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Rare charm in the SM

® unique probe of up-type quark FCNC & complementary to B and K physics!

® almost exact GIM-cancellation in Ac = Au = 1 processes

® cxtremely suppressed rates

n
4 non resonant (incl. D — X¢+¢~ <0(10719)
B resonant contributions 6(10~7 — 1079
/%4 Y 4 ® negligible CP asymmetries
C , 1 Im(VEV,, I VEV, ) ~ 107 (Agp ~ 0)
d,s,b ® specific angular distributions

(C{)=0) — parity conservation

® cxploit (approximate) symmetries to test the SM with clean null-tests:
® searches for extremely rare and forbidden decays

® CP asymmetries and angular distributions of resonance-dominated SL decays




New physics searches at LHCD

branching ratios, especially regions away from the resonances

Nul

search for DO—=pu+y-  [PLB 725 15-24 (2013)]

search for D+) = h*l*l-  [pLB 724 203-212 (2013)] [JHEP 06 44 (2021)]

search for Act—=pu*tU-  [PRD 97 091101 (2018)]

search for DO = T+m-u+y-  [PLB 728 234-243 (2014)]

observation of DO— h-h®)+ V(u+u-) [PLB 757 558-567 (2016)], [PRL 119, 181805 (2017)]

| tests based on (approximate) symmetries

lepton-flavor/number-violation

e search for DO = p+e- [PLB 754 167 (2016)]

e search for D+i) = hHO+ D) = htp£es [JHEP 06 44 (2021)]
angular observables and CP asymmetries

e angular analysis and search for CPV in DO = h+h-u+p-
[PRL 121 091801 (2018)], [LHCb-PAPER-2021-035 ]
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“Angular analysis of D’ — 7~z u*u~ and
h KK Tutu~ decays and search for CP violation”

LHCb-PAPER-2021-035
INn preparation
For the first time shown today!




D' — hth—u*tu~ decays at LHCDb °

® rarest charm meson decays observed, dominated by resonant contributions

RBDY - gt utu") ~9.6x 1077
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Differential decay rate
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2

1 pma.x "1
(Ls60)(q") = —J dp*| dcost), e
I 4m J—1
h
1 Poax [ (0 1 ]
(L4 578)(q%) = F[ dp* [ dcos 6), — [ dcost)| Iysqg
4m, ) 0 |

*optimal for p-Wave in hadron system




Measured observables and binning !

LHCb-PAPER-2021-035

® report flavour average (S;) and CP asymmetries (A;)

(1) () (B
(L) = (H)(L))

for CP even (CP odd) coefficients

SM

(%@ﬁ=0

(4) =0

1=2,...9

® updated measurement of A,

® 17 obs./channel [12 SM null-tests] in m(u*u~) regions
[“resonance enhanced NP effects’]
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Experimental strategy :

LHCb-PAPER-2021-035
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® measure angular observables via yield asymmetries, eg:

T I T T T T I T T T T l T ] 2

(\g 1500 - . - LHCb simulation _|
1 1 0 dT % o P
(Ic) == J dcosd —[ dcosd o
r ), A *| dcosd, £ 1000 |
\ Y )
N(cos 0, > 0) — N(cos 0, < 0) i
(lg) = [see LHCb-PAPER-2021-035 for 500 :
N(cos 6, > 0) + N(cos 9, < 0)  iiperg) :!. m N
50 1000 1500 0
® correct for acceptance effects across the 5D phase space m(utu”) [MeV/c?]
PRL 121 (2018) 091801
® correct A.p for nuisance asymmetries
N(D™* = DO H =N~ = D= f)n~ .
AT(f) = (D" = D(—f)m")— N _( fno) N Ap + Agr®) + A (D™)
N(D™* = DY — f)zt) + N(D"~ — D - f)n~)
s 0 + =\t
® cvaluate systematic uncertainties use D" — D( — K"K™)m™ decays]
: Gsys
typically ~ (10 = 50) %
O

stat limited by statistics!



Flavour-averaged observables (S;)
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® Shown examples: SM null tests (S5 ¢;) [(Sg) ~ Apgl
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® all observables in backup, tabulated version & correlation matrices in LHCb-
PAPER-2021-035



CP asymmetries (A;)

10

LHCb-PAPER-2021-035
in preparation

® Shown: (Ag) [(Ag) ~ AT, (Ag o) [triple-product-asym.] & Agp [Others in appendix]
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® overall agreement wrt. to SM hypothesis
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Summary & outlook

® Rare charm is a unigue and complementary field to look for NP

-
® | HCDb is making major contributions S //fQ /u -+
® most measurements report world's best result Z’,‘_H/< =

C > U

® we hold the record for the rarest charm decays to date...

® .. .and presented first angular analysis in the field today!
® new analyses and updates will come exploring the full Run 2 data set

® cQ: updated/new searches for D+g) = h+l+l- | Act—=pu+u- DO—=>h+h+ete-,

DO=hrh*pre, DO=uru- yery soon!

(~limit few 10-9)

e all analyses statistically limited — great prospects for the upgrade!

More”? Check out Marcel’s talk and
MPLA 36 (2021) 2130002



https://indico.cern.ch/event/1055778/contributions/4554277/attachments/2331920/3974159/implications_rarecharm_mago.pdf
https://www.worldscientific.com/doi/epdf/10.1142/S0217732321300020




Flavour-averaged observables
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Flavour-averaged observables
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CP asymmetries (A;)
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CP asymmetries (A;)
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Hadron spectra 17
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Search for 25 rare and forbidden decays
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Future sensitivities

Mode Upgrade (50 fb_l) Upgrade Il (300 fb_l)
D° — ptp~ 4.2 x 1071 1.3 x 107"
DY = atutu 108 3x10~°
DY — K utu~ 10-° 3x 1077
N — puu 1.1 x 1078 4.4 x 1077
DY — ey 10-° 4.1 x 1077
Mode Upgrade (50fb™") | Upgrade Il (300fb™ ")
Dt — 7tutp~ 0.2% 0.08%
D — mtr—ptp~ 1% 0.4%
D’ - K7t~ 0.3% 0.13%
D — Ktn—ptp~ 12% 5%
D’ - KTK—putu~ 4% 1.7%

A. Contu, Towards the Ultimate Precision in Flavour Physics, Durham, United Kingdom, 2 - 4 Apr 2019
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https://cds.cern.ch/record/2669309

