ) - m] +20(-y) arctan(\/l_y)}.
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Importance of measuring interference
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4000

- Interference can mimic new physics

in Cg.

- In order to determine precisely the

couplings involved,
the non-local contributions need to
be understood.



non-local state description

Y3E(my,) la.u.]

1P states are narrow resonances described using relativistic Breit-Wigers.

2P state amplitudes calculated in [Cornella et al.] shown below

Magnitude and phase of non-local states are fit parameters

—— Real part 2000 vz —— Real part
- Imag. part 2p
6 9. p: 1o 2, Imag. part
20
YDD
4 1.50]
3: 1.25]
2 \ S
\\ % 1.00
0 — B S
& 0.75]
“S_\
-2 0.50
4 0.25]
0.
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https://arxiv.org/abs/2001.04470

T Enhancement

Possible to link b— c/v, and b— s¢*¢~ measurements within SMEFT
[Crivellin et al], [Capdevila et al.]

For a generic flavour structure and in the absence of b— svu/'

-2V T E
TT _ _~TT cb M _
Co' ==Cyp ~ R a(\/ RD(*)/RD(*) 1)' -
th " ts
Here CT™ describes the presence of tau-loop contribution which
through radiative effects anturally produces a lepton universal 1

/\2
Cg = glog - g‘r7
37 Js
where A is the scale of new physics. [aiguers etal]

®l

Lakshan Madhan - Lmadhanm@hep,th.fﬂﬁﬁ,%féd%_s from [BaBar][BELLE] [BELLE Il


https://arxiv.org/abs/1807.02068
https://arxiv.org/abs/1712.01919
https://arxiv.org/abs/2205.15212
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.111103
https://arxiv.org/abs/2104.12624

Local hadronic effects z-expansion

Exploit analyticity and interpolate to full g?

1 N

Fa(q’) = 7o kZ
2(q°) = vihog-vhoh
\/t+—q2 \/_0

with N=2, t, = (m% + m?,) and to is a choice of the origin.
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Branching Fraction measurments

Observed tensions can be explained by a NP shift in Co or Co/qo.
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£ 14 LHCb ' 3 [ oontourscortespond 0.68%, 9%, 99% CL regions B S o1 )
Tk LHCbat S 06l Heo | 30k NEw Sqnr 4
% 12U SM (LCSR+Lattice) T st ] = ) SCE
% 10f = SSMM Et;ﬁg) ) 0.5 [PRL 128 (2022) 041801] —owt E§ WCET T e SiSugmoe 4
B 8[HA[PRL 127, 151801 (2021)] B 041~ ) N B E
< e W wes ] i ] ° —
Iy 6 = + p-* q 0.3 — T 10 - I\I\IHI\I\I\\I\I\IHI\I\IHI\I\I\\I\IW\IhHI\I\IHIH
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[N St E WUE [arXiv: 2404033062700
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https://doi.org/10.1007/JHEP06(2014)133
https://doi.org/10.1007/JHEP06(2014)133
https://doi.org/10.1007/JHEP06(2014)133
https://doi.org/10.1103/PhysRevLett.127.151801
https://doi.org/10.1103/PhysRevLett.128.041801
https://doi.org/10.48550/arXiv.2404.03375

Lepton Flavour Universality Tests in b— s

Ratios of the form:

14} LHCb Ri low-g? = 09947099
9! R contralg? = 09458 p BB KWt o
Lol Bieelowg® = 0927405 KGO = B(B—K(*etem) ~
. Ry central-g* = 102727
& 1 ! free from QCD uncertainties and 0(1%) QED corrections.
< LOF T
= 1 i { Measurement at LHCb performed using a double ratio
0.8F with the resonant mode cancels exp. systematics
t  Data 2 =16.p=0812,0 =02
o6k — SM A{LHEE—P;PER—ZOH—OAS]] R _ B(B - K p o) B(B—»Keter)
LHCb-PAPER-2022-046 K(*) B(B — K(*),]/lb( o))/ BB K<*>J/Lb( s ete))

Ry low-¢* Ry central-’ Rg- low-¢° Ry central-g*

Latest and most precise simultaneous measurement of Rx and Rk« compatible with SM.
Does not exclude lepton flavour universal New Physics
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https://arxiv.org/abs/2212.09153v1
https://doi.org/10.48550/arXiv.2212.09152
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06 \ ‘T{“ 02F E
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Therefore, can't access Pf or Arg
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Angular definition same for BY and BY since no self tagging of decay.

The decay of BY — &u* ™ also shows small tensions with SM in combined fits


https://doi.org/10.1007/JHEP11(2021)043

Compatibility of B® - K*9u* 1~ analyses
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Determination of a g dependent C}

[Marzia Bordone, Gino Isidori, Sandro Machler, Arianna Tinari]

4
3
S o
1
o B+ = K+ H+ n
1.1,2] [2,3] 1341 4.5] [5.6] 6.7] 7.8]
bin ¢? (GeV?)
5
4 B
o |t o
: H I[ r s
0 Bt > K+ u+ u}

[15.16] [16,17] [17.18] [18,19] [19,20] [20.21] [21,22]

bin ¢* (GeV?)
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Cy
S N w e o

I b %
: E= c;
T 1 19 11 @
i‘r """"" ) FEE= | — o
{ BO N K*OM+M—
[1.1,25] 125.4] 14.6] 1681
bin ¢* (GeV?)
. q
== = * G
,,,,, T e el
T T T I T Cw
— constant
BO N K*OM+M—
[11.125] [15.17] 17.19]

bin ¢* (Gev?)

Data driven estimation of g°
dependent C} incl. non-local effects.

No sizable g? dependence observed
which would arise from unaccounted
for charm-loop effects

Discrepancy with SM consistent with
short-distance effect of non-SM origin


https://doi.org/10.48550/arXiv.2401.18007

e -
O; = ?mb(sauuPRb)F“”,

1

Og = Emb(§aw,TaPRb)G””a7
e’

Oy = E(S’YHPLb)(P_W“H):

e’ _ _
Oy = ?(SvuPLb)(m”%u),

2

e - _
Os = @mb(SPRb)(HH),

2

e - _
Op = —— My (5Prb) (y51),
167
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ol = ;mb(§awPLb)F””7
1
ol = gmb(&ruyTGPLb)G“”a,
, el
O = E(S’YHPRb)(ﬁ’YHH),

er _ _
O = ?(S%PRb)(uv“%u),

2

’ e = =
Os = @mb(SPLb)(HH)»

2

e o e
Op = ——mp(5PLb) (s k),
161

*Altmannshofer et al.
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v(q*) . 2mp
Mg + M+ q?

A 2
A= -3 - i) [ -y (6 - ] 4L

Aur = WNZ[ [T+ cs™) = (5 + 0] (= c?“’)n(qﬁ],

B — Myx
2
2@ M) |
_ N eff effr eff ffr
AoL,r = 2m,<*\/q>2{[(cg Co ) F(Cp Cweo )]

x [(mé e — @) (s + My YA (0 AM]

Mg + Myx

A
4 2my (T C?“’)[(mé +3me ~ () - ﬁu(a%]},
mB — mK*

7 my

As = =2NAY2(Cs = CD) A0 (GP),

N 2
A= —=\"7? [2(6?5— My (o - c;)]Ao«f),

where *Altmannshofer et al.

Gla? ) 172
N=V, Ve A, |
tb [5[3'2107r5m‘33q B
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2+ B? 4m? . . s LaAL*y _0p o
i) AL AL 4 (L R)| + o Re (AL AR 4 ALARY), o 28 [ReAjA) - (L= B,
1 4 n I q? L7 10 m

an? Jg = 48— Re [AgAs + (L > R)],
= AP G+ S [+ 2Re(at A5 + 5 ol Ve
* m Loa% R A%

2 Jr =28, [lm(AgAi )= (L—R) + = im(A A% + A%a%y |,

R R Y NG
1 .

= [ + (L= R o= 5B [Im@A ") + (- R)],
/3:%,31 [A5F = 1Aj P + (L= RY], Jo = B, [Im(A]"AD) + (L~ R)].

1 *
o= 8 [Re(oa ) + (L= B,

my L

Js = V2B |Re(AGAL ") = (L R) = —E Re(AjAS +AﬁA;‘>],

v

*Altmannshofer et al.
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](qz, 01, 0%, P) = jf sin’ Ox +j1C cos’ Oxx + (l‘; sin’ Ox +j§ cos’ O+ ) cos 26,
+ Jysin’ O sin® 6 cos 26 + J, sin 20, sin 26, cos ¢
+J55in 20 sin B cos ¢
+(J; sin” O + g cos’ Oy ) cos B + J; sin 20« sin 0, sin ¢

+Jg 5in 20,0+ sin 20, sin ¢ + Jo sin’ Oy« sin’ 0, sin 265 .

*Altmannshofer et al.
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