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''Theoretical issues in heavvy flavor physics"'

K T puzzle LP2011, Amol Dighe

Window to New Physics beyond the SM

Puzzles that may lead directly to NP
@ The K — m puzzle: is it just matrix elements calculation ?

@ Anomalous like-sign-dimuon asymmetry
@ B — 71r-: loss of universality ?
@ Lifetime difference and CP phase in Bs; decay

Questions that may not have quick answers

@ Why three generations ? (Only three, are we sure ?)
@ Why the extreme hierarchy of masses ?

@ What is the source of CP violation ?
@ What about baryon asymmetry ?




Old puzzle

o Before 2004, the K 1 puzzle was said to be in the ratios of
averaged decay rates:

Year = %:: = %; Difference

pirsginal | mh | o<l
P P_C'—PL., B!
pre-2004 1.15+0.12 0.78 £ 0.10 240
2004 ICHEP 1.00 +0.09 0.79 £ 0.08 1.90
2005 LepPho 1.10 +0.09 0.82 £ 0.07 1.60
2008 ICHEP 1.12 £0.07 0.99 £ 0.07 1.30
~—~

o It is by now clear that this puzzle is disappearing and
the remaining small difference can be explained by the
contributions of C' and P';,, amplitudes



Measuring direct CPV with B-oKn
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Measuring direct CPV with B-oKn

(B — f)—-1(B—F
= : /) ( /) x sin Ag¢ sin Ad

A = .
“ B — 1)+ (B —J)

Diagrams identical except for spectator quark ?
= strong and weak phases are the same, A, should be the same ?



B- Kt measurements at B-factories...

Continuum suppression:
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B- K1 measurements at B-factories...
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K puzzle
AAyg, = ACP<K7TO) — Acp(K)

BoK F Bo>K

Belle Nature paper:
AAy. =+0.164 £ 0.037 @4.40

Belle preliminary :
AAy. =+0.112 £ 0.028 @4.00
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K1 puzzle [LHCb-CONF-2011-042]
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Contributing diagrams
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Contributing diagrams
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Contributing diagrams
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Contributing diagrams
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Contributing diagrams
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Contributing diagrams
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Contributing diagrams
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Perturbative predictions
Cheng-Wei Chiang

(BAS 2011.2)
Group aiaf A
2008 ICHEP 0.050x0.025 —0.098 =0.012
QCDF [54] —0.036 —0.041 Beneke, Neubert 2003
pQCD i —0.0972-08 i Mishima, Sanda 2005
SCET —0.11x0.14  —0.06 = 0.08 ‘Williamson, Zupan 2006

- ﬁ._ll &hc-ve predictinns rnughl}r agree wit]:l c:-haerved ﬂcp'*

But all of them have the wrong Eign for ﬂcpﬂ”

* Take OCDF for Example, thnugh the inclusion of pﬂnguin
annihilation amps brings up the K m rates and get the Eigna
of ﬂcp(:l‘['H*, n K#+, pﬂﬁ*, .ﬂ:*:l'r} cﬂrrrect 1']’.'1&}-" mess up with
the signs of ﬂcp(ﬂﬂﬂ”, 1'|Hf, I]I{Eﬂ D) Suhlﬂadl_ng 1/my,

-\.nr.la-\.

corrections to C are 1*&quirecl. Cheng Chua 200

L

[but probably not such bad disagreement, look errors...]



Possible explanations

Cheng-Wei Chiang
(BAS 2011.2)

* Within SM: large nulﬂﬁaupprcsaed lePlitudﬂ (E") with a
sizeable strong Pl‘mae relative to T’ [feaﬂihle PEI"ELI.I"'EHIiVE].J.f

F["'EII'I'I NLG vertex ﬂ{!I'I'E:ﬂh..EIDE -El_l'ld. I{T Fhﬂtﬂrizﬂtiﬂﬂ

breakdnwn]. CC, Gronaw, Rosner, Suprun 2004
L1, Mishirna, Sanda 2005, 2009
CC, Fhou 2006

- Bel}rc:-nd SM: adc]itic:-nal EW~Penguin t}rpe :}f ampli‘tude

from new Pl‘l}-"ﬂiﬂﬂ [feaaiblﬂ 1n, ep., SUSY, FCNC st

m:}dela, 4 G, E:l'c'.] : Toshikawa 2004; Buras et al 2004;
Barger, CC, Langacker, Lee 2004

Baslk et al 2005: Hou et al 2005



Conclusions from...

Cheng-Wei Chiang
(BAS 2011.2)

* The Very c:-riginal K x Puzzle with the ratios nf rates has
diaappeared.

*The K=n puzzle with the CPA's is not seen to be a serious
PI‘-‘.}]]lE:m AS Ets within and ]:}E.}'ﬂnd sM give Eimﬂar qua,lit}r.

* New Ph}rsiﬂs 15 not atrﬂngl}r ﬂ.ELU.E:d fc:-r here.



''Theoretical issues in heavvy flavor physics"'

The Km puzzle LP2011, Amol Dighe

The puzzle

A, = AGP(B+ — K+?TD) — A(;P(BO — K+?T_]
= 0.121 +0.022= 5.80 from SM(P.Chang, EPS2011)

i

s it just matrix element calculation ?
@ C and Pgy corrections may be high
@ QCDF: large imaginary values for C and Pgy amplitudes

@ Evidence for large Py should have been found from
B(Bt — nK)/B(B° — wK) and
B(BT — pK)/B(B° — pK); not founc

@ Large C = breakdown of power-counting in SCET
But SCET seems to hold for all other modes !

@ pQCD claims that higher order corrections resolve the
problem, but there is no consensus on this.
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Contributing diagrams
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Important component: it has the interesting diagrams C and Py,



Measuring direct CPV

'"Model independent'' sum rule for all four modes:
[Gronau, PLB 627, 82 (2005), Atwood & Soni, PRD 58, 036005 (1998)]

; rn:| T . 9 2 FII._“ T IRB( ruru
AcplRTT7 )+ Acp( K" |BI' h_ ) AcplRTwY) I_[ ﬁ_i ] F Aop{K'n") B( lr? ]
B(KTmr=) T, B(Ktr=) T, B(K*n™)
B factories now (~1.4 fb"):
%
A(K'A% | P
0.10 | )
:Dﬂﬁ A : . -~ --.;;j,.-’ f-'.--
> ~
measured AT PP IR - 0 _a i
(world avg) |-00s5 ! ' 0.05 0,10 _f,x"ﬁ.lﬂ-' C 020 0.25
o )
4005F e A(K’x)
I i [ e ~
i : I ._.-' _.-""-'-.
[ L (e
expected ¥ ATTTTFRTTCT J_.x’“fi
(sum rule) > A(K%70) = -0.01= 0.10
et A(K%7*) = 0.009= 0.025
- A(K*a%) = 0.050+0.025
Frm = =02~ - - A(K*r) =-0.098+0.012




Measuring direct CPV
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Where else to look for direct CPV ?

o CPV in charm provides a unique probe of New Physics
— sensitive to NP in the up sector

— SM charm physics is CP conserving to first approximation
(2 generation dominance)

# Cabibbo Favored (CF)
c— sdu (D— K 77)
# Singly Cabibbo Suppressed (SCS)

¢c— s5u (D— K KT)

¢c—ddu (D— 7 7t)
# Doubly Cabibbo Suppressed (DCS)

c—dsu (D— 7" K™)



Direct CP Violation

o Consider CP conjugate decay amplitudes of mesons M —f and M—f
ﬂ-‘lrll_Illl..r o f,l — _:!.-_Ir.E'_f*}. 1 a4 ?'_fE':.':'j-r —dr f :]
IT".T..F — ‘iEI — -].Jf—f_ i-._}.lllr []_ +ry Ei::'j,’ TPy ;]

AE is a dominant tree-level amplitude with weak (CP violating) phase b
r, is relative magnitude of subleading amplitude containing new weak
phase ¢;

relative strong phase é&;

o In SM SCS D decays the subleading amplitudes are the penguins

o Direct CP asymmetry:

AP = AP
AL+ A2

dir

= Ei'“r SIN @ § SINd f



o in charged D decays, straightforward to measure - just the rate
difference:

ND+t — f—T(D- = f)
D+t — fi+ (D — f)

Ed"'::

e.g. a¥T(K.K*)=(0.09+063)%HFAG, (atBelle: 0.16 + 0.6% )

15000_—_|_ data -
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NN random
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\\\\\\\\\ \\\\\\\\ \\\\\\\\\\\\\\‘“\\T\\i\“\&
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o in charged D decays, straightforward to measure - just the rate
difference:
LD+ — fi+ (D~ — f)

e.g. a?(K:K1)=(0.09+063)% HFAG, (atBelle: 0.16 + 0.6% )
> D°'s more complicated: must subtract indirect CPV contribution from

time integrated CP asymmetries:

DY — f)-I(D" = f)
iy = : —
C (D= i+ (D% — f)

o The indirect CP asymmetry a™ =a™ + a'

a™: CP violation in mixing CPVMIX
a': CP violation in the interference of decays with and without mixing CPVINT

a'™ is universal - independent of final state.



o at the B-factories:
aj = ﬂc}ir T+ ﬂi::il. Emil i"."I -|—-Il

o at CDF (due to cuts on proper decay times):

gt g— = -.’tf_ljifl_l + 2.40a'™9, Apr 4 jr— = .g_':;':'_'r o 12 I G5 gind
o at LHCDb (due to cuts on proper decay times):

gt - —Qpin- =gt - —ani - +(0.1+£0.01)a™



Where else to look for direct CPV ?

o Remember: need (at least) two contributing amplitudes
with different strong and weak phases to get CPV.

o Singly-Cabibbo-suppressed modes with gluonic penguin
diagrams very promising
— Several classes of NP can contribute
— ... but also non-negligible SM contribution

C S ;
- - ¢ t

u

(a) Tree diagram. S (b) Penguin diagram.

Difference between A ,(D° -K"K ) and A, (D’ »n"n)

- Expectation from U-spin: A™(KK)=—-A" ()
o Conclusion could be softened by large U-spin violation in power
corrections|Kagan |



D’ 5 K"K, "~ measurements

Year Experiment CP Asymmelry in the decay mod€ DO to 41 ) [TD0)-L(DObar VTDOHL(D0bar)]
2010  CDF : i +0.0022 £ 00024 = 1,001 |

2005 | BELLE Stari LLEC 5. Lott, B ATI, 190 2008) +01.0043 + 01052 + 010012
200%| BABAR | B_Aubertetal (BABAR Collah.). Phys. Rev. Lett. 100 061503 (2008). 00024 + 00052 + 00022
2002 CLEO S.E. Csorna et al. (CLEO Collab.). Phys. Rev. D 65, 092001 (2002). +0.019 % 0.032 £ 0,008

2000 FOCUS I M. Link et al. (FOCUS Collab.). Phys. Leit, B 491, 232 (2000, +0.048 0,039 £0.023

1995 | E791 EM. Aitala et al_(ET91 Collab ), Phys. Lett, B 421, 405 (199%), 049 + 11078 = 0030

COMBUOYS average HLOO20 = (10022

Dominated by CDF, especially for D°—n" n~
K"K™ and 7"~ values consistent with zero but have opposite sign



Formalism

Araw () = (Acr(£)+A(£)+Ap(r.)+Ar(D))
/)F

physics CP asymmetry

Production asymmetry

Detection asymmetry of soft pion

> s0 when we take Apy(f) —Apw(f') the production and soft
pion detection asymmetries will cancel. Moreover...

> No detector asymmetry for D° decays to(K'K"), (m"m")

...1.e. all the D*-related production and detection effects cancel.
This is why we measure the CP asymmetry difference: very robust
against systematics.

AAL=ALK'K)—-Ap(n )



Mass spectra

Showing D can::lldate mass for D™ candidates within O<&m=15 He"-"n:" &m = r'n[l:l': 11 ] - m[D"] - mjr* ]
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Comparison with world average

LHCb: AA,;=[-0.82 +0.21(stat) £ 0.11(sys)]|%

EPS 2011 \

— LHCb band drawn by

— hand. not HFAG approved!
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one order of magnitude above the naive SM expectation!

New Physics ?

is an order of magnitude enhancement of a,, plausible in the SM ?
|Brod, Kagan, Zupan, arXiv: 1111.5000|



from A.Kagan's seminar

The tree amplitudes

B the tree amplitudes (in SU(3) diagrammatic notation) are
ATKYK ) =V Vue(Trkk + Exk), AT (7 77 ) =V Vud(Tex + Exz)

B T isthe "tree-amplitude” (e.q., Thx = fr Fp_ x in naive factorization,...)

B FEis the "W-exchange " annihilation topology amplitude: formally subleading in
1/m. - power corrections

\/,/
/\\



from A.Kagan's seminar

B The PP data implies Rosner & Gronau; Cheng & Chiang; Grossman, AK & Nir

Erxg ~Tky, Esx ~Trx

with large relative strong phases, large SU(3) breaking

& signals breakdown of 1/m. expansion - not surprising given the low charm mass
scale

B below will set magnitudes of tree amplitudes equal to the measured ones

AT(KTK )= 08keV, AT (st s ) = 0.5keV



from A.Kagan's seminar

The QCD penguin amplitudes

the penguin amplitudes are
AP(KYK ™) = -ViViePrr, AV(ntn7)=-ViVupPax
weak phases (relative to trees): — (ww) and = —~ (K K), and sin~ = 0.9

Difference of = in relative weak phases =

dir ]

Hig‘ll[ﬂ-H- e dir ]

= —signla_§ _—

unless 5U(3)y breaking is so large that sign of strong phases differs

in SU(3)p symmetric limit, magnitudes would be equal. Generically, expect

1i i
0%, o~ | ~ a%F __|



from A.Kagan's seminar

Summary on Standard Model penguins

& individual power corrections considered could be enhanced a factor of a few relative to
leading power.

& again taking AA-p ~ 4rp, and a renormalization scale g = 1 GeV, we find
AAcp ~0.3% I:P_r_ 1), HAAep ~0.2% {FJ':Q]

& Of course our results are subject to very large uncertaintie:
# extraction of tree ampltiudes £y from data
& use of N counting for penguin matrix elements

# the modeling of (}); penguin contraction matnx elements additional penguin

contractions not associated with log g cancellations. For example.in the partonic
picture comesponding to emission of more than 1 gluon from the s andd-quark
loops

& a cumulative uncertainty of a factor of a few is reasonable = a Standard Model origin
for the LHCb measurement is plausible



from A.Kagan's seminar

Conclusion

B A Standard Model Explanation for the LHCb measurements of A A~ p is plausible

B well motivated New pHysics explanations for the LHCb measurement can be
constructed



My own conclusion:

o Don't jump too fast to conclusion...

— Need more data to confirm these deviations...

....and look for others !

DCPV at Belle

= Todays news from LHCb:

first evidence of DCPV in cham
with 580/pb of 2011 data
AT_.Fiﬂu —3 H*H'_:I— A,[_.Fiﬂu —3 Jr".!r'.:l
=(-082+0.2110.11)% 3.5

Decay Lumi
D" = @x" 955fb
D" —spx™ 791fb
D" —sp'x" 791fb™
D' 5 K. x" 791fb™
D' - K. 791fb™
D' - K. 791fb™
D" s Kx 673fb™
D" =K 673fb
D" - K. K" 673fb"
D" K K"673fb"
D' - K'K 540 fb™
D' - x'x 5407

Acp %]
+0.51+0.28+£0.05,,
+1.74+1.13+0.20
—-0.12+1.12+0.20
—0.28+0.19x£0.10
+0.54+0.51+£0.16
+0.98+0.67+0.14
—0.71+0.19+£0.20
+5.45+2.50+0.33
—0.16x0.58+0.25

+0.12+0.36+0.22
—0.43+0.30x£0.11
+043+052+0.12

Charm Summary BGM November#011



My own conclusion:
o Don't jump too fast to conclusion...

— Need more data to confirm these deviations...
....and look for others !

— Unexpected doesn't mean New Physics

o More penguins tomorrow, maybe NP there ??
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