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® Simultaneous determination of the CKM angle Y

® Astudyof CPviolation in the decays B* » [K*Kntn~]ph* (h = K,7) and
B* — [rtn—ntn~|ph*

@® Evidence for the decay B —+ D% and updated measurements of the branching
fractions of the B’ — D™ decays



Unitary Equations and triangle :

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

'
o

Vud Vus Vub 1 — %2 A A)\S(p o ’LT})

Vekv = | Vea Ves Vo | = —A —’\72 AN?
Via Vis Vi AN (1 —p—1in) —AN 1

« CKM Matrix describes transition between gquarks through weak
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==« Itselements can be determined from experiment
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https://cds.cern.ch/record/2836208

Unitary Equations and triangle :
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. . NP loop |Scales (in TeV) probed by
Couplings
order |Ba mixing| FE. mixing
|C5| = |ViaViy| | tree level 17 19
(CKM-like) |one loop 1.4 1.5
|Cii| =1 |tree level| 2 x 107 5 x 10°
(no hierarchy) | one loop | 2 x 10° 40
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« CKM Matrix describes transition between gquarks through weak
interaction -> One of the main CP contribution to SM

- Its elements can be determined from experiment
-> Parameterization with 4 independent parameters

« Goal: Sensitivity to BSM effects if Unitarity triangle different in
direct and indirect measurements

- The current state of y measurements (CONF-2022-003-001) :

-> Test of global validity of the
CKM formalism in tree level
diagrams

Phys.Rev.D 89 (2014) 3, 033016

Direct : = (63.8732)° ->Tree Level = Standard Candle

Indirect : 7 = (65-66f81965)° -> Loops / Pinguin diagrams

« According to CKMfitter group, a 1° precision on direct measurement test
SM up to dozens of TeV energy scales 4
-> Only possible in association of multiple analysis



https://cds.cern.ch/record/2836208
http://ckmfitter.in2p3.fr/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.033016

« A combination of measurements sensitive to the CP violationangle Y including all relevant beauty and charm
results from the LHCb detectorincluded until October 2022
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D’ — KOrtn~ tep, yop, Az, Ay [52] Run 2 As before S
D’ — Kirtn™ (u~ tag) zep, yop, Az, Ay [L7] Run 2 New



https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html

Further details of the statistical procedure can be found in JHEP 12 (2021) 141 B.’ = we enter in a luminosity era enabling more precision
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
https://link.springer.com/article/10.1007/JHEP12(2021)141

Further details of the statistical procedure can be found in JHEP 12 (2021) 141 B.’ = we enter in a luminosity era enabling more precision
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- Aim of this analysis : Measure CP observables in B* — [h"h~ 77~ |ph™ decays using full Run1+2 (9fb1)
» First study of CP violation in this channel
« Enhance sensitivity through sophisticated binning of 5D phase space
+ Provide input for future model-independent measurement ofy
* + Measurements also performed of phase-space integrated observables


https://arxiv.org/abs/2301.10328

- Aim of this analysis : Measure CP observables in B* — [h"h~ 77~ |ph™ decays using full Run1+2 (9fb1)
» First study of CP violation in this channel
« Enhance sensitivity through sophisticated binning of 5D phase space el %
+ Provide input for future model-independent measurement ofy Bﬂb e
* + Measurements also performed of phase-space integrated observables N

Phys. Rev. D (2003) 68, 054018
Eur.Phys.J.C (2008) 55:51-56
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DV

- DK §DK
Overall Amplitude of this decay :{AB(@J = Ap— (Api(o) +rp-exp(i(dp

- '}“))ADL'(@))

Ap(¢) = AR (Api(@) + B eap(i(5F™ + 7)) Ap(¢))

Strong-phase difference of D and D° decays inaccessible at LHCb (OK at BESIII and Cleo-C)
D-decay phase-space split into bins -> yields of B in each bin i :

N+ hDh(F ,—l—(( Dh) (,yffx) )FH“'_Q\/RT DI\ yflxw))
N=, = hBE(F_; + (xP5)? + (yPEV) Py + 2/ FoFi(xPKe; — yPKs)))

 CP observables : _ » Fractional bin yield : « Amplitude averaged strong phases :
.'L'Dh _TDI\LOS((S'BI\ :I:"]r') - . S
, . F— J;i don(d)| A" . — J; | A(D")||A(D")|cos(Adp)
yPK = rBEgin(6BK £ ) P32, S don(9)|A(DY) 2 " V[ dg| (DY) [ dg| A(D)

. [#€7 = Re(€"T) (€07 = iR -0y Floated in the fit, mostly e o — dep| A(D")||A(D)|sin(Adp)
y&™ = Im(EP™) o constrained by B* — D™ © Vgl ADO) [ ol A(DY)?
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https://arxiv.org/abs/2301.10328
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
https://link.springer.com/article/10.1140/epjc/s10052-008-0600-z

- Aim of this analysis : Measure CP observables in B* — [h"h~ntn~|ph™ decays using full Run1+2 (9fb1)

D'K
V \
AB’B‘ o\‘ DOA 5“

First study of CP violation in this channel
Enhance sensitivity through sophisticated binning of 5D phase space e
Provide input for future model-independent measurement ofy B-@b e

+ Measurements also performed of phase-space integrated observables S

Phys. Rev. D (2003) 68, 054018
Eur.Phys.J.C (2008) 55:51-56

DV

- DK §DK
Overall Amplitude of this decay :{AB(@J = Ap— (Api(o) +rp-exp(i(dp

- '}“))ADL'(@))

Ap(¢) = AR (Api(@) + B eap(i(5F™ + 7)) Ap(¢))

[KYK-ntr

Strong-phase difference of D and D° decays inaccessible at LHCb (OK at BESIII and Cleo-C)
D-decay phase-space split into bins -> yields of B in each bin i :

N+ hDh(F ,—l—(( Dh) (,yffx) )FH“'_Q\/RT DI\ yflxw))
N=, = hBE(F_; + (xP5)? + (yPEV) Py + 2/ FoFi(xPKe; — yPKs)))

CP observables : » Fractional bin yield : « Amplitude averaged strong phases :

Yyt =rp 5m(5§‘:" + )

e
o DT
Ye =

<|:.'L'Dh = 18 DK LOS((S'BI\- - ’“,r')

. [ — Ji don()| AD)]* C e [, dé| A(D)[|A(D")|cos(Adp)
b2 den@IADP VIOl ADNP [ ol AP

Taken from an
i | amplitude model
Re(€PT) Dr i cDr_sDK » Floated in the fit, mostly 0 e . dgp| A(D")|| A(D")|sin(Adp) JHEP 02(2019)126

Dr _ 15" Li(0g"™—dp") )
= Im(€P7) ( e ) constrained byB* — Dr* " V[ dglADY) [ d| A(DY)

DK DK
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https://arxiv.org/abs/2301.10328
https://link.springer.com/article/10.1007/JHEP02(2019)126
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
https://link.springer.com/article/10.1140/epjc/s10052-008-0600-z

Here are the invariant-mass distributions integrated over phase-space :

Gives possibility to also do the measurements of phase-space integrated
observables ---> Another statistically independent analysis

. AKKmT — I(B"—=Dh )-I(B"=Dh") _ 2rPksin(68") sin(y)
h — I'(B~—Dh™)+I'(B*—Dh™) 1+(rEM2+2rPhkcos(08") cos(v)
where k = 2FEE™
\ . Phys. Rev. D 107, 032009 (BES IlI)
CP-even fraction of the decay, taken from Phys. Rev. D 106, 092004 (BES lll)
o REL™™ = —%}(i:j =1+ (r55)2 + 2rB8 kcos (655 ) cos(vy)

T from arXiv:2209.03692(submitted to PRD)

(B~ =[flpK )+I(B —[f]pK")
U(B=—[flpm )+ (BT=[f]p7™)

with Rf =

CP-violating observable

Fit results
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https://arxiv.org/abs/2301.10328
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092004
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https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
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* The binning scheme is defined in a 2D surface defined by : Adp = arg(A ),
Bins are chosen to be symmetric around Adp = 0 and In(rp) =0 Ao

Enhance sensibility to ¥, following the procedure described in JHEP 01 (2018), 144 , by maximizing the Q-value :
Q= (Q7 + Q‘i)/2
QL =1-(1- %A= )

= |22

S I

ln(rD)

|Bin numberl

Calculated from the amplitude model + input of physical parameters

8
7
6
5
4
3
2
1

T R I
A5D [rad] -1 -0.5 0 0.5 1
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https://arxiv.org/abs/2301.10328
https://link.springer.com/article/10.1007/JHEP01(2018)144
https://link.springer.com/article/10.1007/JHEP02(2019)126

« The binning scheme is defined in a 2D surface defined by : Adp = arg(A

Bins are chosen to be symmetric around Adp = 0 and In(rp) =0

)

Enhance sensibility to ¥, following the procedure described in JHEP 01 (2018), 144 , by maximizing the Q-value :

> = [,

S;

g '3
g 7 §
2 0.5
6 =
5 2
A 0
3
5 0.5
1 |- -
! 0 T —l
1 -05 0 0.5 |
Ad,, [rad] c

« CP Fit Results from binned analysis :

<, [T Tk e o e
C . i aup r = ]
™ 01  B*-DK* LHCb - 01 B'>Dr* LHCb
. : T C H 9 b’
7 0.05 —
v - OI—I ------------- [ = |
E ] -0.05 -
3 —01F : -
I RS SRS SRS A - R B
—0.2 —0.1 0 0.1 -0.1 -0.05 0 0.05 0.1
xDK x?”

-> The distinct B — DK< contours indicate CPV while the mode
B* — Dr* has very low sensitivity to CPV

Q

2
+

=1-

Q*=(QL+Q%)/2
(1 - ¥, Bty (3, Ry

Calculated from the amplitude model + input of physical parameters



https://arxiv.org/abs/2301.10328
https://link.springer.com/article/10.1007/JHEP01(2018)144
https://link.springer.com/article/10.1007/JHEP02(2019)126

* The binning scheme is defined in a 2D surface defined by : Adp = arg(A ),
Bins are chosen to be symmetric around Adp = 0 and In(rp) =0

ln(rD)

— |2nY
Apo D= "AD0|

Enhance sensibility to ¥, following the procedure described in JHEP 01 (2018), 144 , by maximizing the Q-value :
Q= (Q7 + Q‘i)/2

T
Ad,, [rad]

e T T L B - (RN B o)

|Bin numberl

CP Fit Results from binned analysis :

Qi=1-

(1 - ¥, Bty (3, Ry

Calculated from the amplitude model + input of physical parameters

i C L & \ | 1 T I
Qp:-l L . . 4 Q un _
0.1 B*-DK? LHCb - 01 B'>Dr* LHCb
. 9fb! ] C 9fb! ]
0.05F - 0.05- .
0 E. .......... - 0 E- ............. H:
-0.05F - -0.05- -
—0.1F B B 3 —0.1F -

L1 N B S B R TR B R

-0.2 -0.1 0 0.1 -0.1 —-0.05 0 0.05 0.1

55

-> The distinct B* — DK=* contours indicate CPV while the mode
B* — Dr* has very low sensitivity to CPV

Asymmetry

Useful crosscheck to compare measured bin asymmetries
against prediction by the fitted CP observables

The B+ — DK~ mode shows non-zero bin asymmetries !

—0-6_— B —DK* ]

Non-trivial distribution driven by strong phase variations

F T T T T T 1T T T T T T T T T T4

+DI
Fit proje:

* No CPV prediction

L | | | 1 | 1 | 1 | 1 l | 1 | 1
8-7-6-5-4-3-2-1122345©6 738
Bin number

- LHCb
% 9fb! +

| ]
_'+Dt ]

Fit projectiol

* No CPV predlctlon E
. Bk—>D7r ]

e

R I N I I Y IS S I S S A S M S

8-7-6-5-4-3-2-1123456 738
Bin number
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https://arxiv.org/abs/2301.10328
https://link.springer.com/article/10.1007/JHEP01(2018)144
https://link.springer.com/article/10.1007/JHEP02(2019)126

« Those results can then be interpreted in term of the underlying physics parameters :

o = T ' — | Numerical results for the
S « 150 < 150)- binned analysis :
D
2 o 1+12\0
| i v = (116113)",
100 [ N DK +14y0
100 dB‘ — (81—13 ;
[ PS integrated I TEK = U.llﬂtg'gggj
50_%51%?2021 S0 N —|—62I o
i i 0 = (298—113) k
Dr +0.0054
0% 50 oL rg. = 0.0041" 5047+

Values of y from binned analysis high, but falls within the 36 asymmetric contours
» Phase-space inclusive measurement are compatible with expectation

« This publication is model dependent BUT strong phases will be available from BESIII soon
-> This paper allows a model independent update when ¢, and s;become available
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https://arxiv.org/abs/2301.10328

« Aim of this analysis :
« First evidence for the decay B — D®*)% ( Suppressed by the Okubo-Zweig-lizuka rules)

« Such mode not been observed in b-hadron yet ! b < < ¢
« Constrain the w — ¢ mixing angle (with information from B® — D®*)0 ) B° %W D™
« Updated measurement of the BF of the B — D)% decays d '
« Two color-suppressed interfering diagrams with amplitudes similar in size
» Can be used to measure CKM angle y ! Chin.Phys.C45(2021)023003
u
* D(x)l)
®d) " ub c ..
{5 Really similar to
0
§

W BO — DOK*O
b

Note : The decays used for reconstruction are : D° — K*n—, ¢ - KK~ , D* — D%%% or D** — D%
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https://iopscience.iop.org/article/10.1088/1674-1137/abd16d

« Aim of this analysis :
« First evidence for the decay B — D®*)% ( Suppressed by the Okubo-Zweig-lizuka rules)

» Such mode not been observed in b-hadron yet ! 5 < > ¢
« Constrain the w — ¢ mixing angle (with information from B® — D®*)0 ) B° %W D™
« Updated measurement of the BF of the B — D)% decays d '
« Two color-suppressed interfering diagrams with amplitudes similar in size
» Can be used to measure CKM angle y ! Chin.Phys.C45(2021)023003
: : : . — (ut+dd — =
. The physical states w and @ can be written as a function of the ideally states w!l = (mi;% ) and ¢I = 88
(w) B ( cos(9) sin(ﬁ)) (wl)
¢ —sin(d) cos(d) | \ ¢ Integrals of the phase space factors
”
= (% Input from Phys.Rev.D 98,
0 ()0 w
« The mixing angle can be determined with the branching fractions : tan?d = ng):g(*mi; < % 071103 (2018)

From current world average

« Angle recently observed in charmonium resonance decays XcJ — w® BUT still not in b-hadron decays
Phys.Rev.D99,012015(2019) (BESIII)
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« Invariant-mass fit for the decay B —+ D°K*+ K~ == Normalisation mode

g; [ II | Il)at'a ] gé? II ID;“a
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500 F . N f e B"— D KK — 2000 S & D PP B"— D KK
E [Run 1 3 fb) B Dk ] E 1800 Run 2 (6 b’ . B DRk
n —— Combingtorial bkg 1 —— Combingtorial bkg
\ 400 —_ Bg_,» EE}(;; . \n 1600 —— Bg—) E*EK:E
= N 2 I Bgag*ﬂKK ’ — 1400 F1 0 e B.—D_KK
> . —-B">D KK _' %
2 00y Yy T B'— 501\_’7: ] 2 200 Fy T
E ----- BY— EOK;T ] E 1000y {1
M 200 P A,— Dﬁp]( - m 800
:\+ ” P Ly— D pK ] 600
100F- # W2 T et S 400
E oA\ ] 200
0 4-.-—r"'. IR by ok < TV _-"--;,h_ PR M mad nedif i 0 3 R LT T — i
5200 530 5400 ) 5500 5600 5200 5300 54000 5500 5600
m(D K*K )[MeV/c?] m(D K*K )[MeV/c?]

19



 Invariant-mass fit for the decay B - D°K+tK~ CoftHes T 7T T T T T & goofLHCY T
(\\' % ERun 13 fb-l) | { Data % 150 I Data
« Fiton m(K*TK™) toremove non - ¢ background @Qe =z wp e S B = 9o KK
. . — =) E 60:— — — Background —: E 250 — — Background
« s-Weight method to project on m(D%) <3° : | £ 200
g 40 G 150
* Note that the ratio between transverse and longitudinal 20f o
components are free parameters for bothB® — D®)0¢ of ! of
= 1000 1020 1040 1060 1000 1020 1040 1060
and Bg — D™)0g m(K*K') [MeV/c?] m(K*K') [MeV/e?]
o 60 B T L T ] ] ] I ) ] ] I I ) ] I ) I 1 i et K T L v ) ] ] I 1 ) ] I ) 1 1 I ] L) 1 i
NU : LHCb % Data ] NU 250 LHCb » Data -
> 50fRun13fb’) v B{=D'g 4 >  [Run2(6fbh f o B~D¢ .
L N . S B'=D o) ] L 200 = L T B"-»D ¢ —_
2 40 - B'— Emgb: transverse — 2 C B’ E*Ugb: transverse ]
E E B'— ﬁ*ﬁgb: longitudinal E E K ) B’ ﬁmgﬁ!: longitudinal ]
— 30 - — — Low mass bkg 2 N 150 n — — Low mass bkg ]
~ N —— — Combinatorial bkg ] —~ C —— — Combinatorial bkg ]
Z n B'— Emgb: transverse - Z 100 = B'— E*Ugb: transverse _
= 20 0 = . — = N . 0 = . -
g B;— D ¢: longitudinal ] ﬂ; L B;— D ¢: longitudinal -
68 | N m N Total 4
10} -] 50 ' -
0 - e — = — L] -
[ I 1 1 I 1 1 1 l 1 0 1 I 1 1 1 I (] 1 1 l L (] 1 l L

5000 5200 5400 5600 ) 5800 6000 5000 5200 5400 5600 0 5800 6000
m(D ¢) [MeV/c?] m(D ¢) [MeV/c?] 20



« Theresults are :
- First evidence for B —+ D*)%
B(B° — D%) = (7.74+2.14+0.74+0.7) x 107"— 3.60 significance

B(BY — D*%¢) = (2.2 1:/0.5 +0.2 +£0.2) x 10-—4.30 significance
. A v
statistic  gytematic fromnormalisationmode
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* Theresults are:
- First evidence for B —+ D*)%
B(B° — D%) = (7.74+2.1+0.74+0.7) x 10°"— 3.60 significance

B(B® — D*°¢) = (2.2 + 0.5 £ 0.2+ 0.2) x 10— 4.30 significance
& v
statistic  gytematic fromnormalisationmode

« A combined study of the two decay modes gives w — ¢ mixing angle

tan?s = (3.6 = 0.7 £ 0.4) x 1073 —consistent with theoretical prediction phys. ettB 666 (2008) 185-188
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* Theresults are:
- First evidence for B —+ D*)%
B(B° — D%) = (7.74+2.1+0.74+0.7) x 10°"— 3.60 significance

B(B® — D*°¢) = (2.2 + 0.5 £ 0.2+ 0.2) x 10— 4.30 significance
& v
statistic  gytematic fromnormalisationmode

« A combined study of the two decay modes gives w — ¢ mixing angle
tan?s = (3.6 = 0.7 £ 0.4) x 1073 —consistent with theoretical prediction phys. ettB 666 (2008) 185-188

» Precision improved for B — D®)% + consistent with previous LHCb results phys. Rev. D 98.071103 (2018
P s p Phys. Re . (2018)

B(BY — D%) = (2.30 & 0.10 £ 0.11 4 0.20) x 1075 , o o | i
The fraction of the longitudinal polarisation of B — D*%¢ :

B(B? — D*°¢) = (3.17 £ 0.16 £ 0.17 £ 0.27) x 107> fr(B? — D*°¢) = (53.1 £ 6.0 + 1.9)%
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e Theresults are :

- First evidence for B —+ D*)%
B(B° — D%) = (7.74+2.1+0.74+0.7) x 10°"— 3.60 significance

B(B® — D*°¢) = (2.2 + 0.5 £ 0.2+ 0.2) x 10— 4.30 significance
& v
statistic  gytematic fromnormalisationmode

« A combined study of the two decay modes gives w — ¢ mixing angle
tan?d = (3.6 £ 0.7 £ 0.4) x 1073 —consistent with theoretical prediction phys. eitB 666 (2008) 185-188

» Precision improved for B — D®)% + consistent with previous LHCb results phys. Rev. D 98.071103 (2018
P s p Phys. Re . (2018)

B(BY — D%) = (2.30 & 0.10 £ 0.11 4 0.20) x 1075 , o o | i}
The fraction of the longitudinal polarisation of B — D*%¢ :

B(B? — D*°¢) = (3.17 £ 0.16 £ 0.17 £ 0.27) x 107> fr(B? — D*°¢) = (53.1 £ 6.0 + 1.9)%

* This can be used to measure CKM angle y
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e Theresults are:

» First evidence for B — D)%

— H . . 0
B(B® — D) = (7.7 + 2.1 4 0.7 & 0.7) x 10~ Reminder : y not yet accurately measured in B;

= _ S T A o
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_ 0.2
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(o)
* This can be used to measure CKM angle y Y ]

- Additional methods employing another B! decay!
 Notable difference with B — D, K JHEP 03 (2018)059 : No tagging and pure final state
« Expected sensitivity on y with this decay is about 8° to 19° with LHCb dataset chin. Phys.C45(2021)023003 2°


https://link.springer.com/article/10.1007/JHEP03(2018)059
https://iopscience.iop.org/article/10.1088/1674-1137/abd16d

« New combination of LHCb results gives the most precise determination of y

First study of the CP violation with the channel B* — [n"h ntn | ph™
« Both with a D phase-space binning scheme and integrated
* To beimproved after BESIII strong-phase measurements

First evidence for B —» D™

Branching fraction precision improved for B —+ D™% -> Possible y measurement (Stay tuned !)

Coming soon (or later) :
 Studies of new decay modes
« Updates with Run3 data set (expected 23fb") -> Room for improvement as all measurements are
still limited by statistics
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« New combination of LHCb results gives the most precise determination of y
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« First study of the CP violation with the channel B* — [h"h 't~ ]ph™ ,@ﬁﬂ
« Both with a D phase-space binning scheme and integrated ﬁgﬁ
* To beimproved after BESIII strong-phase measurements \'od
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First evidence for B —» D™

Branching fraction precision improved for B —+ D™% -> Possible y measurement (Stay tuned !)

Coming soon (or later) :
 Studies of new decay modes
« Updates with Run3 data set (expected 23fb") -> Room for improvement as all measurements are
still limited by statistics
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Table 2: Auxiliary inputs used in the combination. Those highlighted in bold have changed
since the previous combination .

Decay Parameters Source Ret. Status since
Ref. [14]

B* - DK** REE LHCh 33 As before
BY - DK* h:g‘f‘“" LHCH @ As before
B® - D7t F] HFLAV 13] As before
B! - DFK*(xm) ¢, HFLAV E As before
D — Ktr~ cos OB sindB™ (P2 2%y CLEO-c¢ E New

D — Ktn Agr, AT o7 cos S87 r 57 sin §5T  BESTIT 28] New

D — hth=x° Fr o Fipo CLEO-c 54] As before
D—nataatr  Ff CLEO-c+BESIII 2654 Updated
D — K*tr=a® plet | gt Kt CLEO-c+LHCh+BESII  [55{57 As before
D — KEpFatas  pin ghin gl CLEO-c+LHCb+BESHI 49155 57‘ As before
D — K{K*n7 rf‘}*'”", 5{‘,{5"’", H,EEKW CLEO 58] As before
D — KJ*a®  ppskr LHCh 59| As before

Table 4: Confidence intervals and best-fit values for ~ when splitting the combination inputs by
initial I¥ meson species, computed using the Feldman-Cousins Plugin method .

68.3% CL 95.4% CL

Species  Value [°]

Uncertainty  Interval — Uncertainty — Interval
B 60.6 iy [56.8, 64.6] He.8 [53.1, 68.4]
B 82.0 by [73.2,90.1] Hr (64, 99]
BY 79 2 (55, 100] s (32, 130]

Table 3: Confidence intervals and central values for each of the parameters of interest, computed
using the Feldman-Cousins Plugin method , Entries marked with an asterisk show where the
scan has hit a physical boundary at the lower limit.

68.3% CL

95.4% CL

Quantity Value ) .

Uncertainty Interval Uncertainty Interval
v[°] 63.8 a3 [60.1,67.3] foa [56.3,70.7]
rOi* 0.0972 ooz [0.0951,0.0994] o [0.0930,0.1017)
FEEH) 127.3 i [123.8,130.7] tas [120.0,133.8]
rort 0.00490 000 [0.00437,0.00549] oot [0.0039, 0.0062]
507" [°] 294.0 .t [283, 303.7] 5 [272,313]
Dt 0.098 H.aLy [0.079,0.115] H0.031 [0.061,0.129]
SEEN 308 7 [283, 320] s [239. 329
ro 0.0091 Fo.onaL [0.0035,0.0172] Fo.one. [0.0006, 0.025]
55 [ 137 [54,159) [7,169]
rok 0.108 H0Le [0.089,0.124] +0.030 [0.069,0.138]
52K 34 t20 [19,54) tot 6.8
b 0.249 Ho.o2 (0.224,0.271] H0.044. (0.198, 0.293]
K] 198 HO [188.4, 208] Had (179, 222]
w 0.310 +0.008 0.216, 0.406] +020 0.09.0.51]
525 K o] 356 H19 [338, 375 a] (318, 395]
;-ﬁ?“’*“*“' 0.460 +a.081 [0.375,0.541] +a.16 [0.29, 0.62]
5;",\?’ et 346 +12 [334,358] ¥26 [321,372]
;-ﬁ;?‘“* 0.030 to.0s [0.018, 0.046)] Hos [0.003.,0.071]
5507 [ 32 t2s -8, 58] e [~54,77)
rRi et 0.079 o [0.045,0.107) e [0.000, 0.128]*
ropteta” 0.068 H1.020 [0.038, 0.094] +0.033 [0.000, 0.107]*
(%) 0.398 e [0.349, 0.448) e [0.30, 0.497]
y[%] 0.636 o [0.617,0.656) e [0.597,0.677]
(%] 5.865 s [5.850,5.879] e [5.835, 5.894]
557 190.2 22 [187.4,193.0] t55 [184.1,195.8]
la/p] 0.995  S0E [0979,1.010] 0% [0.963,1.027)
ol 25 H2 [-3.7,-13] 2 5.0, -0.1]
al, - [%] 0.090 H1.057 [0.033,0.147] +.11 [—0.03,0.20]
ad, _[%) 0.240 el [0.178,0.301] s [0.12,0.36]
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Figure 4: Profile likelihood contours for the components which contribute towards the « part of
the combination, showing the breakdown of sensitivity amongst different sub-combinations of
modes. The contours shown are the two-dimensional 1¢ and 2¢ contours which correspond to
the areas containing 68.3% and 95.4% of the distribution.
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