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P Introduction to rare charm decays - Repetition
P Main part - Null test observables

> Angular observables
> LU tests
> CP-violation

> Summary
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Primed operators obtained with L < R

Similar to b-physics, BUT ..
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> C;ff = 0(10—3), Cgeff _ 0(10_2).
- Cl(g = Cg) = C,(D/) =0and C+ =Cr5=0
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» SM contributions dominated by long range dynamics
BM(D — 70t0~) = B(D — wV(— £+47))
—Not in dineutrino modes (Gudruns talk)

> Parametrized by a sum of Breit-Wigner contributions (fit from data)
i0
R(p2) — 5 eidw 1 _ 3 age"?
G (g°) = ave (qungimwrw qum%Jrimprp) + q?—m3+imgly "

is ,
CB(eP) = =i .

q?—m32+imy T, q2—mi,+|mn/rn/

Introduction

D = aV(—= %)
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Resulting differential branching ratios
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P Rare charm decays observed only at the resonances, for the rest of
the signal region U.L. are available at 90% C.L. (see 2011.09478)
» B(D® — ptp~) <6.2x107°
B(Dt — ntutu~) <6.7x 1078
B(D® — ntn—putp~) <55 x 1077
B(Ae — putp~) <7.7x1078
New results already presented at implications workshop

vyvVvyvyyYy

.

Direct bounds on WC's from B(Dt — atpu*tu=), B(D® — ptu~) imply
» Cs,p SO(01) Goto 1,75 SO(1)
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https://arxiv.org/abs/2011.09478
https://indico.cern.ch/event/1055778/timetable/
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NP searches in branching ratios are challenging.
Instead define null test observables where

Signal <
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NP searches in branching ratios are challenging.
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Signal <

» Angular observables
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> LFV
P LU ratios
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NP searches in branching ratios are challenging.
Instead define null test observables where

Signal <

» Angular observables

@ o

2010.02225

b CP-asymmetries —_
» LFV
» LU ratios
» Dineutrino modes G ool
. NN :
Previous talk by Gudrun &@V #(0ov
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Ac — pptp~ decay distribution:
dqiddcrog,alZ = % (Klss sin? 0 + Kice cos? 0, + Kic cos 95)7

Arg = 1 /1—/0 dr dcosH—3 Kic
FB=dr/de? |y J.1] dg?dcost, £ 2 2Kies + Kice |

Kie~ CoCro, C§Ci, and C7(’) Cl((/)) interference terms = N0 SM.
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Ac — pptp~ decay distribution:
dqiddcrog,alZ = % (Klss sin? 0 + Kice cos? 0, + Kic cos 95),
ch

Arg = 1 /1—/0 dr dcosH—3
FB=dr/de? |y J.1] dg?dcost, £ 2 2Kies + Kice |
) .

Kie~ CoCro, C§Ci, and C7(’) C,y interference terms = NO SM.
Complementary results in D — Pu™* ™ (Normalized to integrated rate)
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Fraction of longitudinally polarized dimuons
_ 2 Klss - chc
2Klss + chc

No null test, but cancellation of hadronic uncertainties in the SM and
highly sensitive to C7(').

Fi
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LU ratios

2
p [ dB(D — mptpu) I dB(D — mete™) | ,
Ry = 5 d dg

A dg dq?

min
RP || SM | |Gl =05 | |Ciol =05 | |Gyl =+|Ciol =05

full q 1.00 + O(%) SM-like SM-like SM-like

low 2 0.95 + O(%) O(100) ©O(100) ©O(100)

high 2 1.004+ O(%) | 0.2...11 3...7 2...17

1909.11108
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https://arxiv.org/pdf/1909.11108.pdf
https://arxiv.org/pdf/2107.13010.pdf
https://arxiv.org/pdf/1805.08516.pdf
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https://arxiv.org/pdf/1909.11108.pdf
https://arxiv.org/pdf/2107.13010.pdf
https://arxiv.org/pdf/1805.08516.pdf
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https://arxiv.org/pdf/1909.11108.pdf
https://arxiv.org/pdf/2107.13010.pdf
https://arxiv.org/pdf/1805.08516.pdf
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T dr dr

- 1 dr  dr 2. dr £ o
Acp(a®) = o (d—z - d—z) with T :/Zma" d—quz Or Acp(dd) = d:r dqu
A q q 9%in q & 4 £

Strong phase from resonances needed — measurement around the ¢ resonance. S. Fajfer and N. Kosnik 1208.0759
NP weak phase needed. — benchmark Cg = 0.5 exp(im/4).
Binning necessary.

vVvyyy

Plots for Ac — put ™
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https://arxiv.org/abs/1208.0759
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Cip = 0.5 exp(im/4) — pin down strong phases
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» Rare charm decays (¢ — ull) are dominated by long-distance
resonance contributions

» NP can be probed in clean null test observables
P Null test observables make use of resonance enhancement

» Many modes: D — w, D — nmw, Ac = p, =c = X, ... plenty of
opportunities
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dB(A. — put ) /dg? [GeV~2)

2107.13010
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LHCb upper limit at 90 % C.L. with
440 MeV cuts around known
resonance masses, then extrapolated
to full g2 region

Ae = putu~
0.0 0.5 1.0 1.5
¢ [GeV?]

Bruch(Ae = putp™) <7.7x 1078

Including form factor and resonance uncertainties and integrating the LHCb search region

BM(Ae — pptp”
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» Form factors are availbale for \. — pji 1 from Lattice QCD
(see 1712.05783)

> No results for other decay modes (from the lattice) available yet.

» Use SU(3)fr flavor symmetries to relate modes

U-spin
S @z A%
V3
isospin y
U< d /\c — p[f
n 1 n —_
ﬁ n_n U—Spin .Qg — ZOM
s d no direct link
==Xt different SU(3)F multiplet
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https://arxiv.org/abs/1712.05783

technische universitat Lepton flavor

®.

dortmund violation
sl T mm QS T =
Lo SUSY 1 Z 108 Le Sz
= 2107.13010 - SUSY-II O] B RPV SUSY I
S 2 Scnario 1| S B RPV SUSY 1T
S 17 7 Seent S 10— B 7' Scenario 2
! Z' Scenario 2 < 10 10
K I ~ BN 7' Scenario 1
o1 [

v 10 3
*é % 10712

1071 N
<‘- T 10*14 -
~— +
5 0 5 \
i 20

0.0 0.5 1.0 1.5 - 0 1 2
¢ [GeV? ¢* [GeV?]

LQ's (K, = Kl, = 0.5),

SUSY + R-parity violation (Ko = —Ki0 = 0.009),
SUSY no R-parity violation (Kg = —Kjp = 0.001),
Z'1 (Kg = Ké =—Kip = —K{o =1.4. 10_4),

Z' 2 (Ko = K§ = —Kio = —Kjp = 2.3-107%).
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Normalization matters

min

- 2
> Apg = 3 B with I =[5 (2 Kiss + Kicc)
> Arg = % drKﬁf with dF/dqz = 2 Kiss + Kice

» Resonance enhancement
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Angular observables
in D — Pl

technische universitat

dortmund
1.5{1909.11108 mm (Cs| - | > mmm (Cs| =
. (Crs . (Crs|=05
- \C»m\—ﬂs [Cs|=0.1 m (Co) =05, [Cs|=0.1
5 L0 = [Cul=[Crs| =05 | o  mmm (Cul=|Crs|=05 |
:'> i |Cr| =05, |Cs| =01 ! m [Cr| =05, |Cs| =
z Z
ST e — o
=} m
< <
0.0
D} — Kfptp~
—0.5 =05
2.0 2.5 1.6 1.8 2.0
¢ [GeV?] ¢ [GeV?)
1909.11108 mm (Cs=05 - (G| =05
6 . (Csp| =01 . (Csp)| =01
mm (Crers)| =05 E (Crers)| =0.5
. 1 |Cr )| = 0.5, |Cs| = 0.1 a W (Crers)| = 0.5, |Cs| = 0.1
| T I
Z — =z
8 DY — atputu—| 2
S S

1.6 1.8 2.0
¢ [GeV?] 1909.11108

15" November 2021 21/

Marcel Golz Future Super c-tau factories 2021



technische universitat g Resonance
dortmund parameters

» Parameters in Cf, CK are main source of uncertainties
> Process dependent 1909.11108, 1805.08516

H a,/ GeV? ‘ ag/ GeV? ‘ ap/ GeV? ‘ a,/ GeV?
Dt — 7t ~ 0.2 ~0.2 ~6x107% ~8x107%
DO — 70 ~0.9 ~0.3 ~5x107* ~8x 1074
Df — K+ ~ 0.5 ~0.1 ~6x107% ~7x107%
DO — ntp— ~ 0.7 ~ 0.3 ~1x103 ~1x103
DY — KTK— ~ 0.7 = ~3x107* =
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https://arxiv.org/pdf/1909.11108.pdf
https://arxiv.org/pdf/1805.08516.pdf
https://arxiv.org/pdf/2107.13010.pdf
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Parameters in Cff, CE are main source of uncert~i* = =0
Process dependent 1909.11108, 1805 ;2" z
e o

~ i/ ueV2
Dt — ~8x107%
D — «° ~8x107*
Df — K+ ~7x107%
DO — ntp— aé ~1x103
D% — KTK~ ‘\ ~07 - ~3x107* —

2101 13010

With more data model parameters (a;, d;) can be constrained and
the model can be improved.
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