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Latest global CKM fit

arXi1v:1501.05013
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™ | excluded area has CL > 0.95 | |

< With new 2014 data and 10
th. results, the global fit
remains excellent

0.5

= 00— A L R\
e |
<= Measurement of the [ < |
= : - V
dominant CKM paradigm o5 |Vl
definitely entered a high :
precision era T wop
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http://arxiv.org/abs/1501.05013
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CKM Process Observables Theoretical inputs g
|Vwua| |07 — 0T transitions WV e anci = 0.97425 + 0 4 0.00022 6] Nuclear matrix elements |
Vs | K — mly Vst z (0= 0.21664 + 0.00048 7] | fE="(0) = 0.9641 £ 0.0015 + 0.045
K — eve. B(K —ev.) = (1.581+0.008)-10"° [7] fx = 155.240.24+0.6 MeV
K — uv, B(K — uv,) = 0.6355 £ 0.0011 7]
T — Ku, B(r = Kv,) (0.6955 4 0.0096) - 102 (7] '
Vel | K — pw/m — pv l;((f : 5;’:; - 1.3365 & 0.0032 7] | fx/f= = 1.1942 +0.0009 + 0.0030 J
e P A g o 0 (7]
B(r — mwv.)
| Vedl vN |Ved|vn = 0.230 £ 0.011 (7]
D — pv B(D—uw) =  (3.714+0.17)-107* 9] | fo./fp = 1.201=+0.004 =+ 0.010
D — mly Veal fP7™(0) = 0.148 4 0.004 8] | fP7™(0) = 0.666 + 0.020 + 0.048
|Ves| W — c5 Ve 0.9470 32 £+ 0.13 7]
D, — v B(D, —»7v) =  (5.55+0.24) 102 (9] fpo. = 245.3+0.5+4.5 MeV
D, = jv B(D, = pvy) = (5.57 +£0.24) - 10? [9]
D — Klv Yo e for= 0.712 4 0.007 8, 10]| fP~¥(0) = 0.747 4 0.011 4 0.034
|Vus| | semileptonic decays | Vub|sL = (3.70£0.124+0.26) - 107>  [9] form factors, shape functions
B — Tv B(B—71v) = (1.08 £0.21) - 10~* 9, 11]| fB./fs = 1.2054 0.004 £ 0.007
|Ves| | semileptonic decays |Ves|sL = (41.00£0.33 £0.74) - 1072 [9] form factors, OPE matrix elements
Q B — 7w, pm, pp branching ratios, C'P asymmetries 9] isospin symmetry
A B — (c©)K sin(28)eq = = 0.682 + 0.019 [9]
~ B — DWW K®) inputs for the 3 methods [9] GGSZ, GLW, ADS methods
¢s | Bs = J/W(KK,wn) bs = —0.015 + 0.035 [9]
ViV Amy Amy = 0.510 = 0.003 ps~* 9] |Bp./Bp, = 1.023+0.013=+0.014
Amg Amg —  17.75740.021 ps * [9] Bp, = 1.32040.017 4 0.030 i
Bs — up BB =)= (RO [12] feeie—995% Elel =5 Ne V. i
| ViVes & B — (2228+0011)-10°  [7] | Bx = 0.7615 + 0.0027 + 0.0137 !
| VA Vs ke = 0.94040.013 + 0.023 i
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1-Dimensional Pulls
g —

Y 0.89 :|5|

a 1.03

= ; 5=k . sin 28 1.74 |
= Comparing x’min Without fx 0.00 i

. . : Am, _
and with a given quantity m 144

g B(B—1tv)
gives a measure the Vo 000

v B = 2 IVc Isemie 0.00
« tension » it brings in the BB 056
. B(D,—uv) 1.06
fit BO,~1v) 151
B(D—Klv) 0.00
B(D— =bv)  0.00
: : IV oot tatt 0.00
cs not lattice
<= Nothing really sticks out Ve 0.42
B(ty,) 2.31
B(K ) 0.29
BK,) 143

< Beware correlations... B 0.00
ud 0.00

0 05 1 15 2 25 3 3.5
Pull (o)
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Latest global

< Previous fit uses a "
particular average of o
exclusive and inclusive
decays 05

8K
= Using only exclusive SRR W RN
semi-leptonic B decaysto |
fix Vup (@nd Vup) changes s
the €k contour, 1ol
| g (oxl. 21 0L > 0.95)
= But not the best fit point '1'?1._ol - I-o|.5I - Io.|oI N Io.|5I N I1.|oI - I1.|5I - I2_.0
p
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fit (Vyp excl.)

1T 11 | T 11 | T T, T T 1 T T 1 T 11
™ | excluded area has CL > 0.95 | |
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Latest global fit (Vb incl.)
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™ | excluded area has CL > 0.95 | |

1.0

< Same when moving to -
: ; S —
inclusive SL decays, more i
in agreement with B=TV = L. & /A S5y o
< Notice the Am; ring 0.5

stops closing
-1.0

fi Y

Summer 14 : (excl: at CL > 0.95) —

1.5 |||||||||i|||||||||||||||||||
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Correlations: Br(B—=TV)

< There are ~1.50 pulls in
sin2 and Br(B—TV)

-
S

¢

These are in fact very
much correlated: the fit
determines very precisely
a combination of both
(much better than the
good exp. precision on B)

<= Lesson: global fit of both
is essential to reveal a
possible discrepancy

BR(B — 1v)

3 value
0.20 1+ P 1.0
u - 0.9
u . 0.8
0.15 |- |
- . 0.7
u . 0.6
0.10 — —] 0.5
- . 04
u . 0.3
0.05 |- |
- . 0.2
- e | Po-
| Summer 14 |
0.00 1 11 1 | 1 111 | 1 111 | 1 111 | 1 11 1 | 1 11 1 | 1 11 1 | 1 11 1 0.0
050 055 0.60 065 070 075 0.80 0.85 0.90

sin 2f3
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Correlations: Br(Bx— uUp)

-value
T 1T 1171 11T /,L’T T~J,~~| L NT T 1 | T INT T | I pI v u 1-0
80 — .. -
K \\ Summer 14
I 0.8
< : T 60 :" | 0.
= Same is true for Bxy2 Uy T : 7
. ! ] 0.6
; § i 0.5
<= Experimental progresses 3 g :
% T : 7 0.4
(Belle I1) will be m '-. :
o | o3
welcome! N
NLO '
NNLO .-~
________ = 0.1
e 0.0
0 1 2 3 4 5 6

Br(B_—yyt) [10°]
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New Physics Example: AF=2

<= Assume generic and independent contributions to Bs
and Bg mixing (as well as K°: left alone)

M7y = (Myi3)sm x A
A? = |AY|e"®s = (1 4 h,e?9)

< Observables are
o Am, & |AY
q q
) aSL <> A

o Al') & gqu

J. Orloff, NP@BII Karlsruhe, Feb.25 2015




NP in B4 mixing

< Global NP fit view in By
parameter space

<= SM (A=0) is not
excluded, and nearly as
good as best fit

<= NP contributions up to
40% are not excluded
either!

Im Ag

-2

I I | I I I
| excluded area has CL > 0.68 |

Ag &a

/////////

CKM

fitter
Summeri4

NP in B, mixing - with A
SL

-2 -1 0 1 2 3

Re A,

J. Orloff, NP@BII Karlsruhe, Feb.25 2015
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NP in B4 mixing (w/o As)

excluded area has CL > 0.68

<= Ag. (combination of ads;
and a’s)) measurement at
Tevatron is In tension
with others

__________ —1,, S—
0 <

—

Im Ag

<= Discarding it doesn’t !
change the conclusions

CKM

fitter
Summeri4

-2

NP in By mixing - w/o A

-2 -1 0 1 2 3

Re A

J. Orloff, NP@BII Karlsruhe, Feb.25 2015
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NP in Bs mixing

< Global NP fit view in B
parameter space

< SM (A=0) is not excluded
either, although outside
of the Ag, contour

<= NP contributions up to
30% are also allowed

ImA,

o

1
—h

1
N

T T T 1 [ B | [ B [ . T T T ]
| | excluded area has CL >0.68 | |
i AT, &tF° &1 (K'K') & T (JJpf ) ]
- SM point .
: Am ]
I %)
L A& ]
_ R ‘ NP in B, mixing - with A_ -
- Summeri4 . —
Coooo by | T R T NN TR M M N I A
-2 -1 0 1 2 3

Re A,
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[T I I I | I I I
| | excluded area has CL >0.68 |

s »

<= Dropping As. releases <
. S
the tension =

| fitter

NP@BIl Karlsruhe, Feb.25 2015
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NP in Bx mixing : current

p-value

0.5 T T T [ T T T T [ T T T 1 N B 1.0
— | excluded area has CL>0.95 | -
i e 1 Moo
2013
0.4 — — 0.8
[T T i 0.7
0.3 — — 0.6
< 1 o5
0.2 ] 0.4
______________ | 0.3
0.1 - Bo.2
i 0.1
0.0 | |',, RTEN N N R 0_0
0.0 0.1 0.2 0.3 0.4 0.5

hd
Deviations up to 30-40% (at 2 @) are currently possible

J. Orloff, NP@BII Karlsruhe, Feb.25 2015




NP in By mixing : future 1

p-value
0.5 T T T [ T T T T [ T T T1 N 10
— | excluded area has CL>0.95 | -
i e 1 Boo
B Stage | N
0.4 — — 0.8
I i 0.7
0.3 — — 0.6
I E 1 o5
0.2 — ] 0.4
I 1 0.3
0.1 — 0.2
i 0.1
00 1 /l’ o b b by 0_0
0.0 0.1 0.2 0.3 0.4 0.5

h,

Stage 1 projection: LHCb 7fb! + Belle Il 7ab! (~2018?)
Excluding 20% deviations

J. Orloff, NP@BII Karlsruhe, Feb.25 2015




NP in By mixing : future 2

0.5

0.4

0.3

0.2

0.1

0.0

p-value

— | excluded area has CL>0.95 |

/—— ~
Phe A
’ 1

I 1
7
’
’
’
’
7’
,
1« 1

| fitter

Stage I

Lo v b b b g
o -
(3] o

R R T N N S 0_0

0.0

| | | | | | | | |
0.1 0.2

h,

0.3

0.4 0.5

Stage 2 projection: LHCb 50 fb-! + Belle 1l 50ab™! (~20237?)
Excluding 8% deviations
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NP in By mixing : future 2

p-value
T T T T [ r T T T [ T T T LN Y R B ] 10
3.0 — excluded areahas CL>0.95 | ]
i e 1 Mo
| Stage Il (NP) -]
2.5 | 7 0.8
E ] 0.7
2.0 — :
o B —
b 1 5 - e : 0-5
. i 0.4
10— : 0.3
_ — 0.2
0.5 — ]
N ] 0.1
00 B L1 1 1 | I N | | I N | | I N | | L1 |_— 0_0
0.0 0.1 0.2 0.3 0.4 0.5

h,

Stage 2 projection: LHCb 50 fb-! + Belle 1l 50ab™! (~20237?)
Measuring a 15% deviation to SM
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Uncertainties

<= CKMfitter code is designed to allow for a frequentist
approach where theoretical parameters have initially NO
probability distribution

<= Restrictions only come from experimental input (with
statistical distributions)

< RFit : Theoretical uncertainties are treated as nuisance
parameters bounded (but undistributed) in a range

x=pu+oN|[0,l]+A_

Observation Gaussian Systematic
stat. error bounded in [-AA |

Parameter

J. Orloff, NP@BII Karlsruhe, Feb.25 2015




Structure of the code

< Core libraries: (~5000 Mathematica lines)

>

= Perform minimisation, and scans of p-values

D

e

%

aking symbolic partial derivatives 60; / 0p; is a major speedup (x100?)

9
"

Automatically generate and compile fortran code for speed

<= « Theories » packages: (~15000 Mathematica lines)

<= each define analytically a set of observables O; as functions of input parameters:
Oi(p;) ; e.g. Br(B;— W) is in « DiLeptonicDecays.m »

<= Can coexist in different versions (eg. NLO or NNLO), and with different inputs
(e.g. SM, NP, MFV for BBbarkKKbarmixing.m)

<= Analysis Datacards: define
< free fit parameters (with initial search range)
<= experimental results (incl. statistical and systematic uncertainties)

< theoretical uncertainties
J. Orloff, NP@BII Karlsruhe, Feb.25 2015




How to add a NP model?

Provide a Mathematica theory package
(or alternative version) defining affected observables

\/
L4

<= Code is not public, but the group is flexible
(not every member signs every paper)
and open to project-oriented partnerships
(e.g. NP in mixing)

<= Models benefitting most of the refined statistical analysis are

over-constrained, with correlations between observables:

= 2HDM type |l
limited Wilson coefficients sets (C5, Co, Co, ...)

CMEV

\/
0’0

\/
%

J. Orloff, NP@BII Karlsruhe, Feb.25 2015
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Publications

o Wolfenstein parameters

¢ UT angles and sides

e UT.angle and apex

e CKM elements

¢ Input parameters

e Rare decay branching fractions

CKMfitter global fit results as of Summer 14:

For a more extensive discussion, please read the summary of inputs and results,

Wolfenstein parameters and Jariskog invariant:

|Observable. Centralt1o | t20 [ t30

) 0.810 (+0.018-0.024]  |0.810 [+0.025-0.030]  |/0.810 [+0.032 -0.035) |
0.22548 [+0.00068 22548 [+0.00096 2255 [+0.0010
-0.00034) -0.00068) -0.0010) ‘

|pbar 10.1453 [+0.0133 -0.0073] |[0.145 [+0.032 -0.015]  |0.145 [+0.042 -0.022) |

[nbar 0.343 [+0.011-0012)  |0.343 [+0.022-0.025]  |0.343 [+0.034 -0.036) |

LpoH 11296 (+0.19 -0.18) |[2.96 [+0.30 -0.22) 1[2.96 [+0.42 -027)

UT angles and sides:

|Observable  Centralt1o | t20
| B e aaa s

t30

asn & aans [ aaa s aaa.

http://ckmfitter.in2p3.fr/

Coming soon: web interface CKMlive

J. Orloff, NP@BII Karlsruhe, Feb.25 2015




