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Neutral meson mixing

» Oscillation and decay description:

Z_( By (1)) )_(Mn—z 2
|B (t)> M12 2 M22 _ Z% Q( )>
W+
» Mass eigenstates are superpositions of = < «—F
flavour eigenstates: ¢ TN _
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Measuring CP violation in mixing * Flavour speifi

_ —  decays
Measurements using semileptonic b-hadron decays p !

Via W V5 2 Vc
0 :: CA
B m CY ~ @ Ds)(D(s))

P(B — B) # P(B < B)

Charge asymmetry <«
~ _|_ o —
» Large branching fractions, Aons = N(,u ) N(,u )
systematics are the real challenge N(N+) + N(:u_)

»  Theoretical uncertainties Including CP-Violation and experimental effects

controllable
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Current experimental status
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https://arxiv.org/abs/1409.8586
https://arxiv.org/abs/1605.09768
https://arxiv.org/pdf/1511.09466.pdf
https://arxiv.org/pdf/1612.07233.pdf
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https://arxiv.org/pdf/1603.07770.pdf
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B-factory measurements

final state 1

Possible to reconstruct the
semileptonic decays, or measure
the di-lepton charge asymmetry
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Phys. Rev. Lett. 117, 061803 (2016)

(just more recent/precise results)


https://arxiv.org/pdf/1612.07233.pdf
https://arxiv.org/pdf/1305.1575.pdf
https://arxiv.org/pdf/1411.1842.pdf
https://arxiv.org/pdf/hep-ex/0505017.pdf
https://arxiv.org/abs/1605.09768
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Measurements @LHCh

» CPVin neutral meson mixing studied by measuring the semileptonic asymmetries

. T(By,—B,—f)-T(B,—»B;,—~[) ¢ e
sl = I'(B, » B, — f)+T(B; = B, — f) Im(Mz/T7,)

» LHCb measured the untagged charge asymmetry of the final state particles

B cos(AM,t)
A?r,i\eas (t) T F(f, t) ( : ) T COSh(APqt/Q)
Charge asymmetry CP-Violation h-hadron production

, Detection
» Challenges: disentangle CP

asymmetry from detector effects,
control physics backgrounds
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Measurements @LHCh

» LHCb measured the untagged charge asymmetry of the final state particles

relevant for slow
B q E-. ................... ; .............................. E oscillations
F t _F t a E a COS AM t ?...............E
A?nea,s(t) _ (f7 ) (f;7 ) _ sl + ADE— (A% 4+ sl) ( q ) :
D(f,t)+T'(f, 1) 2 E 2 7 cosh(Al'4t/2) ;
.................................................... ;
Decay time integrated charge asymmetry Decay time dependent charge asymmetry
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Phys. Rev. Lett. 117, 061803 (2016) Phys. Rev. Lett. 114, 041601 (2015)



https://arxiv.org/abs/1409.8586
https://arxiv.org/abs/1605.09768
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Detection asymmetries

. . . € — €
» Detection/reconstruction asymmetry of the final state Ap = (f) (f;)
e(f) + €e(f)
» Sources of asymmetry:
» Different interaction with the detector material .
- ne
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b b0 om0 o po0000 © © —:
: € — €
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107 10 100 1000 ( ) ( )
p, [GeV] = A(D — Kn)
— A(D — Ksﬂ')
—A(Ks)  =~(1.0+/-0.1)%

» Evaluated by using data-driven techniques on dedicated samples
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Detection asymmetries

» Detection/reconstruction asymmetry of the final state

» Sources of asymmetry:
» Different interaction with the detector material

» Detector inefficiency/mis-alignment/inhomogeneities
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» Evaluated by using data-driven techniques on dedicated samples


https://arxiv.org/abs/1605.09768
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Detection asymmetries

4

Uncertainty on the detection asymmetry measurement includes both statistical and

systematic contribution

New ideas, additional samples [e.g. Ds—=¢n and Ds—KsK samples for Kn detection
asymmetry], improved methods

Higher trigger efficiency also for charm control samples (e.g. 5x higher efficiency

for triggering on D—Ksn)

All this will be needed to control the systematics to the 10*-4 level

Source of uncertainty al

Detection asymmetry 0.26
B™ background 0.13
AY background 0.07
BY background 0.03
Combinatorial D background 0.03
k-factor distribution 0.03
Decay-time acceptance 0.03
Knowledge of Amy 0.02
Quadratic sum 0.30

Phys. Rev. Lett. 114, 041601 (2015)

2 L N

statistical systematic
Ape 0.18% 0.13%
Alj9TP 0.06% 0.06%
Anvuet 0.07%
Af;f resitdual 0.04%

example (for D+ mode)


https://arxiv.org/abs/1409.8586
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Physics backgrounds

» Physics backgrounds can dilute/bias the asymmetry measurements (relevant:
branching fraction, reconstruction/selection efficiency, production asymmetry)

Possible additional handle: corrected B mass

: L (SL decays are partially reconstructed)
asymmetries, sample composition, L
DV(B?) -

PV St e e - e DR

» Extract simultaneously CP

production asymmetries (or more
precise knowledge of production
asymmetries) will reduce systematics

Mcorr — \/Ml%,u + |pJ_|2 T |pJ_|

x10°

Source of uncertainty al, @:250 L S
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BT background 0.13 < 2000 p _ D u B
A) background 0.07 o [ -Samesigndata d: Unofficial -
BY background 0.03 g 150 p

ombinatorial D background 0.03 I -
k-factor distribution 0.03 § 100~ 7
Decay-time acceptance 0.03 8a
Knowledge of Amy 0.02 50 7
Quadratic sum 0.30 Sl i

Phys. Rev. Lett. 114, 041601 (2015) 30004000 5000 - 6000~ 7000

M., (K'n o ut) [MeV/c?]


https://arxiv.org/abs/1409.8586
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Prospects

» Analyses of LHCb Run 2 (+6/fb) on going (e.g. ~40% improvement in precision
expected in BO system)

» Prospects for Upgrade Il (assuming control of systematics at the 10”-4 level)

30 LHCb 3/tb
Current B-factory s | | " | Phys<Rev. Lett. 114, 041601 (2015) : .
average ol ths Rev. Lett. 113,/06-180;?\(2016) < _______ LHCb 9/fb
What can we : LHCb 300/fb
;X‘l’lecltl ‘;‘”ltlh 1 > LHCb 23/fb
elle-Il fu
dataset? (arbitrarily taken
central values)
- — SM
-15¢t s _ -5
DO dimuon _95 \ ag = (—4.7+£0.6) x 10
asymmetry -30 :

’S0 —70 —60 —50 —40 —30 —20 —10 0 10 20
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Physics Case for an LHCb Upgrade-ll



https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/abs/1409.8586
https://arxiv.org/abs/1605.09768
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Prospects

» Analyses of LHCb Run 2 (+6/fb) on going (e.g. ~30-40% improvement in precision
expected in BO system)

» Prospects for Upgrade Il (assuming control of systematics at the 10”-4 level)

30 ' T T
25| 68% C.L. contours

"~ Upgrade II (300/fb)

‘ ,; 1 (arbitrarily taken
S/tandard Model)  contral values)

- +

LHCb Run 1 (3/fb)

-5y BaBar+Belle Run 1-3 (23/fb)

~20

-25 \ DO Ay,

B0l

80 -70 60 -50 —40 -30 20 -10 0 10 20
ad [107]

Physics Case for an LHCb Upgrade-ll

Belle-ll physics book


https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/pdf/1808.10567.pdf
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Decay width difference Al'd
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DO dimuon asymmetry ~30 from SM

5
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JHEP 06 (2016) 081

..4. .5...

Lorop [MmM]

Most precise determination, by ATLAS

measurements from BaBar, Belle, LHCb, CMS
(Eur. Phys. J. C 78 (2018))

HELAV arXiv:1612.07233



https://arxiv.org/abs/1710.08949
https://link.springer.com/article/10.1007/JHEP06(2016)081
https://arxiv.org/pdf/1612.07233.pdf
https://pdg.lbl.gov/2020/reviews/rpp2020-rev-b-bar-mixing.pdf
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Decay width difference Al d

ATLAS and LHCb measurements obtain Al'd/I'd by comparing by comparing
measurements of the BO — J/PK«0 and BO — J/PKSO decays T.Gershon arXiv:1007.5135

. . . ~ T T T T ~ 10
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https://arxiv.org/pdf/1007.5135.pdf
https://arxiv.org/abs/1402.2554
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Oscillation frequency Amd
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T. Jubb, M. Kirk, A. Lenz, G. Tetlalmatzi-Xolocotzi, arXiv:1603.07770
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