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C Basic Formalism )
(

V] One calculates the time-evolution of the ‘flavor-eigenstates’ D’ = (cu) and D° through

. d Do(t) % i - Do(t) . > M M12 A I r12
dt Do(z)) ( 2" \D°(¢) M, M r, T
because of CPT + Hermiticity
- )

)=p[D°)+q[D°) with
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< Basic Formalism )

a _ )
V] One calculates the time-evolution of the ‘flavor-eigenstates’ D’ = (cu) and D’ through
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dt\ D" (1) 2 J\D(t M, M r, r

because of CPT + Hermiticity

\- J

since one can choose
phases such that

/D,) CPeven
/DZ) CP odd /DO)C(_I:/DO)

CPV in Mixing

D.Guadagnoli, HEP 2007, Manchester, 19-25 July 2007

| If jgip/ =1




C D°— D’ mixing in the SM )
(

The SM contribution to meson mixings is well-described A
— inthe K, B and B cases — by box diagrams with W — up-type-quarks
L& In the D case one has: D° ~ f , so that box contributions for
\_ D’-mixing give " J
C ql = { b , 5, d}
R > 1 > (]
0 : :
D W W
L
q,€\b,s,d]
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C D’— D’ mixing in the SM )
4 )

] The SM contribution to meson mixings is well-described
— inthe K, B and B cases — by box diagrams with W — up-type-quarks

L In the D case one has: D° ~ f , so that box contributions for
\_ D’-mixing give " J
q, E{b ,8,d }
1 - 1
W W
L L
qze{b ,8,d }

o qu’%CKM[ql,qz] X So[mfmg]

2 2 2 2 2
For m{; = m;, << M7, one has So[mpml] ~ @

With down-type quarks in the loop,
GIM-suppression is extremely effective

D.Guadagnoli, HEP 2007, Manchester, 19-25 July 2007



[Further remarks

&> In the D-mixing case, one has

: ~ (1.8-10°)x(A*A®%) ~ 107>
| s— s contrib. | m

| b— b contrib. | m, (V. V.,)
2

Compare with the K, B, cases, where the 3" family (top) contribution
is always important [for B, it is dominant]
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(Further remarks

5> In the D-mixing case, one has

2 ® \D
b— b contrib. m, (V.,V_,) ]
[[S_S Contrib.]] - mZZ) (V bV*b)Z ~ (18103)X(A4A8) ~ 10 3

Compare with the K, B, cases, where the 3" family (top) contribution

is always important [for B, it 1s dominant] ”,

[SM box is tiny]: in principle ideal room for New Physics to show up

[long distance]: m_~ hadronic scale. K, 77 intermediate states likely

to dominate

x, <107

D.Guadagnoli, HEP 2007, Manchester, 19-25 July 2007



( Where to look for D’— D° mixing >

Example: “wrong sign” D — K 77 decays

Doubly-Cabibbo-Suppressed [DCS]

u +
sin96/<K
RS

Mixing + Cabibbo-Favored [CF]

d
cosO, < -
//// Zl

c o d u L. s
0 sin0, ) 0 S cosO, .
D Tt D" D K
- — 1 ' >
u U C u u
In the wrong-sign decays,
the “DCS” and “mixing + CF”
96)4 = 0.3% | contributions become competitive.

Mixing is then measurable.
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( Basic Formalism: 2 >

CPV in Interference between decay amplitudes with and without Mixing

From the definition [phases in decay ampl. are negligible: no “direct” CPV]
of g/p one has
. i Note
M, — EF 12 N
b = Arg i In the D-case, /M,,/ ~ [7,[and Arg(M ) small,
ity i = ¢ ~-Arg(M ) X [O(1) factor]

&

. ~ 244
N2S,(x,,x,) + APA°(p—in)S,(x,. x,) W Arg (M) ~ A )

< 10°°
_/

4 Arg(M )): naive estimate from SM-boxes

\ Real Part: s-s box Imaginary Part: s-b box
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Recent Experimental Progress

Access to:
BaBar
* Studies the time dependence of R,, x=x7, y.=y
0 S - Y
hep-ex/0703020 D Hf T ECF] (assuming no CPV)
and D" — K  [DCS] Primed x, y are a rotation of x, y
[and C-conj. modes] by the strong K77 phase
Belle
* Studies the time dependent
0704.1000 [hep-ex]  Dalitz distribution of X, YV
D’ —>K'm m
* Calculates the asymmetry y
; (0703036 between the decay " , cr e
ep-ex D° — K 7r* [CF] and decays [ SHUTIINS 1O }
to CP eigenstates (K* K-, 77*77) Yep =Y
CLEO
* Measures the BR of D’ decays strong phase
hep-ex/0607078 to hadronic flavored states, CP 5

eigenstates, and semilep. states A8
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< Combining the data >

Paramneter Yalue Eef.

4 o' (—0.24 £ 045+ 0.30).107%  [§]

'3 (—0.20 + 041 £0.207.107%  [4]

Data can all be expressed in terms v (28+£64+£45).107° g
of the quantities: < v (BE£B1E4S) 15'3'_3 14

T (8.0+ 3.4) .10 [5]

X, YV, §Kﬂ, ¢, Iq/pl y (3.3+£28) 107° [9]
UOE (13.1£4.1). 1072 [10]

-[ \ Ar (0.1 34) 107% [10]

\ o0& O 1.004+ 088 [11]

from which one calculates the L (04101 £0.0018) ps  [19]

fundamental mixing parameters:

\_ M12:|M12|€_1%: I'y=|Iy, > ) Global Fit
Parameter A3% prob. 05% prob.
eTTTTTEEEEEEEEET { -------------- . T (48428 107° [—0.0007, 0.0102]
. y (B1+1.0).107° [0.0023, 0.0102)
| Mz|To = w; |T'1z|mo = ! M , E Sxr (—21 i‘iﬁ::' [—1Di°,4iﬂl
‘l\.' 401 — &%) 1'( 1— a2 : ¢ (-1 10) [—487, 257]
_ |I‘]_3|E _|_¢1_|M12|3 = (12 +y3]|qf1ﬂ|33’1'5 : |§| -1 0.01+£020 [—0.41,0.84]
sin Py = 4]0, .70l y o IMyz|  (B1£31).107%pe!  [0.0007,0.012]] pe!
: P13 (—4 £ 33 [~&8°, 70°] L [183°,268°]
with 5=l p—lof= L[| 2 P lecocccooon ! T (18.5+45). 107° pe~'  [0.0087,0.047) pe
= Ip-laf= 4 —1)
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< Model-Independent constraints on New Physics )

Chi. N ey

o . {)ellp b/OHI Lal "=,

zl The determination of M, can be used to place e _7_04204 ;!

constraints on any extension of the SM Teeet
% % _ IEJ.I_:‘III.DHI I
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we assume it flatly distributed in o
[-0.015, 0.015]/ps NP
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< Application: Constraints on the ‘general’ MSSM )

4 )
v In the MSSM, squarks get (most of their) masses via ‘soft-terms’.
The latter are off-diagonal in flavor-chirality and generate FCNCs.

When soft-terms are completely general, one can suppose SUSY contributions
to AF = 2 be dominated by quark-squark-gluino boxes.

basis where g-s-g vertices are flavor-violation will be manifest in the

flavor-diagonal |:> (off-diagonal) squark propagators:
flavor-violating Mass Insertions

7

General
X f(SUSY mass ratios)

Structure

SUSY corrections ~

SUSY
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( Constraints on Re/ o] and Im/[ J] )

way
appear in the
ampliude

p
|:> General procedure: Our matrix element is written as follows

(D|HCT DY) = Ay, + AiUSY(Re(6X‘§)@+ i Im (84
—

SM part part proportiona
“to a given ¢&° 7

< |> We switch on one &, at a time: LL only (= RR only), LL=RR, LR only (= RL only) y

5 5 < 0.002

LL‘ < 0.037 ‘ LLZRR‘ < 0.006 ‘
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----------

e
L
TR
P (R e R R T~ = s mn s | IR
............................... "
EEm®=ssssss- . | — L sassscannnpDREllRDOR RN nEaas .
goEessssssas= | «..ee.snsoe0000 EE0000R s ne e -
OOOoEsEsssssssss F aasesanenpoD000 RO OOR s s e Aikis
SR TR
o Sk
g g Sognoneasss-- -
----- 8 1 Egll'---
---------- 1 u [=f=l=]
Hoaass: .
........ DoOOOOEsssss o«
[=] [=] ppEEEs s = ® ==
\\\\\\\ oo ooo
oog ooao
oog| aom
oo mm
......... me
.......
--------
.......

: My = My = 350GeV : D.Guadagnoli, HEP 2007, Manchester, 19-25 July 2007



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
QQQQQ

Conclusions

Jll, Ui .~ 1C 938 g4 ALl W U e U JC UVU1I10

in cases of very invasive new FCNC sources, like the general MSSM

New data put models with quark-squark alignment outside
the reach of the LHC

\ J
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Conclusions

n this situation, sufficiently ‘strong’ statements on NP can only be done
in cases of very invasive new FCNC sources, like the general MSSM

New data put models with quark-squark alignment outside

the reach of the LHC

|ZI However, we do have a Golden Channel for NP: observation of (large) CPV

Immune to hadronic uncertainties

. Clear NP signature if, e.g., &,,> 10~ )
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