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Rare charm decays

Small and almost CP conserving short distance FCNCs due to effective GIM

cancellation
1 A

mq, Mg, Mp << My CKM ~ A 1

Sensitive to NP in up-quarks FCNC
FCNCs in the up sector are few: DD mixing, rare charm decays, rare t decays
However ...

GIM broken by nonperturbative effects. Resonances distinguish s and d quarks. Large
long distance contributions obscure FCNC:s.
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Plan

® ¢ — up*y probing SUSY-RPV, leptoquarks ... in
- DY ottt
- D’ — ptpu”
® Direct CP Vs. Rare decay (in Im[C7] ).
- AAcp = Acp(D° = KTK™) — Acp(D° — ntr™)
- direct CP of on the ® peakin DT — 7771~
- large q? region of D — 7t~

® Many other interesting decays, LFV, LNV, not covered here
D° s yte= rte— D — PPUTE
D — Pu'e” D5y — Viere
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Effective Hamiltonian for
D — P¢ty

Heor = NgHE + NHS + N\ HPe"8

4GF

NG
nonlocal contributions of

Ai = VeiVui d and s quarks S S
AR —Ag & A /

Singly Cabibbo suppressed,
real up to O(N°) Ve Vi,
B

Of = (qg~"et) (whyudr)
ClsM,tree _ 1, CZSM,tree — 0 Oq (QLVMCL) (ﬂgfyuq%)

qud,s — (Cloq CQO%)
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Effective Hamiltonian for
D — P¢ty

Her = AgH® + A\H® + X HP

QCD penguins O3 g

Magnetic penguins O7, Os

A A X

Ao ~ A\’ suppressed
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Effective Hamiltonian for
D — P¢ty

e MSSM with R-parity

Burdman et al, 2002

g | A Cg
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M . :
+(675) LrP122(1) m—g} , +chirally flipped operators
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e MSSM without R-parity / leptoquarks, e.g. (3,2,7/6)
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D — POty

) a(p_)pv(ps) + 1%;?2 u(p-)pysv(p4) | f+(d°)

. 4maGF_ C7 me Cy
Asp = —1 V2 VebVub [(27r2 mp 1672

LD amplitudes include t-channel vector resonances (®, w, p)

q? spectrum
1 fb-l

D)*>m*u*p-at LHCb 2011 data

O. Kochebina, EPS ’ 13
uncorrected data
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FCNC, NP ?

A all -—— — —— —— — A e A il
200 40 600 800 1000 1200 1400 1600 1800
m(ptyr), GeV/c?

|) For the rate measurements, focus on low or high m?y, (= q?)

2) No reliable predictions for rate in the resonant region. Short distance effects
are overwhelmed.
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D — POty

Decay Bin 90% [x1078]
Dt >atutu~ low-m(utu™)
high-m(u™ pu™)
Total
1.x 107
8.x 1078
6.x 1078
4.x 1078 \\ G
2.x 1078 RPV
0.~
0.0 0.5 1.0 1.5 2.0 2.5

q° [GeV’]

3.0 | ‘decays

LHCDb, Physics Letters
B 724 (2013) 203

Constraints from the
hlgh q? region:

ASCREY| < 2.5

:One order improvement in :
few years. :

‘)\5507‘ < 0.8

Close to what is required|
for direct CP in 2 body
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DY —s ¢ty

Long distance effects in DY — v~ dominate

]
Br(D" — putp™) ~2.7-107° x Br(D? — ~v) Burdman et al, 2002

I SM short-distance contribution is negligible, GIM!

Combined with experimentally bounded Yy

branching fraction, < 2.2 x 10-¢ at 90% CL : b 2012
Br(DY — ptp )M < 10719
Almost null test of the SM
Br(D° — ptp )M « 6.2 x 1077 LHCb, Physics Letters

B 725 (2013) I5

Implications of LHCb measurements and future prospects, 14.10.2013




DY —s ¢ty

Neglect SM contribution, insert a New physics (NP) candidate:

NP (0 + = 2 G 4 4m?
Bry, (D° = u™) =71pfpmp—— = ’Vuchb| Be(mp) | —5 |Cs — Cs i
c D
m 2
me D

<
BI‘JIG\LP (Cz‘, m;, . . ) < Br**P

Three combinations enter
/ / /
C10—C1o, C’S—C’S, Cp—Cp

Helicity suppression of axial lepton current operator, nevertheless better bound
than from semileptonic decay

IMOCTEV ] INOCTH Y| < 1.2
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DY —s ¢ty

A 0CE V] IN0CTHY | < 1.2 Stronger than from semileptonic decay!

Repercussions for D — P{T¢~

1.x 1077

8.x107®

6.x1078

dBr/dq*

4.x1078
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DY —s ¢ty

A 0CE V] IN0CTHY | < 1.2 Stronger than from semileptonic decay!

Repercussions for D — P{T¢~ \

| L] \
1.X Decay Bin 90% [x1078]
Dt > wtutu~  low-m(utu-) 2.0 .13
8. X high-m(ut ™) 2.6 0.60
N@ B Total Fo3 1.8
EGXIO i V |
V'U L
4.x1078 T
2.%x1078
0

0.0 0.5 1.0
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2
- g* [GeV?]
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DY —s ¢ty

A 0CE V] IN0CTHY | < 1.2 Stronger than from semileptonic decay!

Going backto D) — P{1 ¢~

1.x 1077

8.x107®

6.x1078

dBr/dq*

No C;from D%-> pup (

4.x1078

2.%x1078

0
0.0

V2

2
- g* [GeV?]
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Motivation for NP phase in C7

Natural explanation of CPV observed in D = 1111 and D — KK via non-
standard phase in Cg

AAcp = Acp(D° — KTK™) — Acp(D"

[ (-0.34+£0.15+0.10)% ;
~ 1 (-0.62+£0.21+0.10)%

non-perturbative matrix element

Gluonic penguin (Cg) usually present together with photonic penguin (C7)
in concrete NP models (e.g. gluino loop in SUSY)

Even if C7 = 0 at high scale, QCD renormalization mixes Cg into C7

Implications of LHCb measurements and future prospects, 14.10.2013
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Isidori etal,’l|
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Motivation for NP phase in C7

QCD renormalization

Isidori, Kamenik ’12

=[] [t [t
=[] [ao] e

; Independently test CP phase in C7 senS|t|ve processes’

Impllcatlons of LHCb measurements and future prospects 14.10.2013




Test: direct CP on ® resonance

1.x1077

8.x 1078

6.x1078;

dBr/dq®

4.x1078

2.%x 1078

ALp + Asp|® = |ALp|® + 2R[ALp A5 p]
acp ~ Im[Asp|/|ALD|
® Linear effect (interference)

® |f the LD amplitude is CP even, measuring CPV is a null-test

Implications of LHCb measurements and future prospects, 14.10.2013
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Direct CP

ADT = at 0ty = AP, + ASEY

AD™ =) = AP + Ay

_ AP AP
AP+ AP

aCP(QQ)

resonance and form
A Im[\,C factor dependence
Im [—bC7] =~ m[ b 7]

e Behaviour around the peak crucially depends on the value of do

Implications of LHCb measurements and future prospects, 14.10.2013

Fajfer, NK,’ 12
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Direct CP

-3 m Mo o | fr(a?) ¢ —mg
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for mm[x,cr7] = 0.8 x 1072
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(needed for AAcp)

-0.01

002
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e acp(q?) antisymmetric around ® for d¢ = £TT/2

€ ¢

symmetric around ® for do = 0,TT
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Direct CP, sensitivity

* However, event decay rate is tiny

3.x1077H . T
i | ! |
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* Not very promising, constraint from decay rate at Iow/hlgh q W|II be more reveallng

MO =08 x 1072 \ig | [A,605] < 0.8
(needed for AAcp)

From semlleptonlc
Implications of LHCb measurements and future prospects, I{%%&‘%eﬁ : ———
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Summary and conclusion

Semileptonic D — P{T ¢~ offers windows into short-distance physics
Leptonic decay D” — ¢/~ is Standard Model free (not for long)

p Future:important interplay with D° —

Example |, we have constrainted RPV trilinear terms

p Huge improvement in last few years, thanks to new experimental bounds
p Leptonic decay slightly more powerful probe

Example Il, C7 with CPV phase, required by AAcp

p Independent test: direct CP on the ® resonance.Tiny.

p Affects semileptonic decay, not leptonic. Constraint is 2 orders of
magnitude short of testing AAcp

Implications of LHCb measurements and future prospects, 14.10.2013
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Backup

Implications of LHCb measurements and future prospects, 14.10.2013
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Definition (of short and long
distance amplitudes)

SD amplitude := of local Hamiltonian (and nonlocal
propagation of colorless particles)

e e+
¢ \ 4
w b

LD contribution™ := not SD

e—
e e+ e e+
s o(s5) [ 9
w
c *
c u c u ‘/;3 Vus
N

Implications of LHCb measurements and future prospects, 14.10.2013

*limited to resonant in
this talk

22



Pole model for ® resonance

Mo = AgHE + N HS + N\ HPe"8

(GeV %)

4G
AP = (¢t — ==\ (Gry"er) (Gryusc)| DY)

V2 x

dB/dqg*

e” et Breit-Wigner propagator .
d)a x 10
¢(s5) A(CD_’H“) | : v‘"lg;"l‘\':?
ViV ' ®
i
fe 8T - mel’
? (D —mp— b 0] = LN o ) A '
Alp | TG =T ] V2 et g mg, + imgly Hk-Ipviks)
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Pole model for ® resonance

AﬁD [D — TO — Wﬁ_fﬂ = Cr As Sma a¢ei5¢

/2 %73

4y, 04 real parameters

Br(Dt — ¢nT) = (2.65 £ 0.09) x 1073,
Br(¢ — ptp~) = (0.287 4+ 0.019) x 1072

CL¢ — 123:':005 109}

0p = strong phase, smoothly varying ()

Caveat:We neglect CPV Cg contributions to
the LD amplitude. Perturbatively, they are
loop suppressed w.r.t. to the C7 contribution.

Implications of LHCb measurements and future prospects, 14.10.2013

24



Short distance amplitude

C7, Co, Cio (A* suppressed w.r.t. LD in the SM)

C7 carries non-standard CP phase, Co, Cjo are SM-like

iVvV2G pa M
ASEY = — A\, Co(m 2y u(k_po(k
% S NCr(me) R () k- ok
tensor form factor
} m 1% N~ . / / 2fT(q2)
fr(@*) = fmﬂ fgf&i) fr(g% ) (m(p")|uouncl D(p)) = —i (pupy, — Pup)) R

Abada et al 2001, Becirevic 2012

| Quenched lattice calculation
| : e

Implications of LHCb measurements and future prospects, 14.10.2013
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Direct CP observables

Partial width asymmetry

ACP(mlamZ) =

F(ml < Myp < My ) — f(ml < Mmyy < mg)

)
F(ml < Mmyy < m2) + F(ml < Mmyy < m2)
7% dg? R(¢?) ace (/P
Sy dg? R(q?)

Defined on a symmetric bin around me (£20 MeV)

dBr (my)

acp(my) [GeV™']

g
o

3.x1077f
2.x107H o

1107} Clp = Acp(mg — 20MeV, my, + 20 MeV)

| Sensitive to scenarios with 0o =~ 0,TT

~1.x1077

—2.x1077

3.x10770L
0.98 1.00 1.02 1.04 1.06

Implications of LHCb measurements and future prospects, 14.10.2013
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Direct CP observables

How to detect cases with O¢ =TT1/2,-T1/2 ?

2.x1077f —

Difference of two asymmetries, above

[.x 1077 and below the peak

acp(my) [GeV™']

—1.x1077

dBr (m 11)
dl’l’l]]

-2.x107"¢

098 1.00 1.02 1.04 1.06
my [GeV]

S8 = Acp(mg —40MeV, mg — 20 MeV) — Acp(my + 20 MeV, mg + 40 MeV)

Implications of LHCb measurements and future prospects, 14.10.2013




Direct CP observables

Scan over the strong phase
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Sensitivity

:= Branching ratio X CP asymmetry

1.x107%
Brc_pin C?cp

5.x1071
Even coverage over 0o.

-5.x1071%
Brs_pins S’cp

~1.x107°

: e z
6s ||Cép x 10%|SEp x 102 |FBr(C-bin) C&p x 107 |Br(S-bin) S&p x 107 |1 0 2 d
O || F0.20 | +0.008 +0.014 +2 x 1078 Z Og
+7/2|| +0.003 5.1 +2.4 x 10™4 F0.013 i
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Sensitivity (Ds— K* u")

0.007 I
o 2.x107"1%
i Brc_pin C? cp
1.X10_10f
-0.05¢
Or
_ -10][
" Lx107
-0.10¢ [ :
5 10_10} Brs_bin S’ cp
~3.x10710}
-0.15% « ; 00 05 10 15 20 25 30
Sy Sy
0 ||C&p x 10%| 8¢, x 10?||Br(C-bin) CZp, x 107|Br(S-bin) Sgp x 107
Or || F0.55 | +0.024 || F0.0027 31 % 10™°
+7/2|| +0.008 Fl4 ||  +4x10°° F0.007
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