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Overview

« The LHCb Detector

. ¢s measurements using B — ¢pand B, — (K n~ ) (K =)
» CPVin Bj,) — hi

« Summary and Prospects
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The LHCb detector

Properties of the LHCb detector
- Good PID and track & vertex reconstruction
- Flavour tagging power ~4-8 %
- Decay time resolution ~45 fs

/ / Magnet

ECAL
SPD/PS

HCAL
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\| Forward arm spectrometer
\ | Pseudorapidity 2 <n <9

LHCb MC
Vs =7 TeV

/2
0, [rad]

Run 1
Run 2

Data samples:
2010-11: 1.1 fb_1(7 Tev)

2012: 2.1 fb~1 (8 TeV)

. 2015-17: 3.6 fb~ (13 TeV)
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¢s measurement in

B) - (KTn )(K 7™")
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Motivation for ¢2

gluonic penguin diagram

« Sensitive to CP violation in inter- \

Decays are FCNCs, dominated by a

ference between decay and mixing

(phase ¢s = =20, = @y — 2®p)

- Direct CPV possible Al =

. SM prediction of ¢s small

- Larger values possible in certain BSM

modelsS [phys.Lett. B671 (2009)
arxXiv:1212.6486v1
Phys.Lett. B493 (2000)
J.Phys. G32 (2006)
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BO

Observables

— (KTm

J(K ™)

Run 1 data

(367

- 9 different quasi-2 body decays
are considered, requiring time-
dependent angular analysis

- m(K7)window analysed from
750 -1600 MeV/c?

JHEP 03(2018)140

Parameters in the

Allowed values of h~ Number of a@

fit:

CP-averaged

Decay Mode Ji o J2
BY — (KTr)s(K—mH)s scalar-scalar 0 0 0 1 y
BY — (K+tn~)5K*(892)° scalar-vector 0 1 0 1 fraCt!OnS Of
B0 — K* (892)0@_7T )G vector-scalar 1 0 0 1 ampl]tUdeS, f?,
B0 (KTn )5 K5(1 30)0 scalar-tensor 0 2 0 1 .
BO — K3 (1430)0_(K T tensor-scalar 2 0 0 1 . CP COnserV]ng
B0 — K*(892)° K*(892)° vector-vector 1 1 0, [, L 3
Bl K920 K30430)0  vectortensor 1 2 oL 1 : strong phases, 9;
BY — K3(1430)°K*(892)°  tensor-vector 2 1 0, |, L 3 R CP V]Olat]ng
BY — K3(1430)°K3(1430)°  tensor-tensor 2 2 0, ||y, L1, ||2, Lo 5
phase,?s
- Direct CPV
through |A|
Emmy Gabriel (UoE) 6 BEACH 2018




B, - (Ktn )(K =) JHEP 03(2018)140

Run 1 data
. . (3fb_1) /(/\6':1200 E T LHéb' L I-IB? I_) (II(+J[_I)(K_I”+)I _: \

Analysis Ingredients > 1000 B 7 o
> B - K ) ra) ]
. . . % S00F B o (KKK ]
. Cut-based selection including a 2 — e
: owor B P:rtially reconstructed_'
BDT to remove background £ w0k B Comvimaorial
. Complex fit to the data S 200} ow -
o av; i

° InClUde the decay t’me © é)OOOI | I5200I | I5400 5600 5800

/

reSOlUtion, /£ Time-dependent decay J‘
flavour tagging 0o of 5

input (~5.15%),

m(K*m~K %) [MeV/c?] /\

angular dr ey [ 1 (1 |
— s jcosh [ —Alst | + bjjsinh | ~Alst | 4 ¢jj cos (Amst) + djj sin (Amst)
acceptance and | * 7 [ (2 ) (2 > ]
decay time a5 = A(0)A(0) + i Ai(0).5 (0)
acceptance. by = —(nje®MA;(0) A7 (0) + e~ "M 4;(0).47 0))
cj = Ai(0)A5(0) — nin;Ai(0)A;(0)
dj = —i(nje'®™A;i(0)A7(0) —mie”'?M.A;(0).A7(0))

. /
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el (K n)

¢ rad] = —0.10 £ 0.13 + 0.14
IA| = 1.035 + 0.034 + 0.089

+ more results of
fractions/phases for
other amplitudes

First time the weak
phase inb — dds
transitions has been
measured.

Run 1 data
(3 /b=

JHEP 03(2018)140
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Results are consistent
with SM predictions
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¢s measurement in

BY) — ¢¢
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B — ¢¢

Observables

Run 1 + 2015 +
2016 data

- Pseudovector — Vector Vector
decay, so requires time-dependent
angular analysis

Preliminary

LHCb-CONF-2018-001

(o

\(l) I\- -

)
10 | Re(Ao(t)A%g(t))
11 | Re(A)(¢)Ass(t))
12 | Im(A, (t)A%g(t))
13 | Re(Ao(t)A%L(t))

14 | Re(A)(t)As(?))
15 | Im(AL(t)A%(t))

dI'

5 8 cos 0, cos Oy
4f
sin ¢4 sin 05 cos ®
4‘f sin #4 sin 6 sin ®
\% cos 01 cos 02 (cos 61 + cos 62)
4f sin 0 sin B2 (cos 01 + cos f2) cos ®

— —£ sin 6, sin 62 (cos 0; + cosfy) sin @

41 A(t. 04,6
Qﬁdcos@ldcosegdq) < 4| AL, 61, 62,

T fofo-

i K; Ji K

1 | Ao(2)|? 4 cos® 0 cos? O

2 |A)(¢)]2 sin? 0, sin? B (1 + cos 2®)

3 |AL(2)]? sin? 0, sin? f5(1 — cos 2P) / P-wave (¢d)

4 | Im(A;(t)AL(D)) —25sin? 6, sin? 0 sin 2®

5 Re(Ajj(t)Ao(2)) /2 sin 26; sin 205 cos ®

6 | Im(A5(t)AL()) —1/2sin 291 sin 205 sin ®

- IAss(t)|22 4 4 — CP-even S-wave (f0f0)
8 |45 (2)) %(Cog ! + cos 02)° g CP-0dd S-wave (0

9 | Re(A%(t)Ass(t o F (cos 1 + cos bs) (0)

¢f0 interference

\ dP-fOf0 interference

dd-pfo interference

D)|> = Z K;(t) fi(61, 929
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Parameters in
time-dependent fit:
Polarisation amplitudes

AH ’ AJ_v A07 AS) ASS
CP conserving strong
phases 01, 02, 05, 055
CP violating phase ¢s
Direct CPV through A
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B — ¢¢

Preliminary LHCb-CONF-2018-001
2016 data

Triple Product Asymmetries

Definitions

U = cos® x sind

Can probe for T-violation in a decay V =1y x sin®

time integrated untagged method with
the use of triple product asymmetries K

(Au and Avy). N — N \

- Simultaneous fitting of separate Ay = Ngg i 8; + N Eg i 83
datasets according to the sign of the N(V > 0) = N(V < 0)
U(V) observable. Av = NV >0)+ NV <0)

Run 2 result

Ay = 0.3 £1.6 (stat) £0.5(syst) %
Ay = 1.0 £1.6(stat) £0.5(syst) % We]ghted average

Run 1 result = 0.0 £1.2(stat) 0.4 (syst) %
Ay = -0.3 £1.7(stat) £0.6 (syst) % = —03 £ 12(stat) £04(syst) 7
Ay = -1.7 £1.7(stat) 0.6 (syst) %

Phys.Rev.D90:052011,2014

Emmy Gabriel (UoE) 11 BEACH 2018



BY) — ¢¢

Preliminary LHCb-CONF-2018-001
2016 data

EXte 18 al | N p UtS B oscillation

Flavour-tagging frequency

. BY decay widths
Gaussian constrained | (4,0 AL®) = 14 1ALI{(1 — 2w)e " *sin s, cos(Am.t) — cos by sin(Am.t) cos 6]

PRL 114 (2015) 041801 — 5 cosdi(e T — e T sin g}
. BY oscillation W e
frequency \_ -

New J. Phys. 15 (2013) 053021

Analysis Ingredients

4E = .
o E - Cut-based data selection and a neural
O3 M AR VAARA WA o o f
P net to remove background
 10F . 4|« Mass model consisting of a Crystal Ball
Q 10 e oo ',"'l\\ '''''' E + Student_T
> _,/x ,//‘ <. \ * . R
| N[0 40| ¢ Include the decay time resolution,
j o AJ — ¢pK” \ ] flavour tagging input (~5.8%), angular
L acceptance and decay time
10 5200 5300 5400 5500 5600
M(K*K'K*K") [MeV/c?] accep tance.

Emmy Gabriel (UoE) 12 BEACH 2018



B — ¢¢

. Run 1 + 2015 +
It 2016 data

Parameterisation
estimation from
minimisation of negative
log likelihood.

Each of the data samples

have:

- Independent signal
weights

- Decay time and
angular acceptances

- Separate Gaussian
constraints to decay
time resolution
parameters.

Emmy Gabriel (UoE)

Preliminary
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Summary of Results

Run 1+2 BS > ) e m—— ‘A
Preliminary™

—0.06 +0.13 (stat) = 0.03 (syst) rad |

Al = 1.02 £0.05(stat) +0.03 (syst).
|Agl? = 0.382 £0.008 (stat) £0.011 (syst),
A = 0.287 £0.008 (stat) =0.005 (syst),
60, = 2.81 £0.21(stat) +£0.10(syst) rad
0| = 2.52 +0.05(stat) +0.07 (syst) rad

LHCb-CONF-2018-001

First time the weak phase in
b — dds transitions has been
measured.

Emmy Gabriel (UoE) 14

All measurements of CP-
violating phases and CP
violating parameters are in
agreement with previous
measurements and the SM
predictions.

Measurements supersede
previous LHCb
measurements.

T Y G "Gl We——

—0.10 +=0.13 +=0.14

1.035 + 0.034 + 0.089 |

JHEP 03(2018)140
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Motivation

- Analysis allows for measurement of
the CP asymmetries as a function of

decay time.

arXiv:1805.06759

Run 1 data

(3fb~")

Decays considered:

B - KTK~
BY — xtx™
BY - KTn~

B) - 7K~

Time-dependent
measurement

Time-integrated
measurement

FTree contributions

Penguin contributions

p TN s
b d,s
—t —~at

d, s d,s

d,s

Emmy Gabriel (UoE)
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B

arXiv:1805.06759

. . Run 1 da’ga
AnalySIS |ng red lents <3fb ) Decays considered:
» Preselection cuts and PID requirements + | o, g+x- "\ Time-dependent
BDT to remove background. B -ty J  Mmeasurement
. Simultaneous fit to =m, KK, Kn gz - f:;: Time-integrated
categories, using a flavour-tagged, decay- L

time and hh’-mass dependent fit.

- Inclusion of decay-time acceptance and
resolution.

Observables

time-dependent measurement Observables time-integrated
—— measurement

Emmy Gabriel (UoE) 117 BEACH 2018



0 /
Ly — hh arXiv:1805.06759

R esuy ‘tS M ( Time-dependent asymmetries for

(/b1 candidates KK~
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(t-t,)mod(25t/Amy) [ps] (t-tymod2st/Am) [ps] /

|

]

—_
OU]

o
COI h
% 30001 LHCb BY » KtK-
= ) T /_[ Flavour Tagging Performance ]_\
) L
E 2000 - Flavour tagger Tagging power (%)
% - OS 2.94 4+ 0.17
o - ' SSTr 0.814+0.13
= . B - Ktrn~ SSp 0.42 +0.17
& 1000~ I SSc 1.17 £ 0.11

- 3-body background SSK 0.71 £0.12

i | Total B® — ntn~ 4.08 £+ 0.20

0 Combinatorial Total B?— K*K~ 3.65 4 0.21

5 52 54 56 58| backeround
\ My - [GeV/cZ]/ \ /
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Be -1

Results o
C.i.- = —034 £0.06 +001,
. Sy, = —0.63 £0.05 £0.01,
Cxik- = 020 +£0.06 +0.02,
Skik- = 0.18 £0.06 +0.02,
A%Y - = —0.79 £0.07 £0.10,
AB) = —0.084+0.004 +0.003, |
AZ, = 0.2134+0.015+0.007, }

+ - @
K T T SCP VS CCP Moriond 2018\
ce 7 PRELMINARY

T T
N RN A BaBar
Belle
[l LHCb :

. Average
02 g = &

-0.4 |
-0.6
-0.8 |

1 1 1 1 i
-0.8 -0.6 -0.4 -0.2 0
SCF’
Contours give -2A(In L) = AP =1, corresponding to 39.3% CL for 2 dof

Emmy Gabriel (UoE)
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arXiv:1805.06759

Crr, Ser, AB L, A0, are the most
precise measurements from a
single experiment.

Ckx,Sxkxin agreement with
previous results.

4.00 deviation of (Ckk, Sk, ARK)
from (0,0, —1)is the strongest
evidence of CPV in the B,
meson sector to date.
Measurements presented allow
for improved constraints on
CKM CP-violating phases.

BEACH 2018



Conclusion & Prospects

« Many interesting CPV results in charmless B physics at LHCD.

« LHCb leads the world sensitivity in several of these
measurements.

+ Results obtained so far are in agreement with SM
predictions.

- Interesting future ahead: with more data and the LHCb
Upgrade, the precision will improve further.

Thank you for your attention!

Emmy Gabriel (UoE) 20 BEACH 2018
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Flavour Tagging

PV SS pion
° SS proton
SS kaon

-
-
-"-
-
-'——
-"-
—"-
-
-
--
-
-
--

..................................................................................................................................................................................................................................................................................................................................................... Same Slde
opposite side
- 1V @ 0S kaon
OS vertex charge
OS charm
0OS muon

OS electron
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By = 90 Preliminary LHCB-CONF-2018-001

Run 1 + 2015 +
2016 data
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0
By = 90 Preliminary LHCB-CONF-2018-001

Run 1 + 2015 +

i

1 |Ao|? 1 D C —-S 4 cos? 01 cos? 65

2| 142 1 D C —S sin? 6 sin? 62 (1+ cos 2®)
3| |ALI? 1 -D C S sin? 0 sin? f2(1— cos 2®)
4 |A|| ||AL | C'sin d1 S cos 41 sin 1 D cos 81 —2sin? 0, sin? 65 sin 2
5 |A|| [| Aol cos(d2.1) D cos(62,1) C cosda 1 —Scos(d2,1) /2 sin 2604 sin 205 cos ®
6| |Aol|AL] C'sin 62 S cos b2 sin do D cos 62 —+/2 sin 264 sin 205 sin ®
7| |Ass|? 1 D C _g 4

8| |As|? 1 —D C S %(cos 61 + cos 02)?

9 ||As||Ass||Ccos(ds —bss)| Ssin(ds—dss) | cos(dss—ds) Dsin(dgs—dg) %(cos 01 + cosbs)
10| |Ao||Ass]| cosdgg Dcosédsg Ccosdgg —Scosdgg 8 cos 6y cos 05

3

11 |A||||A55| cos(d2,1—6ss) |Dcos(d2,1—955)|C cos(d2,1—0g5)|—S cos(d2,1—bss) ﬁ?,ésiné?l sin f5 cos ®

12||AL||Ass|| Csin(da — dsg) | Scos(da —dss) | sin(da—dss) D cos(d2—6s5) —4—‘3/5 sin #; sin 05 sin ®

8 cos 6y cos O

13| |Ao||As] Ccosdg —Ssinég cosdg _Dsinés 75
X (cos 01 + cosB2)
42 §in 6, sin 0

14| |A)|[As]| |Ccos(d2,1 — bs)| Ssin(d2,1 —ds) | cos(d2,1—bs) | Dsin(d2,1 — ds) /3 Smo1sings

X (cos 01 + cosB2) cos P

—4—% sin 01 sin 6o

15| |AL||As| | sin(d2 —ds) |—Dsin(d2 —dg)| Csin(d2 —dg) | Ssin(d2 — dg)

X (cos 01 + cosf2)sin @

Coefficients of the time
dependent terms and

angular functions . dr , 15
Amplitudes are defined at [ETEp——r R L X z; Ki(t) fi(61,02, ®).
t=0. im
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B — ¢¢

Run 1 + 2015 +
2016 data

— 2c T T T T T T T — 20— T T T T T T T D 2 C D 2¢
- = - E < C < -
< 125_ LHCD simulation 3§ < }25_ LHCDb simulation 1‘8; 1'8;
b — b 1.6 3 1.6:—
i:;1:;ﬁ*‘:‘a’#“#”ﬁ’#**ﬁ**’“"*+““+¢+¢+¢‘+t_$ ij i_M*“4‘““‘”‘%*“”##“uﬁ#n““*‘“wr ::_ A + 1:_
= 3 _E -~ :_ = 1 --:_ ————___ _
e 3 I 1.0F /#/ 10f 2 -
08:_ = 08__ C * -/
0.6 3 0.6F- 085y 08K
04F = 04E 0.6 0.6f
02F E 0.2F 0.4 i 045
0% = — = - 0 = ' — 02 F 0.2F
1 _05 0 05 61 _1 _05 0 05 61 0 ;Illllllllll |[EERRARTERA RN NI RRERARRRRARRERANREN! 0 :||||||||||||||||||||||||||||||||||||||||||||||||
cos c0s Y, 1 2 3 7 8 9 10 1 2 3 45 6 7 8 9 10
P —— Time [ps] Time [ps]
— E
< } 25_ LHCb simulation
} fl)' ;# +++¢M '+ *¢f¢ §*¢¢ ‘¢ geaes %fﬁ o ‘§¢#‘¢ §+¢“¢§++ ¢é
1= =
08¢ Decay Time acceptance
045_ —f L4 ® . °
ot E Efficiency as a function of decay time
E R Y B A
oS o os taken from:

Preliminary

LHCB-CONF-2018-001

Angular acceptance:

Simulated events with the same selection
criteria as those applied to BY 2 ¢p¢ data

events used to determine the efficiency

correction

BY — D_ " for 2011-2012 data

B° — J/yK*Y for 2015-2016 data
Control modes are re-weighted
according to kinematic and

topological information to more

closely match the BY? — ¢¢ decay

Corrections for the differences between data
and simulated events are taken into account.

Emmy Gabriel (UoE)
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BY) — ¢¢

Run 1 + 2015 +
2016 data

Table 6: Summary of systematic uncertainties for physics parameters in the decay time dependent
measurement, where AA denotes angular acceptance, TA denotes time acceptance, and TR time

Preliminary

LHCB-CONF-2018-001

resolution.
Parameter | Mass model AA TA TR Fit bias | Total
| Apl? 0.0035 0.0098 0.0008 0.0001 0.0018 | 0.0106
|AL |2 0.0021 0.0046 0.0007 0.0002 0.0012 | 0.0052
0y (rad) 0.0128 0.0653 0.0049 0.0031 0.0179 | 0.0692
0, (rad) 0.0640 0.0100 0.0085 0.0064  0.0701 | 0.0960
¢*°* (rad) 0.0119 0.0072 0.0077 0.0035  0.0126 | 0.0206
By 0.0063 0.0217 0.0023 0.0053  0.0097 | 0.0253
Emmy Gabriel (UoE) 26 BEACH 2018




BY) — ¢¢

Flavour tagging

/_[ Flavour Tagging Performance ]_\

Category  Faction(%) (%) D? eD*(%)

OS-only 16.29 12.51  0.098  1.23 £0.10
SSK-only 53.39 40.99  0.044  1.80 £0.42
OS&SSK 30.31 23.27  0.119  2.76 £0.22
Total 100 76.76  0.075  5.79 £0.48

LHCB-CONF-2018-001

Emmy Gabriel (UoE)

/_[ Flavour Tagging Performance ]_\

Tagging algorithm

€tag /0] €oft [V0]

SS

62.0+ 0.7 1.63+0.21

0S 37.14+0.7 3.70+0.21
Combination 75.6 £0.6 5.15+0.14
.
JHEP 03(2018)140
07 BEACH 2018



Summary

Psmeasurements

'« Results agree with theory

i predictions.

Current LHCDb results,
including BY — J/YyK+TK~
and B! — J/ymT 7~ decays
show no large CPV in either

BY — BY mixing or b — 5s5
decay amplitudes.

Results presented supersede
previous LHCb measurement.

Emmy Gabriel (UoE)
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5. 0

Crr, Ser, AB . A0, are the most
precise measurements from a
single experiment.

Cxx,Sxkxin agreement with
previous results.

4.00 deviation of (Ckk, Skx, ARK)
from SM (0,0, —1) is the
strongest evidence of CPV in
the B! meson sector to date.
Measurements presented allow
for improved constraints on
CKM CP-violating phases.

BEACH 2018
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Current experimental knowledge on the CP parameters:

Reference Crt St P (Crir—y Sptn—)
BaBar [22] —0.25£+£0.08 £0.02 —0.68 £0.10 £0.03 —0.06
Belle [23] —0.33 £0.06 £0.03 —0.64 £0.08 £0.03 —0.10
LHCb [17] —0.38 £0.15£0.02 —-0.71 £0.13 £ 0.02 0.38
HFLAV average [19] —0.31 £0.05 —0.66 £ 0.06 0.00
Cr+i- SK+K- p(Cr+x—: Sk+Kr-)
LHCb [17] 0.14 +0.11 £ 0.03 0.30 £0.12 4+ 0.04 0.02
0

Experiment Ag; Agfg

BaBar [22] —0.107 + 0.016 + 2-906 -

Belle [24] —0.069 = 0.014 £ 0.007 -

CDF [25] —0.083 £ 0.013 £0.004 0.22 £ 0.07 £ 0.02

LHCD [18] —0.080 £ 0.007 £0.003  0.27 £ 0.04 £ 0.01

HFLAV average [19] —0.082 = 0.006 0.26 4 0.04
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Time dependent
asymmetries for the
Km candidates using
OS-tagging (left) and

5S-tagging (right)

Time dependent
asymmetries for the
w candidates using
OS-tagging (left) and

SSc-tagging (right)
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Systematic uncertainties on the CPV parameters

Source of uncertainty Crtr- Sptn- Cg+r- Skg+k- A%EK_ Ag; Aglg_-,
Time-dependent efficiency 0.0011 0.0004 0.0020 0.0017  0.0778 0.0004 0.0002
Time-resolution calibration | 0.0014 0.0013 0.0108 0.0119  0.0051 0.0001 0.0001
Time-resolution model 0.0001 0.0005 0.0002 0.0002 0.0003 negligible negligible
Input parameters 0.0025 0.0024 0.0092  0.0107  0.0480 negligible 0.0001
OS-tagging calibration 0.0018 0.0021 0.0018 0.0019 0.0001 negligible negligible
SS K -tagging calibration — — 0.0061  0.0086  0.0004 — —
SSc-tagging calibration 0.0015 0.0017 — — — negligible negligible
Cross-feed time model 0.0075 0.0059 0.0022  0.0024  0.0003 0.0001 0.0001
Three-body bkg. 0.0070 0.0056  0.0044  0.0043  0.0304 0.0008 0.0043
Comb.-bkg. time model 0.0016 0.0016  0.0004  0.0002  0.0019 0.0001 0.0005
Signal mass model (reso.) 0.0027 0.0025 0.0015  0.0015  0.0023 0.0001 0.0041
Signal mass model (tails) 0.0007 0.0008 0.0013 0.0013 0.0016 negligible 0.0003
Comb.-bkg. mass model 0.0001  0.0003 0.0002  0.0002 0.0016 negligible 0.0001
PID asymmetry — — — — — 0.0025 0.0025
Detection asymmetry — — — — — 0.0014 0.0014
Total 0.0115 0.0095 0.0165 0.0191  0.0966 0.0030 0.0066

Correlations between statistical uncertainties on the CPV parameters

Crtr—  Sptn- Cg+rx- Skg+ir- A%EK_ Ag; Ag};
Cort e 1 0.448 —0.006 —0.009  0.000 —0.009  0.003
St e 1 —0.040 —0.006  0.000  0.008  0.000
Cre+x- 1 —0.014  0.025 0006  0.001
Skti- 1 0.028 —0.003  0.000
ARL 1 0.001  0.000
AB) 1 0.043
BO
Acp 1
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el (K n)

JHEP 03

(2018)140

Parameter

Value

Parameter

Value

Common parameters

Vector /Tensor (VT and TV)

¢ [rad]
A\

—0.10 £0.13 £0.14
1.035 £ 0.034 £ 0.089

Vector/Vector (VV)

Vv 0.067 4 0.004 + 0.024

Vv 0.208 £ 0.032 4 0.046

/Y 0.297 & 0.029 =4 0.042
5V‘) [rad] 240 +£0.11 £0.33
5% [rad] 2.62 +0.26 +0.64

Scalar/Vector (SV and VS)

oY 0.329 4 0.015 £ 0.071
Vs 0.133 £ 0.013 & 0.065
6V [rad] | —1.31 £0.10 £0.35
§V'5 [rad] 1.86 +0.11 +0.41
Scalar /Scalar (SS)

o3 0.225 + 0.010 £ 0.069
§°% [rad] 1.07 £0.10 =+ 0.40
Scalar /Tensor (ST and TS)

for 0.014 + 0.006 + 0.031

frs 0.025 4 0.007 £ 0.033
6°T [rad] | —2.3 £04 £1.7
675 [rad] | —0.10 £0.26 % 0.82
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o 0.160 4 0.016 4 0.049
VT 0.911 4 0.020 & 0.165
it 0.012 £ 0.008 £ 0.053
frv 0.036 4 0.014 4 0.048
v 0.62 +0.16 +0.25
f“TV 0.24 +0.10 +0.14
oyt [rad] | —2.06 +0.19 +1.17
6T [rad] | —1.8 £04 £1.0
5% rad] | =32 £03 £1.2
6ZV [rad] 1.91 +£0.30 £0.80
6TV [rad] 1.09 +0.19 +0.55
5H{V [rad] 0.2 +£04 +£1.1
Tensor /Tensor (TT)
A 0.011 £ 0.003 £ 0.007
I 0.25 +£0.14 +£0.18
f”ﬁT 0.17 £0.11 +0.14
T 0.30 £0.18 £0.21
f”? 0.015 4 0.033 £ 0.107
6Z T [rad] 1.3 +05 +1.8
oi ! [rad] 3.00 +0.29 +0.57
61T [rad] 26 +04 +£1.5
STT [rad] | 23 408 +1.7
017 [rad] 0.7 £0.6 +£1.3
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Introduction

The large matter/antimatter asymmetry in the Universe is inconsistent
with the small amount of CP violation seen in the SM:

Search for new sources of CPV
Diagrams including a loop can create sources of CPV when new heavy
particles enter the loop.

Charmless B decays can occur two ways:

- b —u transitions from tree diagrams

« b —s,d transitions from penguin diagrams
including loops

Due to the CKM matrix element|Vus| ,the size of

the amplitude of these two transitions is similar.

Within the SM, the relative weak phase difference

between these diagrams is given by 7cxMm

This allows for precision measurements of CPV.
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The CKM Matrix

Emmy Gabriel (UoE)

CPV in SM comes from the CKM matrix.

d S b
L= 3\ A AN (p—in)\ U
V= 5\ ~2 A |c
AN (1 —p—in) —AN? 1 t

Unitarity of the matrix gives the unitary
triangles with angles o, 3,7

Vud >I<b )
v = abs <_ IU>JI<
| Experimentally the least |
_knownangle

VCS CHE)
VisVi,

bs = abs (—

)

Determined from the |
b — cCSs mixing angle,|

¢cés
S

35 BEACH 2018



