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The Unitary Triangle angle y THES

* The CKM matrix can be parameterised to have a single irreducible complex phase, which
is the only known source of CP violation within the quark sector:

1—22/2 A AR —in)
VCKM — —/1 1-— AZ/Z AAZ + 0(/14)
AB(A—p—in) AN 1
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The Unitary Triangle angle y THES

* The CKM matrix can be parameterised to have a single irreducible complex phase, which
is the only known source of CP violation within the quark sector:

1—22/2 A AX(p —in)
VCKM — —/1 1 — AZ/Z AAZ + 0(/14)
A/13(1 —p —in) AA? 1
. . ( VudVJb)
* The unitary triangle angley = arg | ———
VedVep

» No top coupling

» No need for box/loop processes

» Time independent measurements at tree level!

» Particularly clean (assuming no enters NP at tree-level)
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The Unitary Triangle angle y THES

* The CKM matrix can be parameterised to have a single irreducible complex phase, which
is the only known source of CP violation within the quark sector:

Verm = 1 - /12 j2 A ') + OO
A/13(1 —p—in) AN?

VudV‘;b)
VeaVep

* The unitary triangle angle y = arg (—

To O(A3), phase only exists in V,,:
access y using b = u interfering with
b — c transition

» No top coupling
» No need for box/loop processes

» Time independent measurements at tree level!
» Particularly clean (assuming no enters NP at tree-level)

A
> B — DXS:7Y~ 10~7 [HEPO1(2014)051]
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Accessing Y with B — DX decays

B=B"/B° f(D)X

/ \
\ /
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Accessing Y with B — DX decays

BTB el(aB v \
* b — u transition in B = DX suppressed w.r.t. b = ¢ transitionin B - D°X
« 2 possible paths with amplitude ratio 74, CP conserving phase §& and CP violating phase y

B=B"/B° f(D)X
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Accessing Y with B — DX decays

BTB el(aB v \
* b — u transition in B = DX suppressed w.r.t. b = ¢ transitionin B - D°X
« 2 possible paths with amplitude ratio 74, CP conserving phase §& and CP violating phase y

B=B"/B° f(D)X

* y CP violates — changes sign under charge conjugation
* Look for differences in decay rates (I « |Y; 4;1%) of B~(BY) and B* (B°) mesons
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Accessing Y with B — DX decays

BTB el(aB v \
* b — u transition in B = DX suppressed w.r.t. b = ¢ transitionin B - D°X
« 2 possible paths with amplitude ratio 74, CP conserving phase §& and CP violating phase y

B=B"/B° f(D)X

* y CP violates — changes sign under charge conjugation
* Look for differences in decay rates (I « |Y; 4;1%) of B~(BY) and B* (B°) mesons

« Different decay modes have different 73, 83, but the same !
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Final states accessible to both D® and D"

* There are several classes of analysis, depending on the final state the D meson is
reconstructed in:

1. GLW: D - KK, nmr, i, KK, mmm© (phys. Lett. B253 (1991) 483) — CP or CP-like eigenstates
2. ADS:D — K, K7, mKm® (phys. Lett. D63 (2001) 036005] — CF or DCS final state
3. GGSZ:D — K21m, KIKK iphys. Lett. D68 (2003) 054018] — 3-body final state

4. GLS: D - KSOKT[ [Phys. Lett. D67 (2003) 071301] — SCS final state
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B~ - [K2hth™]p K~ (h = n/K): the GGSZ Method

rDK BRICT-AEY DOK

\ OK_/

[KOhth™|pK~
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B~ - [K2hth™]p K~ (h = n/K): the GGSZ Method

e D = DY/DY decaying to the same final state have
different amplitudes and strong phases

 3-body D decay —» measure BT and B~ yields in
Dalitz bins, with axes m3 = m?(K2, h*)

* Strong phase difference, Adp = 0p, — Op, varies
across the Dalitz plane
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B~ - [K2hth™]p K~ (h = n/K): the GGSZ Method

DK 1(5

e D = DY/DY decaying to the same final state have
different amplitudes and strong phases

D°K

m2 [GeV* ¢4

 3-body D decay —» measure BT and B~ yields in
Dalitz bins, with axes m3 = m?(K2, h*)

* Strong phase difference, Adp = 0p, — Op, varies

across the Dalitz plane
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Time-integrated measurements of the UT angle y
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[KOhth™]

[JHEP 08 (2018) 176]
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B~ - [K2hth™]p K~ (h = n/K): the GGSZ Method

DK 1(5

/
\ o

e D = DY/DY decaying to the same final state have
different amplitudes and strong phases

OK— _lgD

m2 [GeV* ¢4

 3-body D decay —» measure BT and B~ yields in
Dalitz bins, with axes m3 = m?(K2, h*)

* Strong phase difference, Adp = 0p, — Op, varies

across the Dalitz plane
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\

[KOhth™]

[JHEP 08 (2018) 176]

D; sits on one side of the y = x axis of
symmetry, D; on the other

Time-integrated measurements of the UT angle y
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m2 [GeV?/c4]
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IBin numberl
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The model independent GGSZ method

* Look for differences between B* and B~ yields in each bin +i:

Ni; ¢ Fyp+ (x2 + y2)Fr; + 24 FiF_j(x_c4i + Y-S+
Ni; o Fri + (x5 + y2)Fyi + 2\ FiF_j (x4 Cqi — Y454i)
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The model independent GGSZ method

* Look for differences between B* and B~ yields in each bin +i:

Ny < Fyy+ (2 4+ y2)Fg + 2 FiF_j(x_cq; + y-541)
N o Frp + (xF + y§)Fay + 23 FF_ (x4 Co — Y454)

C fl |A5i||ADi| Cos[aﬁi - 5Di] \
[

U sl 1

C+i/S+;: strong phase
information from
CLEO-c measurements

_ : _ PR: 82:112006
B fl |ADi||ADi| Sm[dDi B 6Di] [ ]

\/fz |A5i|2 fl |ADi|2

i
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The model independent GGSZ method

* Look for differences between B* and B~ yields in each bin +i:

Ny < Fyj 4+ (2 4+ y2)Fy + 24 FiF_j(x_cq; + y-541)
Ni; o Fi 4+ (xf + y5)Fei + 2\ FiF_ (x4 — Y4541)

F,;: Fractional yield of C+i/S+i: strong phase
flavour tagged D in bin +i information from
CLEO-c measurements
Measured using control channel: [PR: 82:112006]

B® - D**u v, X
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The model independent GGSZ method

* Look for differences between B* and B~ yields in each bin +i:

F,;: Fractional yield of
flavour tagged D in bin +i

Measured using control channel:

Alexandra Rollings

Ny < Fyj 4+ (2 4+ y2)Fy + 24 FiF_j(x_cq; + y-541)
Nii o Fri 4+ (x5 + y3)Faei + 2\ FiF_ (x4 — Y4541)

B® - D**u v, X

CP violating parameters: C+i/S+;: strong phase

information from
X+ = TEI:)K cos(6gty) CLEO-c measurements
Vi = ré)K sin(8g1y) [PR: 82:112006]

Time-integrated measurements of the UT angle y
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Asymmetry in Dalitz bins prep o8 (2018) 176]

* Analysis used 2015 + 2016 data (= 2 fb?)

e Compare B~ yields in bin +i to B yields in bin —i (reflection in Dalitz axis of symmetry)

B — D(— Kntn K Bin: +4 B*— D(— Kmtn )K* Bin: -4

S 4A0F S 4A0F

RS 2

S LHCb SN . LHCb

S 30F S 30F — B'—>DK~

0 - " - —— B*>Dr*

T 20f 1 TTITRFTTAY e Combinatorial

5 reights o Viantont | 5 ol - Bbkg.

% 10 8 ' 5 OEN o W e Part. reco.

< = -

< <

@) 0 g e @) o ELLEu i

5200 5400 5600 5800 5200 5400 5600 5800
m(DK ") [MeV/c?] m(DK™*) [MeV/c?]
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e 16 bins for BT and B~ means 32
observables to measure 4

parameters

e Over-constrained system
removes ambiguities present in

single-mode analyses
(ADS/GLW)

* Opening angle between (x,,y.,)
and (x_,y_) givesy = (87112

Alexandra Rollings

_H

0.1

—0.1

BT - DK* GGSZ results JHEP 08 (2018) 176]

I I
LHCb

\
(X4, YV4) !

Phase = (65 + V)

Time-integrated measurements of the UT angle y



y Combination at LHCb [LHCb-CONF-2018-002]

* The GGSZ results for (x4, y+) is combined with many other LHCb results to extract a
combined value of y

* The world average is currently dominated by the LHCb 2018 combination: y = (74.0i§:g

> Combined result obtained by minimising a global y? calculation
» Uncertainties calculated with a pseudo-experiment approach (Plugin method)
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y Combination at LHCb [LHCb-CONF-2018-002]

* The GGSZ results for (x4, y+) is combined with many other LHCb results to extract a
combined value of y

* The world average is currently dominated by the LHCb 2018 combination: y = (74.0t§;g)

> Combined result obtained by minimising a global y? calculation
» Uncertainties calculated with a pseudo-experiment approach (Plugin method)

B~ - DK~ ADS & GLS
e B~ > DK™m mt GLW & ADS
« B° - DK*? ADS & GGSZ
« BY 5 DK*m~ GLW-Dalitz
o 0 + 7+

BSO - DS_FK:L e } Sevda’s talk

e B > D™ TD

Run 1 & Run 2 (2015 + 2016): e 3fblofdataat+/s=7/8TeV e B~ > DK™ GLW & GGSZ

o 2fblofdataat+/s=13TeV e B~ > DK~ GLW

e B~ > DK* GLW & ADS

Run 1: e 3fblofdataat+/s=7/8TeV
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y Combination at LHCb [LHCb-CONF-2018-002]

* The GGSZ results for (x4, y+) is combined with many other LHCb results to extract a
combined value of y

* The world average is currently dominated by the LHCb 2018 combination: y = (74.0t§;g)

> Combined result obtained by minimising a global y? calculation
» Uncertainties calculated with a pseudo-experiment approach (Plugin method)

Run 1: e 3fblofdataat+/s=7/8TeV e B~ - DK~ ADS & GLS
e B~ > DK*m~mt GLW & ADS

2017 + 2018 data not yet in the « BY > DK*° ADS & GGSZ

combination. Some way from the « BY - DK*m~ GLW-Dalitz
full Runl & Run2 y result « BY > DIK*TD
| « B> D*rT 1D

Run 1 & Run 2 (2015 + 2016): e 3fblofdataat+/s=7/8TeV e B~ > DK~ GLW & GGSZ

e 2fblofdataat+/s=13TeV e B~ > DK~ GLW

* B™ - DK* GLW & ADS
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y Combination at LHCb [LHCb-CONF-2018-002]

 The combination is currently dominated by analyses of B~ decays; increasing focus on
developing analyses of B (next) and BY mesons (TD):

—

T

|

Alexandra Rollings

|
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LHCD -

Preliminary _|

150
y [°]

Time-integrated measurements of the UT angle y

B BY decays
- B’ decays
B B* decays
B Combination
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B? - DK*° decays

DOK*O

/ \
\_ /

DOK*O
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B? - DK*° decays

* . *0
ABT'I?K Oel(Sng _]/)

e

B° FDIK

A\_ -

B DOK*0

DOK*O

* Both paths are colour suppressed — larger rg than in B~ decays:

u _
S K b > > C Do
_ Veo 0]
b —— > c b N
Favoured b — c: B Vep DO _ _ K*°
u <« u d < d
rPK~ 0.1 rPK°~ 0.3
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B? - DK*° decays

* . *0
DK™ ,i(65" " ~V)

ABTB/' DOK*O AD
Ap DOK*® " A rpe-ion

« D = D%/D? decaying 2/4-body final states with amplitude ratio 7, and phase difference 6,
e 2 possible paths proceed at a similar rate — larger interference effect
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The ADS Method

e 2-body: D° - K*n~, D® - K*m~ and charge conjugates
e Former is doubly-Cabibbo suppressed w.r.t. the latter (rp~0.06)

* Look for differences in decay rates (I' « |},; 4;]|%) of B® and B® mesons:

* 2 * *
[(B® - DK*®) o 13 + 2% + 2irprfX” cos(68%™° + 6 +v)

_ _ 02 . .
[(B® - DK*) o 1 + r2X"" + 2ierpr2X™ cos(62%™° + 6, — y)
\ }

!

Smaller ADS asymmetries thanin B~ —- DK™
interference terms enhanced when rp ~ 1
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The ADS Method

e 2-body: D° - K*n~, D® - K*m~ and charge conjugates
e Former is doubly-Cabibbo suppressed w.r.t. the latter (rp~0.06)

* Look for differences in decay rates (I' « |},; 4;]|%) of B® and B® mesons:

* 2 * *
[(B® - DK*®) o 13 + 2% + 2irprfX” cos(68%™° + 6 +v)

_ _ 02 . .
[(B® - DK*) o 1 + r2X"" + 2ierpr2X™ cos(62%™° + 6, — y)
\ }

!

Smaller ADS asymmetries thanin B~ —- DK™
interference terms enhanced when rp ~ 1

 Coherence factor, i, accounts for non-K*° contributions to B® - DK*m~

« k= 0.958%3992 (prD 93 (2016) 112018]
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The ADS Method

e 2-body: D° - K*n~, D® - K*m~ and charge conjugates
e Former is doubly-Cabibbo suppressed w.r.t. the latter (rp~0.06)

* Look for differences in decay rates (I' « |},; 4;]|%) of B® and B® mesons:

* 2 * *
[(B® - DK*®) o 13 + 2% + 2irprfX” cos(68%™° + 6 +v)

_ _ 02 . .
[(B® - DK*) o 1 + r2X"" + 2ierpr2X™ cos(62%™° + 6, — y)

e Measure ratios of the suppressed decay to their favoured counterparts:

wx _ L(B° = [m"K*]pK™) —
- T'(B° K—m7t1~K*O
( 0 ol +n_]D *0) —  RTX # R™® — (P violation!
RTL’K_F(B _)[T[ K ]DK )
¥ ['(B® -» [K*n~]pK*®) —
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Time-integrated measurements of the UT angle y

R™ = 0.095 + 0.021 =+ 0.003
RT¥ = 0.064 + 0.021 + 0.002

e 2011-2016 data (= 5 fbl)
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Suppressed yield =47 £ 15

Time-integrated measurements of the UT angle y

R™ = 0.095 + 0.021 =+ 0.003
RT¥ = 0.064 + 0.021 + 0.002

e 2011-2016 data (= 5 fbl)

e Suppressed mode significance:
5.80 - first observation!
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—e— Data
— Fit

I Combinatorial
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I B'>Dntn

5300

Time-integrated measurements of the UT angle y

5320

R™ = 0.095 + 0.021 =+ 0.003
RT¥ = 0.064 + 0.021 + 0.002

2011-2016 data (=5 fb1)

Suppressed mode significance:
5.80 - first observation!
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4-body: coherence factor k3™

enters as a pre-factor to the
inte rfe rence te M [PLB 757 (2016) 520].

Different rK3” and 653”

2011-2016 data (= 5 fb1)
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Different rK3” and 653”

2011-2016 data (= 5 fb1)

Suppressed mode significance:
4.40
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The GLW Method Yﬁ(}'g)

 2-body: D meson reconstructed in CP-even final statesD - K¥K~and D - wtm™
* Ip = 1, 5D = 0!

* 2 * *
[(B® —» DK*) o< 14+ 12K + 2irfX” cos(68%™° +y)

_ _ 02 . .
[(B® - DK*) o< 14+ 12X 4 2irPX"™ cos (625 —y)
\ }

|

Expect larger interference effect thanin B~ - DK~

*0
rgk

decays as is closerto 1
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The GLW Method

 2-body: D meson reconstructed in CP-even final statesD - K¥K~and D - wtm™
* Ip = 1, 5D = 0!

[(B® > DK*®) o« 1+ X" + 2kr2X”° cos(82K° + )

[(B° > DK*) o 1 + rPX™ g 2krPK"™ cos(c?DK*O —-7)

* Build up asymmetries and ratios:

_ I(B°>[h*h1pK*°)-T(B°>[h*h~]pK*°)

N r(§0—>[h+h—]DE*0)+r(BO—>[h+h—]DK*O)
['(B°>[h*h~]pK*®)+T(B°>[hth~]pK*?) XBT(D°—>K‘7I+)
r(30—>[1< 7T+]DK*0)+F(BO—>[K+7T 1pK*©) " BF(DO—>hth-)

hh
Acp

RCP -
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Time-integrated measurements of the UT angle y

2011-2016 data (= 5 fb1)

AKX = —0.0540.10 + 0.01
RXX =0.92 +0.10 + 0.02

T — _0.18 + 0.14 + 0.01
1T — 1.32 + 0.19 + 0.03
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% D i s D 3
2 — Fit E 2 40 LHCb h — Fit E
= [ C(())mbinatorial E > 35 Il Combinatorial
O —B DK - © 30 —B»DK’ 3
= 0T TR B —BoDKY
E mraoxe 3 8% 3
= BN B;—»D K 3 s 15 BB —->DK E
% W B°>Dntn E = 10 I B >Drtn E
-0 H*=%() 3 o 0 %0 3

C% B —>D K 3 % B"—>D K 3
O s 3 @) tast o 3

5000 5200 5400 5800 5800 5000 5200 5400 5600 5800

m([nnnn] K ) [MeV/c?] m([nnnn] K ) [MeV/c?]

* 4-body: extend method to quasi-GLW mode by reconstructing the D meson in the final state D —
ntn i~
* Interference term acquires pre-factor (2F{™ — 1), where F{™ is the fractional CP-even content of
the decay [JHEP 01 (2018) 144]

e Using 2015 + 2016 (= 2 fb'!) data only
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BY - DK*®D - wrm~ mT ™ results [LHCb-PAPER-2019-021] — NEW!

Yield=32+7 Yield=35%8

3 —— Data -i (E 45 —— Data _;
o — Fit E > 40f LHCD h — Fit ¥
> N Comblnatonal = > 35 ] I Combinatorial -3
\© — B DK™ 3 © 30 — B'>DK™ =
- — B'5DE® 3 ~ 25 — B,—>DK" 3
% Bl B >DK ntnm S % 20 Bl B DK
=i B BISD'K? = = 15 BB SDKC 3
% I BO—)DTE T3 g 10 I BO—>Dn T 3
() 3 0 *xr*0 =

= B'>D'K E = B° DK E
@) o @) tast o 3

5000 5200 5400 5600 5800 5000 5200 5400 5*600 5800
m([rnnn] K ) [MeV/c2] m([nnnn] K ) [MeV/c?]
e 4- body extend method to quasi-GLW mode by reconstructing the D meson in the final state D —

ntn ntn”

* Interference term acquires pre-factor (2F{™ — 1), where F{™ is the fractional CP-even content of
the decay [JHEP 01 (2018) 144]

e Using 2015 + 2016 (= 2 fb'!) data only AR = —0.03 4 0.15 £+ 0.01
« Significance 8.4¢ — first observation! R{E = 1.01 4 0.16 £ 0.04
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B°% > DK*Y Results [LHCb-PAPER-2019-021] — NEW!

* Two solutionsinthey — EK*Ospace are compatible with current LHCb measurement

* No strong y constraint as no significant CP violation observed

- Combine the measurements to obtain: r2X" = 0.265 + 0.023

* The uncertainty has been halved compared to the previous measurement

Contours contain the 68.3%, 95.5% and 99.7% C.L. Contours contain the 68.3%, 95.5% and 99.7% C.L.
° 350 ¢ o350 )
: - : (-
*% 300} LHCb % 300} LHCb
250- 2501
§ T — ¥
200F @ 200
- N -
150 1501~
1005 G 100F
50 50
- - (/\
Ok—tllllllllllllll lk:t:‘rf\lll&llllllllll Okllllllllllllllllllll\l‘>llllllllllll
20 40 60 80 100 120 140 160 18( 0 005 0.101502025 0303504
y [°] rPK”
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B°% > DK*Y Results [LHCb-PAPER-2019-021] — NEW!

: : +0 . .
* Two solutionsinthey — 5DK space are compatible with current LHCb measurement
* No strong y constraint as no significant CP violation observed

» Combine the measurements to obtain: 72X = 0.265 + 0.023

* The uncertainty has been halved compared to the previous measurement

Contours contain the 68.3%, 95.5% and 99.7% C.L. Contours contain the 68.3%, 95.5% and 99.7% C.L.
6_350F L-) 6_350F Q-/'/
o Com(l)ome W|tPOGGSZ analysis % s LHCb ¢ s LHCb
of B¥ - DK S @ @ © f
) 250F 250
» GLW/ADS has higher stats - ! . i
. %0 200 200
more precise r5X : - [
» GGSZ has lower stats but 150F 150¢
removes degeneracy in 100} < 100f-
*0 B B
— 8" “space 50F 50F
:—L Ll I L1l l L1 1 l 111 1 1 ktExl 1 l - l L1l l 111 O: l l l
20 40 60 80 100 120 140 160 [1053( 0 005 0.1 01502 025 03 0350251
14 I'g
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Summary

* The y world average is dominated by the 2018 LHCb combination (74.0f§:g)

* New inputs from the ADS/GLW analysis of B - DK*? will be added soon, where the
has been halved

: 0
uncertainty on roX

e Reduce width of

Alexandra Rollings

[LHCb-CONF-2018-002]

I-CL

0.8}
0.6
041

0.2}

0 50

Time-integrated measurements of the UT angle y

100

LHCbD -

Preliminary _|

B BY decays
B’ decays

I B decays
B Combination
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Summary

» The y world average is dominated by the 2018 LHCb combination (74.0%2:3

* New inputs from the ADS/GLW analysis of B - DK*? will be added soon, where the

° *0
uncertainty on r5% ~ has been halved

e Reduce width of !
[LHCbh-CONF-2018-002]

* Future prospects for y precision at LHCb:

« 4" with Run 2 data (~ 9 fb1)
[arXiv:1709.10308v5]

 1.5° by the end of Run 3 (~ 22 fb'L, 2024) 0o
[arXiv:1709.10308v5]

LHCbD -

Preliminary _|

I-CL

0.8}

04
e < 1° by the end Of Run 4 (~ 50 fb-ll 2029) E ........... E
[arXiv:1709.10308v5] 02 - i
e ~0.4"in Phase 2 upgrade (~ 300 fb1, 2034) O; ........... ]
0 50 100 150
[CERN-LHCC-2017-003] y [o]

Thank you!
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I B decays
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Back Up
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Measuring y using tree and loop-level decays

[http://ckmfitter.in2p3.fr]
T T | T T T | T T T

. . 0.7 T T T T L LY /4 ]
* No top quark; accessible via tree- = ' Amg& Am, KM -
0.6 4 Y Am, € Lilter T
level decays of B mesons = —
. 1 — +5.4Y) 05 5" sin 2 —
y -_ (72-1_57 E % B (Sgi.c‘lh.l/a(;ogLZES.gS) E
* Theoretically clean = EE Ay, E
0.3 — S . | -
— o _
0.2 —
04 =
o if B 0

0.0 PR T A I T T L I T T P T T R TR SR A N
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

ol
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Measuring y using tree and loop-level decays

o [http://ckmfitter.in2p3.fr]
. ——

* No top quark; accessible via tree- = , SR -
- < fi r

level decays of B mesons Y E® e
. +5.4Y) 05 35 =
Y = (72'1—5.7 o .

* Theoretically clean = EE Yy, E
03 —

— o _

0.2 —]

04 =

Y B -

0.0 PR R T N T R L Loy PR S T N TR TR N A N T S

-04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

ol
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Measuring y using tree and loop-level decays

[http://ckmfitter.in2p3.fr]
——

. . 0.7 —— T L BN ]

* No top quark; accessible via = ' Amy& Am, KM -
= A € itter -

level decays of B mesons = Yy “ e

. 1 — +5.4Y 05 5 gin 2 —

y = (72.123 = B e et

* Theoretically clean = E3 E
 (p,7) apex can be constrain = . E
using loop-level decays 02 - 3

* vy = (65.641337) 01 |- B g

— Y d

00 C PR I R ! L I T SN T SR S S AN ST S T A MR S

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

ol
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Measuring y using tree and loop-level decays

[http://ckmfitter.in2p3.fr]
—

. . 0.7 ——— —— e B -

* No top quark; accessible via tree- = ' Amy & Am, N -
level decays of B mesons = Yy « e

- y= (721123 CEE T apeeaie

° 1 0.4 :_é _:
Theoretically clean = E3 -

* (p,7) apex can be constrained = § E
using loop-level decays 02 - 3

* y = (65.641337) 01 |- B =

— | Y d

00 C PR I R ! L I T SN T SR S S AN ST S T A MR S
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

p

* Aim: reduce uncertainty on tree-level measurement in order to verify compatibility or
disagreement

 Method: combine interference from measurements of CP-violating observables from
many tree-level B decays
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B~ - [K2hth™]p, K~ : the GGSZ Method

* Strong phase difference, A6p= 65 — 8p varies across o 2
. 2.0 1 !
the Dalitz plane: . S
D 15- =
* sy =m5i =m*(KQ,h*) . .

0.5 1

0.5 1.0 1.5 2.0 2.5

* Binning schemes chosen to optimize statistical sensitivity to y:

© B © B
2 = < 1.8 E
> £ s =
[5) = 5}
O é <) é
(\T o IS 2 5
s = =16 =
D - Kn*tm: D KJK*K™: |
12
0.5 1 1.5 2 2.5 1 12 1.4 16 1.8
m2 [GeV?/c4] m?2 [GeV?/c4]
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B* - DK* GGSZ analysis pHep os (2018) 176)

e An invariant mass fit to the full Dalitz plane (K{h*h™):

(¥
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;
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 Likelihood contours for combination with Run 1 analysis [JHEP 10 (2014) 97]:
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Potential biases on ¥ (amxiv:1904.01129]

e B* > [KOnth™|pK~

T

Neutral kaon CPV (o< € =~ 1073) - source of bias?

* Grossman & Savastio estimated impact on y measurements in global asymmetry
measurements [arXiv:1311.3575]

. A_=0(E)z4°

14 LW
e Further studies have been performed by Bjgrn & Malde
* For Dalitz-plot-based approach of BY — [Kdn*m~]pK~ decays
* Including kaon material interaction (oc Ty = 10‘3)
* Bias is estimated for LHCb and Belle |l
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Potential biases on ¥ (amxiv:1904.01129]

LHCb LL LHCb DD Belle 11

50 60 70 80O 90 50 60 70 80 90 50 60 70 80 90
Yo [deg] Yo [deg] Yo [deg]

—— All effects === Neutral kaon CPV only  ===-- Mat. int. only
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B? - DK*° 4-body Modes

¢ kKT = 043917
. r£3™ = 0.0549 + 0.006

SR = (12828,)°

Fi™ =0.769 + 0.023

Alexandra Rollings

Measured using studies of charm mixing and quantum
correlated D-meson decays [PLB 757 (2016) 520]

Measured using quantum correlated D-meson decays
[JHEP 01 (2018) 144]

Time-integrated measurements of the UT angle y
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Invariant Mass Fit Model [LHCb-PAPER-2019-021]

0 +o - %0 - *
Favoured B™ — [K"m™|pK Suppressed BY —» [rtK~ K™
‘/\':300 1 '_.'_D'tl _; C/\l: 1 '_.'_D'tl E
> 550f. LHCD Bl E > 600 LHCb Rl E
> ﬁ I Combinatorial § > 500 ﬂ I Combinatorial _;
<150 — B—>DK = g — B,—DK .
% [ E;“ —DK*'mnt ] % 300 [ E; —DK*'mnt 3
= 100 ] B8—>D*K*0 = 5200 ] B8—>D*K*O E
= M B"—>»Drtn ] = M B"—>»Drtn .
2 50 BSDK® =100 BSD'K® 2
@) . ] O N
5000 5200 5400 5*600 5800 5000 5200 5400 5*600 5800
m([Kn] K™) [MeV/c?] m([nK] K"°) [MeV/c?]
Fit components: 4. (part reco)
1. Signal B® - DK*Y 5. BY - D*K*Y (part reco)
2. BY - DK*° 6. BY - DK*n n* (partreco)
3. Combinatorial background 7. BY = Dmtm~ (mis-ID)
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Observables

+0 %0
o Ao = 2krE% " sin 6RK " siny

CP — Rcp

2
+0 +0 +0
* Rep =1+ (1B%7) + 2krf®  cos 65X cosy
*0 *0

. 4 _R_-Ry 2Kk K™ sin(6BK T +6K™) siny

ADS — _ %0\ 2 2 * %

R_+R, (TEK 0) +(rE™) "+ 2KrRX Or{){” cos(65% 0+5§”) cosy
. R_+Ry _ (rgK ) +(rf™) + 2krPE K™ cos(68K T +85™) cosy
Raps = —— =

%0 2 %0 %0
1+(r£K +r§”) + 2k K K™ cos(65K T +68™) cos y
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Summary of Results [LHcb-PAPER-2019-021]

7% =—-0.18+0.14 £ 0.01
R} =1.3240.19 £ 0.03
A¥K = —0.0540.10 + 0.01

REK = 0.92 + 0.10 + 0.02
AFF = —0.03 £ 0.15 + 0.01
R{E =1.01+ 0.16 + 0.04
ATK. = 0.19 + 0.19 + 0.01

R7X< =0.080 + 0.015 + 0.002
ATKTT = —0.01 + 0.24 + 0.01
RFKT™ = 0.073 + 0.018 £ 0.002

The dominant systematics are:
* Acp: Production and detection asymmetry corrections
* Rcp: Branching fraction normalisation, selection efficiency correction

* Ajps & Ryps: Fixed parameters in invariant mass fit
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