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Why rare charm decays?

Promising to search for NP...

e rare charm decays involve FCNC c—u
transitions at short distances (SD)

* in SM only at loop level

* some NP models predict large enhancement
In rates and asymmetries prp 83 114006 (2011)]
[PRD 98 035041 (2018)]

* one of few occasions to investigate up-type
quark FCNCs

...but also very challenging!

« SM short-distance contribution highly CKM &
GIM suppressed
e inclusive SM D—=Xp+u- =O(109)

* processes dominated by long distance (LD)
(tree-level) dynamics, shielding the FCNC
processes

 theoretical description very hard

[PRD 98 035041 (2018)]
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How to search for BSM physics?

branching ratios, especially regions away from the resonances

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

e search for D+g) = TTtU+J-  [PLB 724 203-212 (2013)]

e search for Act=pU*U-  [PRD 97 091101 (2018)]

e search for DO = T+T-UtU-  [PLB 728 234-243 (2014)]

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

null tests based on (approximate) symmetries

e |[epton-flavor/number-violation

e search for DO = p+e- [PLB 754 167 (2016)]
e search for D+g) = Tutut  [PLB 724 203-212 (2013)]

e angular and CP asymmetries

e asymmetries in DO = h+h-pu+u- [PRL 121 091801 (2018)]

* [epton-universality [—future]
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Search for the rare decay Act—pu+y-
PRD 97, 091101 (2018)




Search for the rare decay Ac*—putp-

PRD 97, 091101 (2018)
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LHCb analysis strategy
e define three dimuon mass regions: ®,p/w and non-resonant (NR)
« measurement/limit of the BF in p/w and NR region relative to Act—=p®(—p+u-)

e full Run 1 data (3/fb)



Search for the rare decay Ac*—putp-

PRD 97, 091101 (2018)
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Study of rare four-body D0—h*h-p+pu-
decays (h=m,K)

PRL 119 181805 (2017), PRL 121 091801 (2018)



The richness of DO%—h*h-y*u-decays

e overwhelming contribution from LD amplitudes proceeding through intermediate vector
resonances screening the SD physics

example short-distance contribution example long-distance contribution
EW Penguin ut DO — h+h-p0(—=u+u-) q }
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o first step: BF measurement (binned in dimuon mass and total BF)
 (limited) sensitivity to SD contribution in regions away from resonances

B(D° - 7=t pt ™) = (9.64 £0.48 £0.51 £0.97) x 107

B(D° - KK ptu™) = (1.54 £0.27 £ 0.09 + 0.16) x 10~7
[PRL 119 181805 (2017)]

* total BF:

* second step: measure asymmetries with sensitivity to SD in full range

e O(few%) predictions for some NP models [JHEP 1304 135 (2013), PRD 87 054026 (2013)]
8



Asymmetries in D? — - (K*K-)u*p-

PRL 121 091801 (2018)

 for the first time, measurements of angular and CP asymmetries in these decays
e conceptual new and complementary to BF measurements

* asymmetries are sensitive to SD in full range due to SD-LD interference
[PRD 98, 035041 (2018)]

0.02}F"

 observables are SM null tests

DO—= 1+t

* O(few%) predictions for some NP models

[JHEP 1304 135 (2013), PRD 87 054026 (2013), PRD 93, 074001 (2016), PRD 98, 035041 (2018)] SM
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https://arxiv.org/abs/1805.08516

Asymmetries in D0 - (KK~ )utp-
i

Measurement strategy

* measure Ars, Ao and Acp binned and integrated in dimuon mass
* select DO from flavour sepecific D*+— DOrt+ decays
e 5/fb recorded 2011-2016
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Asymmetries in D? — - (K*K-)u*p-

PRL 121 091801 (2018)
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Asymmetries in D? — - (K*K-)u*p-

PRL 121 091801 (2018)

Total asymmetries < ! LHCb | <, _
b 02k ]
s A S e e e " M Ll'ﬁ* _____________ o] 0 _+ _____ % _____________
49+£3.84+0.7 |
( )%, | 1 -02f + |
( 3.3+£3.7+0.6)%, { o o i ]
i D= mimutp 1 -04 D°— Vaz, alTadTulin
= (—0.6 +£3.74+0.6)%, § o I | | ]
500 1000 1500 ~00 0 T T 000 1500
(O + 11 £ 1)%, m(u*u”) [MeV/c?] m(u*u-) [MeV/c?]
= (0+ 11+ 2)%, ‘ o TR
. : a4k LHCb - N\
— a =9x11=x1 ¢ i 1
( M 'i : _‘4— + ] \e \N“‘“ S
uncertainties are statistical and systematic | i ﬁ* ] b S
__Jnoertaies are statstial and systemalio o AT - comPAL yion
L + ] pr A3 20‘\3)5\
: ] \JH\‘—" °A3 o203
—0.4:— D— ar aiTalle ? PP‘D
065 T om0 1500

. . . m(u*u”) [MeV/c?]
e all asymmetries consistent with zero

* no dependency on dimuon mass observed (also true for DO K+K-p+p-)
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What comes next?

DO— K-V () 106
Many updates will come in the near future... DO V()
DO— K+K-V(pr+yr)
* two-body decays ‘ed\"“‘“s
 updated search for DO—=p+u- e*pig_\g;\()'g\ D
e updated search for DO—e+y- ol Nt =P+ 109
D0—>n+'|-[-IJ+IJ-
2
* three-body decays g’(fpec,ed/ O
70‘8~ i,hif
« search for D+g—h-l+l+ D+g—=h++I- 10) S DO e o

e four-body decays

e angular analysis of DO = h+h-p+u-
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Conclusions

e the low SM rates make the field a perfect place to look for physics beyond the SM
e for many decay modes the SM predictions are way below current experimental
sensitivities
 LHCb is making major contributions
 most measurements report world’s best result
e we hold the record for the rarest charm decays to date...
e ...and even measured asymmetries in these decays!

* new analyses and updates will come exploring the full Run 2 data set

14



Thank you



Observation of D? — w*m-(K+*K-)u+y-

PRL 119 181805 (2017)

Experimental details

* data: 2/tb from 2012
* normalization channel: DO— K-mrtu+py-
* strategy: measure BF binned and integrated in dimuon mass

* DO=mrmpyr o DO KK+
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Observation of D? — w*m-(K+*K-)u+y-

PRL 119 181805 (2017)
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