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CKM angle vy

* For many years, least well measured Unitarity
Triangle angle; now entering precision
measurement era

= Can measure at tree level with B - DX decays
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= Exploit weak phase difference y between b - u and
b — c transitions

* Theoretically clean but room for NP
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= At LHCD, perform

* fime-integrated measurements
B~ - D®WK®= B0 5 pK*® B - DK*n~,B~ > DK™ m*m™  piessrios o
= GLW analysis (D — CP eigenstate)

PLB 253 483 (1991) PLB 265 172 (1991)

DK~

Favoured rpe'” . -
/ \ = ADS analysis (D — flavour specific)
B- PRL 78 3257 (1997) PRD 63 036005 (2001)

JoK~

k / = GGSZ analysis (D — multibody)
e DUK-

PRD 68 054018 (2003) PRD 70 072003 (2004)

rpe

= Dalitz analysis (B — multibody)

PRD 79 051301(R) (2009) PRD 80 092002 (2009)

* time-dependent measurements - see Simon Stemmle’s talk

BS? - Df[{i ’ BO - D in-i PRD 37 3186 (1988) ZPC 54 653 (1992) NPB 671 459 (2003)

= combination of LHCb y measurements
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The LHCb experiment

» Designed for study of particles containing b or ¢

= High precision tracking and vertexing
= Momentum resolution (0.5 — 1.0)%
» I[mpact parameter resolution (15 + 29 / py) um

* RICH detectors for hadron PID (K — m separation)
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GGSZ analysis of B-~— DK~,D — Koh*h™

= Determine y using D decay to three-body self-
conjugate K{n*tm™ or KKK~ final state

= One solution for y in [0, =]

= Requires knowledge of resonant structure of
D - KQhth~ decay across phase space

LHCb |
RUN2 -

AB+ X /Tf + TBei(SB-l_Y)Af

mXKor ) [GeV¥c*]

AB— 0.4 Af + T'Bei((SB_y)/Tf 1:_ 3

mXKom*) [GeVZ/c'| mXKom") [GeV¥c']

= Observables: x; = rgcos(dg +v), y+ = rgsin(dz + y)
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* Model-independent method: bin D decay phase
space according to DY — D° strong phase

difference

<

2N bins (i € [-N,N], i # 0)
i >0 form2 >m?2

= Yield in bin i

N‘|_Tl' = hB_ _Fii + (XE + y_Z)F$l + ZW/FiF—i(x—Cii iR Y—Sii)_
= (¢, s;) strong phase difference measurements from
C L E O _ C PRD 82 112006 (2010)

LHCD
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https://doi.org/10.1103/PhysRevD.82.112006
https://doi.org/10.1007/JHEP08(2018)176
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= Results with Run 2 data (2 fb'! at /s = 13 TeV):
x_=(9.0+17+0.7+0.4)x 1072
y_ = (2_1 + 29 + 0.5 + 1.1) X 10—2 First observation

of CP violation in

xp =(=77£19£07+£04)x107% | J o0,
v, =(—1.0+1.9+0.4+0.9) x107*

_H

IS . , ; : , .

0.1 LHCb ‘ -

Statistical
—0.1 . . .1 uncertainties
—0.1 0.1 only

2fblat+/s = 13 TeV T
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= Combine with Run 1 results (3 fbl at /s = 7,8
TeV) to give constraint on v:
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JHEP 10 (2014) 097
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LHCb-CONF-2018-002

Combination of LHCb measurements
= Combine tree-level LHCb y measurements:

LHCD

B decay D decay Method Ref. Dataset' Status since last
combination [3]

B — DK™ D — h*th~ GLW (14] Run 1 & 2 Minor update

BY — DK™ D — hth™ ADS [15] Run 1 As before

Bt — DK+ D — htr xtx~ GLW/ADS [15] Runl As before

BT — DK™ D — hth=n° GLW/ADS  [16] Run 1 As before

BT — DK™ D — KOhth~ GGSZ [17] Run 1 As before

B* — DK D — K2h*h GGSZ [18] Run 2 New

BT — DK™ D — K)K*rn~  GLS [19] Run1 As before

Bt — D*K™ D — hth™ GLW [14] Run 1 & 2 Minor update

Bt — DK** D — h*h~ GLW/ADS  [20] Run 1 & 2 Updated results

BT — DK*t D — htn~atn— GLW/ADS [20) Run1 & 2 New

Bt - DK*rxtns~ D — hth™ GLW/ADS [21] Runl As before

B — DK D —»K*tr~ ADS [22] Run 1 As before

B— DK*m~ D — h*™h~- GLW-Dalitz [23] Run 1 As before

B — DK*° D — Kdntrn~ GGSZ [24] Run 1 As before

B? —» DFK+* Df— h*h~nt  TD [25] Run 1 Updated results

B?— D¥g* Dt*— K*tgs—xt TD [26] Run 1 New — see Simon Stemmle’s talk

f Run 1 corresponds to an integrated luminosity of 3fb~! taken at centre-of-mass energies of 7 and

8 TeV. Run 2 corresponds to an integrated luminosity of 2fb~! taken at a centre-of-mass energy of

13 TeV.

* Frequentist appro

ach

= Auxiliary inputs from HFLAV, CLEO and LHCb
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2018-002.html
https://indico.cern.ch/event/743635/contributions/3151512/

LHCb-CONF-2018-002
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y (74.0 B 58) B Combin);tion
PRELIMINARY
= Most precise determination of y from a single
experiment

= World average: y = (73.5542)° .,

= Indirect constraints: y = (65.619)°
LHCD
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2018-002.html
http://www.slac.stanford.edu/xorg/hflav/triangle/latest/#gamma_comb
http://ckmfitter.in2p3.fr/www/results/plots_summer18/num/ckmEval_results_summer18.pdf

Outlook: exploiting existing data

= Run 2 updates
= B~ - DK~
= D> hth™ (ADS),D - h*n ntn~,D > h*h™n° D - KIK*n~
= B0 5> DK*9/ B° > DK*m~
= D> hth™,D > KJhth~
" B" > DK m'm

= D> h*th™
— o
= New possible decay modes Expect G(y)_(%
« B~ > DK ntn~, B~ > DK*~
= D> KOhth™
= B~ > D*h™

= D> KShth™, D - h*th™
= D> KK ntn~, D -» Kdntnn® ...
(+ time-dependent analyses)
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https://doi.org/10.1140/epjc/s10052-013-2373-2

Outlook: future data

Current LHCb LHCb Upgrade la LHCb Upgrade Ib LHCb Upgrade Il
L . R 4 L * ¢ 2
3 fbt 5 fb-! 50 fbl 300 fbl
2011-12 2015-18 2021-23 2026-29 2031-
Run 1 Run 2 Run 3 Run 4 Run 5
< R >
LHC HL-LHC
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Outlook: future data

Current LHCb LHCb Upgrade la LHCb Upgrade Ib LHCb Upgrade Il
* ¢ o > o * o *
Belle Il
2011-12 2015-18 2021-23 2026-29 2031-
Run 1 Run 2 Run 3 Run 4 Run 5
o= o1 % x  LHCh \ l
E +  World Average O-(]/) — 40 O-(y) — 0'90
© x EPJ C 73 (2013) 2373 EPJ C 73 (2013) 2373
1- :
o(y) =1.5° o(y) = 0.35°
0.1 : 7 =0 300 (Be”e 1 similar) arXiv:1808.08865
arXiv:1808.08865 Integrated Luminosity [fb™!] arXiv:1808.08865

arXiv:1808.10567

LHCD
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https://doi.org/10.1140/epjc/s10052-013-2373-2
https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/1808.08865
https://arxiv.org/abs/1808.08865
https://doi.org/10.1140/epjc/s10052-013-2373-2
https://arxiv.org/abs/1808.08865

= Expect main experimental systematic uncertainties

to scale with data/simulation sample sizes

* Production/instrumentation asymmetries

= Understanding of backgrounds/control modes and
simulation

» For GGS/Z, uncertainties from CLEO-c (¢, s;) Inputs
will become limiting in upgrade era (o(y) ~ 2°)

— 07, e = Ongoing cooperation between
G o o BESIII and LHCb to measure
o (c;, s;) and other charm inputs

1+ BESIII-LHCb workshop 2018

= Constrain with other decay

x  With VN improvement 0 S
+  With current CLEO ¢;. s; mOdeS e'g . B — DK /A y D —
0.1 7 3 0 300 K .S(') T + T PRD 97 056002 (2018)
. ity =l
ArXiv:1808.08865 Integrated Luminosity [fb™']
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https://indico.ihep.ac.cn/event/7249/
https://doi.org/10.1103/PhysRevD.97.056002
https://arxiv.org/abs/1808.08865

Outlook: further sensitivity gains

= New possible decay modes?
= High multiplicity B and D decay modes

= Modes with neutrals, e.g. D - K{n° (Upgrade Ib
onwards)

= v from B, or b-baryons

= New strategies?

= Model-independent unbinned (Fourier analysis) GGSZ
approaCh EPJC (2018) 78:121

= Unified approach — simultaneous GLW/ADS/GGSZ

arXiv:1804.05597
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https://doi.org/10.1140/epjc/s10052-018-5599-1
https://arxiv.org/abs/1804.05597

Conclusions

= Combination of LHCDb results, including new GGSZ
measurement, gives most precise determination of
y from a single experiment

y = (74.0%53)°

PRELIMINARY

= Coming soon:
= Further updates including Run 2 data set
= Studies of new decay modes

Now entering era of precision y measurement
= EXpect g(y) = 1.5°1n 2025; a(y) = 0.35° with LHCDb
Upgrade Il
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Backup:
GGSZ analysis of B-~» DK~,D —» Keh*h~
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Combination of LHCb measurements

| B aC k u p : LHCb-CONF-2018-002

0.2 ' | ' | T 5 ' T ' T T
Q + + —_— B + +
[ 1 GLW/ADS B"™—DK [ 1 GLW/ADS B"™—DK
=~ I GGSZ B*—DK* Run 1 E;E% S <200 ) GGSZ B*>DK* Run 1 E;EEB 7
0.15 == GGSZ B*—DK* Run 2 B 0 | [ GGSZ B*—DK* Run 2 _
I & ‘. ﬂ - 150 —
0.1+ — i |
i | 100 — @ @ _
0.05 I 50 —
O ! | 1 | 1 | 1 0 1 | 1 | 1 |
0 50 100 150 o 0 50 100 150 o
7 [°] 7 [°]

Susan Haines


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2018-002.html

