‘ D physics theory overview \

Standard Model @ LHC 2012, 10-13 April, 2012, HC@ Institute



Outline

1. Charm meson leptonic and semileptonic decays
2. DO - DPoscillations

3. CP asymmetry in D nonleptonic decays

Correlation of NP in
. . AC =2 and AC =1
Questions: transitions

1. SM improvements?
NP signals in charm
and relations with

2. Search for new physics?s
PRy top NP

NP in up- quark
sector «» NP in
down-quark sector



Motivation to study charm meson leptonic and semileptonic decays

» Independent determination of CKM matrix elements V_ and V4 (CKM fitter);
> Possibility to test theoretical tools - lattice QCD;

» HQE & OPE determination of power corrections.

Leptonic charm decays
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Exclusive charm meson semileptonic decay modes
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Becher & Hill, (2005), parametrization using dispersion relations;

Becirevic& Kaidalov parameterization of form-factors still agrees well with
experimental results
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Direct determination V4

HPQCD 2011, preliminary

o -
IV 1=0.234 (6)exp.(12)lat. |
— | Veq| from fp : 0.218(10)(4) -
| PDG 2010: Semileptonic decay | |
(Fermilab/MILC 2005)
PDG 2010: Neutrino exp. i

PDG 2010: Unitarity  0.2252(7) o

second row unitarity from lattice QCD:
H/cd’Q + ‘V’csl2 + H/cb’2 — 098(5)
0.234(13) 0.961(26) 39.7(1.0) x 10~



DY — DY oscillations and indirect CP violation

The neutral D meson system is the only one created out of the up-type quarks.
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Standard : Dq) : .
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a,,b VP2 + q|2

(p|D°) +q|D%)

(p|D°) — q|D?%))

- intermediate down-type quarks

- due to CKM contribution of b — quark negligible;
- in the SU(3) limit O;

- long distance contributions important;
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P12 € [—7.1°, 15.8°]

P9 q/p } they give variable which inform us about CP violation

(D°(t) — f) —T(D°(t) — f)
(DO(t) — f) + T(D°(t) — f)
sensitiveto ¢ /p

I
af(t) = T
X, y =» CP conserving



Standard model: recent developments
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Two approaches within SM

Inclusive approach

Exclusive approach
(quark-hadron duality assumed)

(individual decay channel that
contributes mixing of D

Georgi, (1992) Ohl, Ricciardi,

Falk, Grossman, Ligeti, Pethay , (2002) Simmons, (1993)
Falk, Grossman, Ligeti, Nir, Petrqv , (2004), Bigi, Uraltsev, (2001)
J. Donoghue et al. (1986) (1987)

Cheng, Chiang (2010) @arge theoretD
uncertainties




Heavy — quark expansion in D system

Absorptive part of . /
N N\

I' 12 >’\ /f‘\.-.

v - ’:_ N\

Leading dim 6 QCD corrected Dim 9 Dim 12 |
) ! might be even dominant!

I
Severe GIM cancellation

Lenz et al.: Higher order can be important, -
enhancement of (15)

1 =0 AC—11 7 i  AC—
Y=T Z pn (D" [H =" ) (n|HE" =1 |D°)
* HQE does not work for D system; |
* NP in D system

Recent development within SM: Bobrowski and Lenz, 0904.3971
Bobrowski, Lenz, Riedl, Rohrwild 1002.4794
Attempt to use QCD to its limits!



New Physics in AC = 2 transition

Most general effective Hamiltonian at scale

Anp > my
1 5
HAC' cu cu
<
L — R.

cu —a,., a=0F3_upB

Q1" = urycrurytcr
g = -ﬂ%c‘iﬂ%cﬁ,
cu _ —a B0

Q3" = UgcuRCr, l
iu — l_l,cé CcItJ l_li CK—; : n = 1 GeV

: —a B-B a

o = wdule

RG running of Wilson coefficients relates NP from higher scale up to the 1 GeV
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Gedalia et al. 0906.1879,
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- Im(z
i < 0.012 Im(2y4)
Y sin ¢y < 0.0022 Tm(zs)

—

Isidori, Nir, Perez, 1002.0900

Golowich et al, 0705.3650; Bigi et al. 0904.1545,
Altmannshofer et al. 0909.1333, 1001.3835
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Direct CP violation in charm meson decays

2011/12 New Results

(DY — f)—T(D° — f) dir <t>f ind
A — _ . =aq -4 a
negligible

[—0.82 £ 0.21 +0.11]% LHCb result
Aacp = acp(KTK™) —acp(ntn )=

[—0.62 + 0.21 £+ 0.10]% CDF
(combined
individual

Aa¥, = [~0.645 + 0.180]% HFAG) U

There are individual measurements of A by BaBar, Belle and CLEO,
(very large errors)!



Nonleptonic charm weak decays

- Cabibbo allowed q’=s, g=d;

AT ~ ‘/csvud ~ 1

- Cabibbo single suppressed g'=s(d), g=s (d);

AT ~ ‘/csvu& Vcdvud ~ A

q
C Veg:
(A
& *
_ /.
D - K~ n™ “L?qu
[
q
U
DY — n~ 7T+ D - K~ KTt -, |
q,q = s,d

- Cabibbo double suppressed g'=d, gq=s’

AT ~ ‘/;dvus ~ )\2

H?Ad:l - \/— Z (YqQS

- 1=1,2

Q{ = (aq)y_a (gc)v_

Qg = (2aqg)v-a (@3

DY - 1 KT

+ H.c., q

A
CQ)V—A )

It looks simple, however

no reliable framework!

(e.g. Buccella et al.,

PRD 51, (1995) 3478 - FSI)

= s.d,



SCS decays charm meson decays

As(D — f) = Af[l+rpe’or)]
Af(D— f) = AF[L+rpe’Crt)]
strong phase

tree level amplitude penguin/tree contribution

Direct CP asymmetry

a}lir _ ‘Af|2 - ‘11:1]?‘2
[Ag|? + |Af|?

= 2rpsiny sind ¢

siny = 0.9 for 6y ~ O(1)

ajlc” ~ 21y




SM features of CPV in D

> CPVinD-D mixing suppressed dueto  O(Vy, V.5 /Ve V5 ) ~ 1073
> direct CPV suppressed due to  O([V, V.5 Vo V¥ g /) ~ 1074

Are there any possibility that direct CPV is increased within SM?

Brod, Kagan, Zupan, 1111.600
ag+r- = (—0.233+0.17)%  Franco, Mishima, Silvestrini 1203.3131
EXp- Bhattacharaya, Gronau, Rosner 1201.2351
Ao = (0.20 £ 0.22)% Bigi and Paul, 1110.2862
Goldenand Grinstein, PLB 222 (1989) 501.

SU(3) fits (Chiang, Cheng, 1001.0987, 1201.0785; Bhattacharaya, Gronau, Rosner
1201.2351; Pirtskhalava, Uttayarat 1112.5451 )

for max. strong phase: Aacp = 4ry ry~ 0.15%
naive estimation 7y ~O([Vy V. /Ves Vi as /m) ~ 0.01%



* Wilson coefficients - perturbative; (Brod, Kagan, Zupan)
 matrix elements — leading term + power corrections 1/m,
 tree amplitudes from experiment;

* relate penguin amplitudes to tree amplitudes

using naive factorisation + O(a),
rough estimate

P | A¥ (leading power)
rit =

- //
/’-’.’_ - =
- . _’/-’;V/_,— " ussen [
g el —
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= As(Ak =A%) + M(A) — A%) A= VedVig
— (A5 — A%) 4+ M\ (AY — A%)  using CKM unitarity As T Ad + Ap =0

“ . . ” d
These tree topologies do not give A%, A% “Penguin contraction” create Afe, A7

SM explanation possible! Aacp = (0.05 — 0.1)%

This model leads to explanation of long-standing puzzle

Br(D° - K*K~) ~ 2.8 x Br(D° — nfn™)

Brod, Kagan, Zupan (arxive:1203.6659)




General isospin parametrization

Franco, Mishima, Sily, 3strini (1203.3131)
“1(D+ ﬂ- _A2

A(D0 — 7r+7r_) = Az — \/_(A{)' + troxmby) ,

NG A(B) CP even(odd)
A(DO _ 7r07r0) _ \/§A5 + A§ + irckmBg ,
V3
I\

ADT - KTK") = 2 + AX +ircxuBY,

4(DD 5 I'\"+[&"-) B .A + .A — .AO\ + irc}{_\,vIB{‘; — i'I‘CKI\,IB(I]{
y = 5 ’

A ( D() N ]'\"0 If\,-o ) .A + .A + .A + 'i'I‘CKI\,iBﬁ + 'Z‘.T‘CK_\JIB(I){

y 5 _

|AZ| = (3.08 £ 0.08) x 1077 GeV .

AT = (7.6 £0.1) x 1077 GeV

e re-scattering constrains the 1=0
arg(Az /Ag) = (£93 £3)°. amplitudes in the 11T and KK channels

With the present accuracy, observed asymmetries are marginally compatible with SM.



New physics possibilities in CPV charm decays

. . 0.000
RSM AK N AK I
K _ s _ Ad” ~0.002
K K i
b S :
RSM _ A, — A5 0004
T _ O |
As — AS 3 ,
~0.006
~0.008 |

M I LHCb
Aacp ~ O.lS%Im(ARS ) ~0.010 1 1 1 l
02 0.5 10 2.0 50 10.0
|ARSM|

ARSM — RSM 4 pSM

(Kamenik’s figure)
Isidori, Kamenik, Ligeti and Perez, 1111.600

In order to explain experimental result ARSM O(2 — 5)



Isidori, Kamenik, Ligeti, Perez, 1111.4987
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q — q9)s —
Hisemr = 5 2132 CIQs + He.,  q=s,d,
1 = (ug)v_a(qc)v_a,
q __

5 = (taqp)v—a (@aca)v—a .

QI = (ue)y—a(qq)v+a,

_ GF 1 = (u q
7yefi—NP _ 109 4+ VO Qs = (tacg)v—a(Gsga)v+a,
|Ac|=1 \/§ 1':12,2:,562(]:( zQz i Qz ) e

Gr Qr = —gez meou(1+35) P e,
F I A
+ (C;Q; + C;Q;) + Hee. | qg B

V2 i=7,8 Qs = —ﬁ me oy, (1 +v5)T G ¢,

Aacp ~ (0.13%)Im(AR®™)+8.9) "Im(C{") Im(AR;}")

SM,NP _ SM,NP SM,NP
AR = Ry, + R



c " * LL 49 operators excluded;
* LR 49 operators still allowed — possible
Oi e effectin D - D and £'/¢;
* RR 4q operators unconstrained in EFT.
q q I

highly UV sensitive, model dependent

DO — DO oscillation and €'/e (CPV in K—=»TrTT give important constraints
on the size of direct CPV in charm decays)

Interesting result (Gedalia, Kamenik, Perez 1202.5038) on universality of |A F=1]
left-left operators, charm and kaon physics dominated by 2 generations

OL = [(XL-)U @ﬁ"“@j] L, Im(X})12 = Im(X )19 o< Tr (Xp - J)

Br(K; — nlete™) < 2.8 x 1071% (mostly CPV process)
ll

Br(DT - ntete™) —Br(D™ - efe™)
aD — < 0.02
© Br(Dt - ntete )+ Br(D- — n—ete™) ™




SUSY Models

Grossman, Kagan, Nir
hep-ph/0609178,
Giudice, Isidori, Paradisi 1201.6204,

general parametrization of NP AC =1
chromomagnetic (imaginary) operator
IS not constraint

{A bU\\ | ~ 0.6% |Illl ((5?2 .)LRl E
. 103 m

SUSY models: “primary source of flavor violation comes from large

LR squark mixing (Giudice, Isidori, Paradisi 1201.6204)

1) “disoriented A-terms” (universality in squark masses and trilinear terms are
proportional to corresponding Yukawa matrix;

2) split families.

Both scenarios passed all other constraints EDM, FCNC top decays, rare B decays...




4th generation

3 gen CKM non-unitarity + b’ penguin: (Feldman, Nandi, Soni, 1202.37995)

Ay
Aacp x 4Im [/\d g ] size of this contribution can as large as SM onre

Branching ratios for DO — 47— #+K— K+K— require U-spin violation O(1)
from LD dynamics

Mode BR Acp in % 50 Reach
Dt - Kgnt [ 1.47x 1072 —0.52+0.14[25] [ 1x 1073 o
D. Snnt |304x102| —61+30[49 |07x103| 20 possibleit
, o LHCb will produce
—5.5+ 3.7+ 1.2 [25] o
- . , 10° charm mesons
Ds — Ksnt | 1.21 x 1073 6.6 + 3.3 [49] 4x107?
6.53 + 2.46 [25]




Top-quark physics <> charm physics

Double top production at Tevatron

1 do
= d cos 6, —/ d cos
or 0 dcosf co8Ys 75 1 dcosf o8

Forward-backward asymmetry

or —0B _N(Ay>0)-N(Ay<0)
or +op N(Ay>0)+ N(Ay <0)

Ay =1y — Yz
Double top production at LHC

Charged asymmetry
OF —0B N(Ay2 > 0)—N(Ay2 < 0)

A = sign(Y =
¢ = sign( )0'F+0'B N(Ay? > 0) + N(Ay? < 0)

Y=y+uy;
Ay? = y? — y?

Tevatron

top
anti-top

LHC

A

top
anti-top




O/O°*P

Tevatron

20,
15}
10

05F

00¢L

A%B ] Kuhn and Rodrigo, hep-ph/9807420,
] 1109.6830
] Kidonakis, 1009.4935, 1105.3481
(COR) 1 Beneke et al, 1109.1536

1 Ahrens et al, 1003.5827

_\.Nma

o — o(T00GeV < my; < 800GeV) Akp = Arp(myz > 450GeV)

=
m.~
T

<t

03
02}
01}

00|
01}
02!

Tevatron

(CDF)

| Ac=0.00140.014"
AL = —0.008 £ 0.047 (ATLAS)

ATLAS: no deviations from SM!



Are there any consequences of Tevatron anomaly in double top production
on charm physics?

existing scenarios explaining anomaly in t t production:

- axigluon s-channel q t
- color triplet u-channel \/
- color sextet

- doublet t-channel |
-W q £
.7

Our recent fit of SM + NP:(S.F., JF. Kamenik and B. Melic in preparation)
Forward-backward asymmetry, charge asymmetry at Atlas, cross-section at Tevatron

A ohiy = (804 0.37) fb next-to-last bin m,; e [700,800] GeV

B: m:  bin spectrum at CDF, no cross - section
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Z’ and W’ cannot satisfy both results Tevatrpn Az and A,

Viable NP scenarios explaining observed anomaly top — anti-top production:
axigluon, in the both cases A and B, scalar doublet, colored triplet and sextet are good

candidate for NP in the case B (the CDF result on invariant mass spectrum is not taken
into account)!




Comparison of NP in tt_ production an charm physics

both contribution a tree level:

DY — DO
U Gu t u gu%
_ :I Z', sextet,.. ':
uu — tt L B : -
U * t C U
Aﬂt A:u
|gut|:3:1 |guc|““(L01
tree and box
U Gupr 1 P S BTN S

I I

| )

' A A : t At
— triplet L ' : !

! I

L L

0
i
I
I
0
U * t :
gut c — . o uw c B R u

T12 < 9.6 - 10_3

$12’Sin@12’ <44 . 10_3

Dorsner, S.F. J.F.Kamenik, Kosnik,
1007.2604

|guc| < ‘gut‘




Color sextet in CPV in D — D mixing

Altmanshofer et al, 1202. 2866

]

Constraints from direct CPV in charm, kaon mixing and
£'/e cannot be simultaneously satisfied!

2HDM

Direct CP asymmetry
possible to obtain for

low charged Higgs
mass and the large
tan 5 ~ O(100)

Altmanshofer et al, 1202. 2866
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New scalar doublet G~ (1,2) 19

Hochberg and Nir, 1112.5268

Direct CP in D decays and Az in £

scalar doublet contributes to CPV AA, at tree level!

For tt ull — t¢

X13q), Ptr, Xa1q), Pur

constraints from

A

{KO—[_(O, DO _ PO |

Possible to explain Tevatron anomaly and direct CPV in charm!

|
Y



Perspective for CPV in charm decays

- to improve precision in measurements of AA,,for D -> KKand D -> 11

-DO _>K>|<:|:K:F, DO _>10:|:7.‘_:F

- In decays A
y Dt (1)7#7 D;L L BK the same operators appear

- to determine asymmetries in D three body decays



Summary

- lattice and experiment good agreement in leptonic charm decays.

- 2.8 o deviation of observed CPV in charm decays:
- dilemma: SM effect or NP?

- correlations of NP in D oscillations and CPV D decays;
- interplay of NP in B, K and charm.

-experimental results in double top production — new possibilities for
NP in the up - quark sector!
- are the any consequence on the charm?



Experimental results

Channel BR

D S ata® | (1.19=+0.06) x 102
D° — wtr~ | (1.400 & 0.026) x 10~2
D° — 7°7° | (0.8040.05) x 1072
D+ = K+Kg| (2.83+0.16) x 1073
D° = K+K- | (3.96+0.08) x 10-3
D° — KsKs | (0.173 £0.029) x 10-3

Channel Acp(%0)
D" — KTK~ | 0.00=0.34%0.13
D° — mtr™ | —0.24 £ 0.52 + 0.22 [PP2R0709-2571

D — KTK~— | —0.43+0.30+0.11
D° = wtr— | 0434+0.524+0.12 } Belle,0807.0148

D’ — KsKs —23+19 }CLEO,hep-ex/ 0012054
D°® — 7970 0+5

Dt — KK _ 01406 Belle 1001.3202, PDG 2010
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