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CHARM PHYsSICS

+ Because of the severe GIM suppression, mixing is slow and CPV
small (according to SM)

* m¢ is (quite) close to the hadronic scale Aqcp — Aqcp/Me
perturbative expansion tricky

+ Strong coupling as(mMe) is large — higher order contributions
and/or non-perturbative effects can be significant
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+ Long distance contributions are c
important u c

- Precise theoretical predictions
are difficult
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+ Experimental input crucial to constrain charm dynamics

+ Potential for measurable New Physics is great



CPV IN CHARM

* The only up-type quark decays where CPV can be studied

+ Complementary to K and B

+ All three types of CPV are realized in charm
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PARAMETERS

+ Mixing comes from a mismatch between flavour and mass
eigenstates

|D1.2) = p|D°) + q|D°)
» Usually described by

x=Amp/Tp and y=Alp/2lp

- Incase of CPV  |g/p|and ¢ = ¢y, or
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SEARCH FOR TIME-DEPENDENT CPV IND® — h+th~ (h € {K,7}) 4
arXiv:2105.09889

+ Same channels as AA¢p discovery

r(p(t) — f) — [(D°(t) — )
F(DO(t) — f) + F(DO(t) — )

Acp = =al + AY,:Ti + O(x%,y%, xy)
D

* We don't observe Acp Time-dep. nuisance parameters

N(DO(t) — ) = N(D°(t) = f) _ ¢
N(DO(t) — f) + N(DO(t) — ) — a?+AYfg+Aprod(f~, t)+Ager(f 1)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.053008
https://www.sciencedirect.com/science/article/pii/S0370269320306055?via%3Dihub
https://arxiv.org/abs/2105.09889
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+ Residual combinatorial background subtracted using a sideband


https://arxiv.org/abs/2105.09889
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» Momentum-dependent detection
asymmetries Aqet based on magnet field
polarity and charge of 75,

* Adet + Aprog — D/D° momentum asym.

- Trigger correlates D° decay time with

kinematics — Aget(t), A

time-dependent

prod (t) become

+ Solution: equalize D° and D° kinematics by

reweighting
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stat. syst.

7

arXiv:2105.09889

+ +
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* AYyik— and AY,.. .- agree withing 0.5¢0

+ Compatible with no CPV within 2¢

» Precision improved by a factor of two
+ Small systematic uncertainty — great prospects for future LHCb

measurements (o approaching SM prediction O(107°),

LHCB*TDR*OZ&OO‘I)
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MASS DIFFERENCE BETWEEN NEUTRAL D EIGENSTATES 8
arXiv:2106.03744

+ The mass difference (x # 0) has so far been elusive; the most
precise measurement by LHCb reported x¢p = (2.7 +1.6) x 1072
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011802
https://www.sciencedirect.com/science/article/pii/S0370269315009739?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.012004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231802
https://arxiv.org/abs/2106.03744
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+ Rich resonant structure

+ Many interfering amplitudes
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://arxiv.org/abs/2106.03744
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+ Ratios of + bins

+ Deviations from constant
values due to mixing
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+ Red lines are fit projections
where xcp = 0 — ycp alone
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https://arxiv.org/abs/2106.03744

MASS DIFFERENCE BETWEEN NEUTRAL D EIGENSTATES

- Difference of ratios for D°
and D°

* No CPV observed (slope)

Ax = (0.274£0.184£0.01) x 1023

Ay = (0.20+0.3640.13) x 1073

+ Limits significantly improved
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+ WA significantly improved for both mixing and CPV

« Blue contours include the presented D° — h + h~ result
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+ Especially Ax and Ay statistically dominated — future improvement


https://arxiv.org/abs/2106.03744

MEASUREMENT OF CP ASYMMETRY IN D° — K2K2 DECAYS 13
arXiv:2105.01565

+ Two similarly sized contributions — great for

CPV observation ¢ s.d
+ Acp can be large; up to 1% (Nierste & Schacht, 2015) v ds
+ Improved methods over previous analysis on a d,s
smaller dataset (JHEP 11 (2018) 048) — 30% u s.d

sensitivity improvement
+ Nuisance production and detection asymmetries

removed by a weighting technique exploiting ¢ 5,d
D° — K*K~ calib. sample | ’”’ - d,s

- Sample split into consistent sub-samples (K2 D ““. d.s
daughters tracking, primary interaction origin, u sd
etc.)

Cheng & Chiang, 2012

» £ = 2fb~(previous analysis) — 6 fb~"
+ 8k signal events


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://link.springer.com/article/10.1007%2FJHEP11%282018%29048
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.034036
https://arxiv.org/abs/2105.01565
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+ Time-integrated Acp from a 3D fit to Am = m(K3K2r+) — m(K2KQ)

and m(K2) of both K

+ Highest precision to date

Acp(D® — KIKD) =
(3.1+£1.24+0.4+0.2)%
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SEARCH FOR CPV IN D{§) — h*m® AND D) — h*n,h € {K,n}
- 7 decays; first ACP(D+ — h*h?) measurement at hadron collider

Acp(DT — mt79) = 0 in SM because of isospin rules — good place
to look for NP

Neutral particles in final state challenging at hadron colliders

+ » Can't form displaced D decay
vertex with only one track
+ Canuse
(low efficiency)
- Canuseh’ — e"e ~ (low
branching fraction)

(signed) r,.,- [mm]

« Asym. extracted from 2D fit

T T T 52500

LHCh i Daa E 2
ofT  —Tota 3

oo 22000
— Dg e =
---- Purecomb. .

Real-€ comb. — 1500
§

& 1000
._g

8 500

L \ i

1800 ™0 200 2100 0 10w “180
m(reTP) [MeV/c?] m(etey) [MeV/CZ]

(4]

arxiv:2103.11058


https://arxiv.org/abs/2103.11058

SEARCH FOR CPV IN D) — h*m® AND D, — h*n,h € {K, 7} s
arXiv:2103.11058

+
"Dy~

. ACP(D?) K0h+) known with high precision (PRL 122, 191803 (2019))

— KSh* control samples used to subtract Aprog and Aget

ACP(D+ — 7T+7TO) 3
Acp(DT = K+70) = (-3.2 & 4.7 42.1
Acp(Dt — mtn) = (-0.2 + 0.8 £0.4

(-1.3 + 0.9 £0.6)%
(-3. )%
(-0. )%
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- LHCb
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Acp(DF — K*+70) = (-0.8 & 3.9 +£1.2
Acp(DF — 7+n)=( 0.8 £ 0.7 £0.5
Acp(DF — K*tn)=( 0.9 £ 3.7 £1.1)%

Average

(04%08)%

5 10
Acp(D* 7)) [%]

+ All compatible with CP symmetry
- First 5 are most precise measurements to date


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191803
https://arxiv.org/abs/2103.11058

SUMMARY 17

+ LHCb collected the largest sample of charm decays; leading to new
world-best measurements

+ Time-integrated CP asymmetries (including channels with neutrals)
+ Time-dependent CP asymmetries and mixing parameters (including first
observation of a mass difference between neutral D mass eigenstates)

+ Precision of the measurements is mostly limited by statistics —
improvement expected

+ More interesting Run 2 analyses in the pipeline

* Run 3 (starting next year) - higher luminosity, upgraded trigger and
detector

l
Stay tuned!



THANK YouU!



	Appendix

