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Introduction: identifying New Physics

& "Inverse
§ LHC problem”

The LHC ring is 27km in circumference

How can SLAC and other older machines help with New Physics searches?
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Introduction: charm and New Physics

Charm transitions serve as excellent probes of New Physics

Unique access to up-quark sector

1. Processes forbidden in the Standard Model to all orders

Examples: .
D" —>p'nv

@ Processes forbidden in the Standard Model at tree level

Examples: p— _
@DO mixing) D — X7, D —> Xvv

3. Processes allowed in the Standard Model

Examples: relations, valid in the SM, but not
hecessarily in general

CKM triangle relations
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Introduction: mixing

_ = _ AQ=2: only at one loop in the Standard Model:
¥ b possible new physics particles in the loop
w W : : : T
AQ=2 interaction couples dynamics of D® and DY
: d,s,b - _f(a(®)) 0 .
k \D(r)>_(b(t)j_a(t)\z> >+b(t)‘D >

D-D mixing

» Time-dependence: coupled Schrddinger equations

P A S S SR A i

D ~ i |4 p°
za_t\D(m_(M 2rj\pm> Lz A}\D(r»

» Diagonalize: mass eigenstates = flavor eigenstates
Coupled oscillators ‘13L2>==4p‘l)o>j:q‘l)0>

Mass and lifetime differences of mass eigenstates: x = M, 1: M, , Y = —F22_FF1
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w W : : : T
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: d,s,b - _f(a(®)) 0 .
k \D(r)>_(b(t)j_a(t)\z> >+b(t)‘D >

D-D mixing

» Time-dependence: coupled Schrddinger equations

P A S S SR A i

0 ~ i |4 p°
za_t\n(m_(M 2r]\p(t)> Lz A}\D(r»

» Diagonalize: mass eigenstates = flavor eigenstates

»")

1 0
Coupled oscillators No CPV: ‘Dl,2>:>‘DCPi>:fUD >i

Mass and lifetime differences of mass eigenstates: x = M, 1: M, , Y = —F22_FF1
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Introduction: why do we care?

_ te _ 0 0 . . 0 0 . .
b d D™ — D" mixing B” — B mixing
w W
P t.c.u * intermediate down-type quarks | * infermediate up-type quarks
P ~ -
Vit . | 58 * SM: b-quark contribution is * SM: t-quark contribution is
B-B mixing negligible due to V V" dominant
— 4d,s,b — |- rate < f(m,)- f(m,) - rate o« mt2
(zero in the SU(3) limit) (expected to be large)
W W Falk, Grossman, Ligeti, and A.A.P.
Phys.Rev. D65, 054034, 2002
- 2"d order effect!!!
c
4.5 1. Sensitive to long distance QCD | 1. Computable in QCD (*)
S 2. Small in the SM: New Physics! | 2. Large in the SM: CKM!
i | (must know SM x and y)

(*) up to matrix elements of 4-quark operators
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How would new physics affect mixing?

» Look again at time development:
. 0 i A p°
—1| D =|\M —-—T||D = D
o) = - 41 )Ipw)=| 47| 1p)

> Expand D’ —D" mass matrix:

1 (O] | Hy 1)1 [y | D])

i _ 1
M~-—T| =m\’6, +—— (D} | H, > |D%)+
( 2 j by 2mD< L ‘ J> 2mDZ,: m,—m. +ig

y

Local operator, affects x,

g ) Real intermediate states, affect
possible AC=2 new physics

both x and y= SM, AC=1 NP!

1. |X >> Y| : signal for New Physics?
> x = y| : Standard Model?

2. CP violation in mixing/decay
new CP-violating phase ¢
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Experimental constraints on mixing
i

) Belle Kev
ﬂ- Avernge ¥
{) BaBar Kn
{) BELLE Kx
{) CLEOK=
'[:::l Focus kn

i . 95% CL allowed
Idea: look for a wrong-sign final state

PV allowed ——

1. Time-dependent or time-integrated
semileptonic analysis

Belley,, (1o)

rate oc x° + y ? :ﬁ ...................................... P T

Quadratic in x,y: not so sensitive =

2. Time-dependent D°(t) > K*K~ analysis
(lifetime difference)

O

@ BaBarKn
— Belle K nw

B T(D —)7Z'+K_)
Yer = 7(D—>KK)

1-R

—1=ycos@g—xsing

S~ 0°0 measured by, = 0" assumed
by CLEO 5% C.L. Limits

3. Time-dependent D°(t)—> K'z~ analysis
[ 2.5 3 75 10 125 15

2

F[Do(t) —>K+7z—]= e |4, 2{R+\/§Rm (;‘cos¢—x‘sin¢)Ft+R7:"(y2 +x2)(Ft)2} X’ (%)

2
2 _ |4 . )
R, == , x'=xcosS+ ysino, y'= ycosd —xsino Sensitive to DCS/CF strong phase 8
X e L PR SR TR R T £ S e A T T O T N
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Recent results from BaBar

Time-dependent D —Kn
analysis

Lys(0) = er’[R +y\/7(l“t)+( 2 (Ft)

No evidence for CP-
violation

Accounting for
systematic errors, the
ho-mixing point is at 3.9-
sigma contour

30

20

‘:‘E10
>0
-10

-20

— 77—
BABAR e Dest fit
preliminary X (0.0)

Physical solution
(y'=6.4x1073)

3.17 x 10 (1o)
4.55 x 10 (20)
2.70 x 10 (30)
6.33 x 10 (40)
5.73 x 107 (50)

I
1.0 -0.5 0.0 0.5 1.0
x2/103

Rp: (3.03 £ 0.16 % 0.10) x 10-3

Evidence for DD mixing |

x'2: (-0.22 £ 0.30 + 0.21) x 103

AR N YA TR L
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y: (9.7 £ 4.4+ 3.1) x 10-3
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Recent results from Belle

)
Time-dependent D —KK/nr analysis %’
=
_oKx) __AD
yCP - T(K_K+) noCPVy o
'D’*—>KKH)-T(D">K K" .
CPV:A. = ( 5 — +) (_0 — +) E
I'D" > K K)H)+I'(D" > K K") 10 F g )
Belle data perE e
e 0.17 § —
Yo p (‘%t) Ar (%) ~ 0.16 ge;ieér;(hm:zy ; D'+ K

KK 1.254+0.39+0.28 0.151+0.341+0.16 .§ 15 — decay time ratio

T 1.44+0.57+£0.42 | -0.28+0.52+0.30 | Sou4}
KK+ nr | 1.31+£0.324+0.25 | 0.01+0.30+0.15 0.13 *’*a—:t#_%_ “““ iy
0.12 }
Yep=131% 032+ 0.25%
0.1F
No evidence for CP-violation 0.09 bt T I

| Evidence for DD mixing ! |

(courtesy of A. Rahimi)
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Recent results: summary

BaBar and Belle results

yh = (0.97+£0.44£0.31)-10"2  (BaBar) .

g

/
D
P = (1.31£0.3240.25)-1072  (Belle)

Similar results from CDF

Belle Dalitz plot result (D%—Kgn*n-)
rp = (0.80 £ 0.29 £0.17) - 1072 ,
yp = (0.33 £ 0.24 £ 0.15) - 1072

Preliminary HFAG numbers
rp =85707.107%

yp = 7.1737 - 107 (cos O = 1.09 & 0.66)
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Mixing: theoretical estimates

Updated predictions

A.AP. hep-ph/0311371

1.00E+00

1.00E-01
1.00E-02 +
1.00E-03 +
— 1.00E-04 +
=
1.00E-05 +
1.00E-06
1.00E-07
1.00E-08

1.00E-09

New Physics mixing predictions

1 3 5 7 9 111315 17 19 21 23 25 27 29 31

Standard Model mixing predictions

Reference Index

¢ x from new physics
|y from Standard Model
x from Standard Model

(papers from SPIRES )

AR N YA TR L
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1.00E+00 ++—~++-+—++-++++—+++—++++++++—+++—+++—+++++++++++++
1.00E-01 11 4 7 10 13 16 19 22 25 28 31 34 37 40
1.00E-02 | 0 o
oA B A
LOOE-03 | A |a, A O g
= |
= 1.00E-04 | A O
5 A A A
x 1.00E-05 | AAAA A A O
1.00E-06 || A A
1.00E-07 | L‘fn:'
1.00E-08 |
1.00E-09
Reference Index
» Theoretical predictions are all
over the board... so:
» Can x)y ~ 1% be a SM signal?
» What is the relationship between

23

xandy (x ~y, x>y, x<y?)in the
S’randlerd Moydel? Y Y
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Theoretical estimates I

A. Short distance gives a tiny contribution m, IS large !!!
z = msz
=
dfs)

.. as can be seen from a "straightforward computation”...

.3 G2 'mgf2 Mp ‘ , oy o
- o = Fg,{ri 5“‘ (Cg — 2010, - 3C’f)

p T 2 J[ r ¢ —( 5
o) — CEmel M 5@ [C@BD —2(02 20,0, — 365)33”] oo mt A
3720 1 :

Bp — gg(;)l cmi A

. XLO >> YLO l“

1+ N, 4F;m; B
N, 2m,

with <D°‘ul“ cul“c ‘D0> L, elc.

Notice, however, that at NLO in QCD (X 0.YnLO) > (X0, Yio)

77 82 ; ;
io = = - l) C3+14 C1Cy + 8 Cff]

‘1‘2. .C 2 N E v,
5 3 ° An § 9
— —-bBy K - —) C3 420 C1Cy + 32 C‘f] ) , XNLo ™ YNLO!

(c) 9 3

Example of NLO contribution Similar for x (trust mel)

E. Golowich and A.A.P.
Phys. Lett. B625 (2005) 53
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Theoretical estimates I

A. Short distance + "subleading corrections” (in {m,, Z2/m_.} expansion):

2 2 2 2
(6) (m _md)2 m,+m, 6 A -6
Ysa — — Miag Mg A
m, m;
4 ynknown matrix elements
(6 o ( —m )z -2 4
sd luhad oL m A

..subleading effects?

9) 3 -3
ysd s ms A i
(9) 3 .3 — B 15 unknown matrix elements
X, o m; A . =
H. Georqi, ...
=9 ..
I. Bigi, N. Uraltsev
(12) 2 2 A2 c 7]
Sd e ﬂO (:u )ms A -
£ (2) s Twenty-something unknown
Xea € a g (ﬂ ) mg A matrix elements
u =
k Leading contributionl!! Guestimate: x~y~ 1032
d=12
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Resume: model-independent computation
with model-dependent result
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Theoretical estimates IT

B. Long distance physics dominates the dynamics... m, is NOT large !!!

v =3 o L0 [ ) 2 DY (B0 | 3 0]

.. with n being all states to which D° and D° can decay. Consider nrt, 1K, KK
intermediate states as an example...

J. Donoghue et. al.

¥, =Br(DO N K+K_)+BI’(DO N 7z'+7z_) P. Colangelo et. al.
(D2 cos & \/Br(DO - K+7z'_)Br(DO N 7z+K‘)

cancellation

If every Bris known up to O(1%) M the result is expected to be O(1%)!

expected!

The result here is a series of large numbers with alternating signs, SU(3) forces O

Need to “repackage” the analysis: look
at the complete multiplet contribution

x = ? Extremely hard...
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SU(3) and phase space

* "Repackage” the analysis: look at the complete multiplet contribution

y=Y v, Br(D* > Fy )~ Y yF’RLZ r(p° - n)

Fp F neFp

* Does it help? If only phase space is taken into account: no (mild) model dependence
> (D°|H,|n)p,(n|H, D)

_ nefFy

Vrr Z;<DO‘HW‘n>pn<n‘HW‘DO>

. e
- ST(D > n)

neFy Can consistently compute

[ e el i e MRS S Dok e R T A o e e T S S N T
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Example: PP intfermediate states

« n=PP transforms as (8x8)s =27 +8+1, take 8 as an example:

Numerator: /

AN’8 = ‘AO 2312[;—CD(77,77)+ ;—(D(ﬂ'o,ﬂ'o)-l-

+c1>(1<+,1<)—é—cb(n,KO)—é—cb(n,F)) —o(k,r)-o(k 7))

Denominator: \

2[;-@(77,K0)+CD(K+,7Z‘)+;—CD(KO,ﬂO)+ O(Slz):l

phase space function

A, =14

0

« This gives a calculable effect!

A
Vyg = ——>=-0.038 s =—-1.8x10 "

D .8

1.  Repeat for other states
2. Multiply by Brg, to gety

ORI T TSAL. SOERET L Lt A TR T R e R o M T T T T
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Results

_Fi nal state representalion e st .'='|i HER ['-E-]
Prr G —0.0035 —0.018
27 — . O0R0T1 —[h 0034
ol Hg LRTK 015
B4 0032 015
10 R L))
i) .0 (.08
7 0.040 149
{V r}.g-w.a_'l.:e 3 — L8] —{.39
a7 — .06 —{1.30
(VV)p-wave q —0.10 (.45
27 —{.14 —{1.70
(V¥ )} iwave ! 51 2.5
27 | B3T3 2.8

* Product is naturally O(1%)

* No (symmetry-enforced) cance
- Disp relation: compute x (model-depsadence)

naturally implies that x,y ~ 1% 1s
expected in the Standard Model

Alexey A Petrov (WSU)

L
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* Final state represeilition e R 5t g ()
(3P )s-wave s —{45 —-2.3
27 —h.11 —{.54
I:fF:Ilr_pw.“'E R —1.13 —N0
27 - (L0 ~{).36
138 form-Factor & =044 -1
27 —0.13 —ﬂ:ﬁ_l
IT: 3 1.3 16
27 2.2 9.2
" 27 1.9 11
Final state fraction
| oo s 3%
PV 10%%
{VV }s-wave G
VYV wave L
3~ &0 AF.Y.G.,ZL,YN. and AAP.
iP 0 Phys.Rev. D69, 114021, 2004

E.Golowich and A.A.P.
Phys.Lett. B427, 172, 1998
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Resume: a contribution to x and y_of the
order of 1% is natural in the SM

What about New Physics?
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New Physics in x and y

> Local AC=2 piece of the mass matrix affects X mww<
u~1TeV

' D’ N INI|HA | D°

u~1GeV

i

» Double insertion of AC=1 affects x and y: »< ><

Ampli*ude An = <D0 ‘(H?Aizl +[—[§Ule)‘n> = A:’M n A;VP u dfs)

Suppose

A% ‘ ~ O(exp. uncertainty ) <10%

Example: y——an(An + A, )(AnSMJrAivp)

Y (A A A )

phase space Zero in the SU(3) limit Can be significantll!

Falk, Grossman, Ligeti, and A.A.P.
Phys.Rev. D65, 054034, 2002
2nd order effect!!!
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Global Analysis of New Physics: AC=1

E. Golowich, S. Pakvasa, A.A.P.
Phys. Rev. Lett. 98, 181801, 2007

> Let's write the most general AC=1 Hamiltonian

‘9_[}%1[(-"__1 = Zqu (}'L)Q] * C_jl(du‘)QZ]'
q.q' lLlSlTeV

0, = ﬂfflf}}q;fzc'f. 0, = i;T'q,g;Tsc;,

Only light on-shell (propagating) quarks affect AL

426 .
= FZV VgD oy (K188 + K36,06 1)

MDFD
5
WA

e _

(9'11 = iyl v, aciiuel y"THe,
ijke _ - 5 = .

07" =y, p.Lyc;a ' p I e,
e e

Oy = ', Uyc,a 0l p. I e,

with K, =[C/C,N. + (C,C, + C,(,)] K, = C,C; and

This is the master formula for NP contribution to e o
lifetime differences in heavy mesons OF = u P lhesad e
@;jkf — ﬁkrﬂf’zcjﬁgl:‘][""c'f,

Alexey A Petrov (WSU) 13 FNAL seminar, November 15 2007



Global Analysis of New Physics: AC=1

E. Golowich, S. Pakvasa, A.A.P.
Phys. Rev. Lett. 98, 181801, 2007

» Some examples of New Physics contributions

A.AP.and G. Yeghiyan

arXiv:0710.4939 [hep-ph]
Model Vp Comment
6 10-6 Squark Exch.
RPV-SUSY
-4 10 Slepton Exch.
-5 10-6 ‘Manifest”.
Left-right
-8.8 1073 ‘Nonmanifest’.
Multi-Higgs 2 10-10 Charged Higgs
Extra Quarks- 10-8 Not Little Higgs

For considered models, the results are smaller than observed mixing rates
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Global Analysis of New Physics: AC=2

» Multitude of various models of New Physics can affect x

R
- mww u>1TeV
bt ht <
"y _,I_J'T
[} It l
u<lTeV
H
B L
H" l
i 1el}
. kl 3 L) 9
T I i : :"li.'
' 1 T
— L 2 : : L]
(] 0] L) u~1GeV

Lt RSN TR T AR T T R A R P TR
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Global Analysis of New Physics: AC=2

};{{ u>1TeV

» Multitude of various models of New Physics can affect x

u<lTeV
E.Golowich, J. Hewett, S. Pakvasa and A.A.P. " FOUF‘ GmigOS" l
u~1GeV

[ e e DR S Dl S e R R T T T T e e A T R S SR TR
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Global Analysis of New Physics: AC=2

E.Golowich, J. Hewett, S. Pakvasa and A.A.P.
arXiv:0705.3650 [hep-ph], PRD, to appear

» Let's write the most general AC=2 Hamiltonian

<.f‘H:\-"P‘f> = GZC-:'(lf-) <.ﬂQr""i>(ﬂ)

<1TeV
.. with the following set of 8 independent operators... '
Q1 = (Urvyuer) (Wpyter) Qs = (Trowcr) (Wrotcr) |
Q2 = (Uryucr) (Wpyter) | Qs = (Wpyucr) (Wpyter) |
(3 = (urcr) (Urer) | Q7 = (ircr) (Urcr) . i ? >{ %
Qy = (ugey) (wpey) Qs = (Upocr) (Uotcy) .
1~1GeV

RG-running relate C,(u) at NP scale to the scale of u~ 1 GeV, where ME are
computed (on the lattice)

Each model of New Physics
provides unique matching

d = L
Cu) = 4" ()C(p) condition for C,(Ayp)

dlog n

Alexey A Petrov (WSU) 10 FNAL seminar, November 15 2007



Resume: New Physics contributions do not
suffer from QCD uncertainties as much as
SM contributions since they are short-
distance dominated.
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New Physics in x: lots of extras

E.Golowich, J. Hewett, S. Pakvasa and A.A.P.
arXiv:0705.3650 [hep-ph], PRD, to appear

» Extra gauge bosons

Left-right models, horizontal symmetries, etc.

» Extra scalars

Two-Higgs doublet models, leptoquarks, Higgsless, etc.

> Extra fermions

4'h generation, vector-like quarks, little Higgs, etc.

> Extra dimensions

Universal extra dimensions, split fermions, warped ED, etc.

» Extra symmetries
SUSY: MSSM, alignment models, split SUSY, etc.

Total: 21 models considered

[ e el i e MRS S Dok e e R T R e e A R S R TR SO
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Dealing with New Physics

» Consider an example: FCNC Z°-boson

appears in models with AN
extra vector-like quarks Aue
little Higgs models
1. Integrate out Z: for p < M, get
9’ 2
,}_[‘ 3 — P A ] ”E_l ~,, C ﬂ ﬁrf"uc
237 S cos? 0., M2 (ue)” T ypertinyes
2. Perform RG running to p < m, (in general: operator mixing)
g° ‘
H2/3 = (Auc)z -}"l("rnc’q J[Z)Ql 0.02} l-sigma Excluded

8 cos? 0, M2

3. Compute relevant matrix elements and x;

L2/3) _ 2Gpf5Mp
o D e

2
; D(/\“C) ?ﬂl(m‘”ﬂjz) %:01 0.015 0.02 0.025 0.03 0.0_35
3\/§FD ;Luc'lo_Q

Alexey A Petrov (WSU) 7 FNAL seminar, November 15 2007



New Physics in x:

extra fermions

> Fourth generation

T(_;”f) C;;—Jlf{;
. ]') ()

fD 1IDBU/\U*S(IU Ly )'rl('r”r J'[‘.i )
» Vector-like quarks (Q=+2/3)

(-3 _ GF

1 ~ 5T, ——— {2 Bpri(me, My ) MpME, (Vi ua,) f(zg)

» Vector-like quarks (Q=-1/3)

(2/3) 2Gp

. _ _2Gr
b 3+/2I'p

/\uc = — (I/Lkdl/;d + I;:I s + V ubI tb)

(Mue) 71 (me, My) f2 Mp By

Alexey A Petrov (WSU) 6

!
XDQ,M

vy 0.0004

1071 Lk

Xp
S
]

n

T 1§ ] T e ., T 3 R PR o
0.0006 1-sigma Excluded

0.0005

0.0003

0.0002

l-sigma Excluded

0.015¢

0.005

O-
0.01

0.015 0.02 0.025 0.03 0.035

Auc+1072

FNAL seminar, November 15 2007



New Physics in x: extra vector bosons

> Generic Z' models
- 2 ] 9 B
@y [fpBopMpg2 oo oo 1 7 Lo (1 '
Ty = oy A 13 (Ci(m,.) + Cg(m,)) + Cy(m,) 3+3 Cs(m,) T 0.01
2 I
i
/ /
. 1.75L-sigma Excluded B x![/
» Family symmetry
1.5
E 1.25
e ) 2 2
(F'S) < p S . . 9 2
ry = rm, M| —=—-—=|foMpBp 3 1
D 30, 1 ) (mf -mﬁ) InMpBp :
Lg“ 0.75
0.5
> Vector leptoquarks 0
0.2 0.4 0.6 0.8 1 1.2 1.4
m ' 10°% Gev
(VLQ) ! (00 + Ar(0e)) + L2 3 00+ Ar(Qa)
rn = = . (AL{C) + Ar((s) ) + ——— (AL(Q7) + Ar(Q4))
b ?jrr’?-mi(b-,lﬂn.’lh;- S R\%6// T g mf_{-g LA e

___JbMbBp
o R2e2mi )

- 2
5np m:

(AL + Ar) (1 + 5

)

3
Mmiq

AR N YA TR L
Alexey A Petrov (WSU)

0.025

1-gigma Excluded

0.015

0.005

5 6 7 8 9 10 11 12

- 103 Tev

0.025

0.02

l-zigma Excluded

0.01

0.005

150 200

Myrg ,

FNAL seminar, November 15 2007
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New Physics in x: extra scalars

R R oo e[ R R e o RRone]
la Exoluded
» 2-Higgs doublet model
_(2HDM) (,} M, - ?
Ip = szl_‘” f” U’;)B'g)? 1%?” ‘J”- ) i
XY A [’rall'] BAun(zi, vy, xy) + tan® 3Aw g (i, 2, vh)
i
107
» Flavor-changing neutral Higgs
0.017%
0.015
0.0125
- P . o
am  ofpMpBp[l-6n ., | N U 5 001
A , — (Cy(m,) +n(Cy(m,) + C:(m,) (Cs(me) +Cs(me))| £ 4 ors
D 241";):1)‘5 5) (M) 71 (LA, TMe)) = 5 i "o
0.0025
0
0.36 0.37 0.38 0.39 0.
> Higgsless models e
0.014 \ B
y Y1 sigma Exclude
0.012 & 5 Fretuded
37 2 ; 0.01
() ‘fijjlf[)}}f) e 32 O 2 S — o Y S 1 1]
I F—”{r:‘,__.-,-;__] 7 |3 (Ci(m,) + Cg(m,)) + Cy(m,) . + . =, 0,008}
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New Physics in x: extra dimensions

> Split fermion models ® g

1071 L 17 Excluded

#p

: 9
_lsplit) = 22, 2 s AT o Jux |2 02
x = mg” Rime Ay ri(me, M)V Vil foMp B

A

» Warped geometries N

1071 5 17 Excluded =

(R2)

107%
2 "2 1 W - - Nﬂ
(HS) .{ 8 .f I}f}_‘, [Jl) _) i ) N N J‘ N B J i A
-f-'}:,: ' = - j 5 2 _—[C»]{Hq’r.J -+ {,E}{H?r._] — —I(,Q{HF(.!I o _—(;;;1‘,‘?3(._}
3_”]" Fg) 3 ) G 12 108

w1 L

+ others...
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Summary: New Physics

Model Approximate Constraint
Fourth Generation (Fig. 2) Vo Vabe| - e < 0.5 (GeV)
= —1/3 Simglet Quark (Fig. 4) sz -mg < 027 (GeV)
Q= +2/3 Singlet Quark (Fig. §) [Pac| = 2.4 1071
Little Higgs Tree: See entry for ( = —1/3 Singlet Quark

Box: Region of parameter space can reach observed rp

Gemeric Z' (Fig. 7) Mz /C = 2.2.10° TeV
Family S8ymmetries (Fig. §) my/f = 1.2 10° TeV (with my /me = 0.5)
Left-Right Symmetric (Fig, ) No constraint / CO ns i der‘ed 2 1 We' l
Alternate Left-Right Syvmmetric (Fig. 10) Mp = 1.2 TeV (mp, = 0.5 TeV)

{Amjmp, )/ Mg > 0.4 TeV=1 es TG b I |S h ed m (0] d e I S

Vector Leptoquark Besons (Fig. 11) Mirg = 55(App/0.1) TeV / Onl 4 mOdels iel ded no
Flavor Conserving Two-Higgs-Doublet (Fig. 13) No constraint y .y
Flavor Changing Neutral Higes (Fig. 15) mu/C = 2.4.10° TeV usef u I CO nST r‘al nTS
FC Neutral Higgs (Cheng-Sher ansatz) (Fig. 16) m | A = 600 GeV / Co nSu l T paper. fo r. exp I ic |'1_
Scalar Leptoquark Bosons See entry for RPYV SUSY .
Higgsless (Fig. 17) M = 100 TeV CO nST r‘a' nTS
Universal Extra Dimensions No constraint
Split Fermion (Fig. 19) M/|Ay| = (6107 GeV)
Warped Geometries (Fig. 21) My > 3.5 TeV E.Golowich, J. Hewett, S. Pakvasa and A.A.P.
Minimal Supersymmetric Standard {Fig. 23) |{6% )LR,RL| < 3.5+ 1072 for o7~ 1 ToV arXiv:0705.3650 [hep-ph], PRD, to appear

|(8a L, rR] < .25 for e ee 1 TeW

Supersymmetric Allgnment m o= 2TV
Supersymmetry with RFV (Fig. 27) NapMp/mg, , < 1.8 1073 /100 GeV
Split Supersymmetry No comstraint
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Conclusions

» Indirect effects of New Physics at flavor factories help to
distinguish among models possibly observed at the LHC

- a combination of bottom/charm sector studies
- don't forget measurements unique to tau-charm factories

» Charm provides great opportunities for New Physics studies
- unique access to up-type quark sector
- large available statistics
- mixing: x, y = 0 in the SU(3) limit (as V"V, is very small)
- mixing is a second order effect in SU(3) breaking
- it is conceivable that y ~ x ~ 7% in the Standard Model
- large contributions from New Physics are possible
- out of 21 models studied, 17 yielded competitive constraints
- additional input to LHC inverse problem

> Observation of CP-violation in the current round of experiments
provide "smoking gun” signals for New Physics
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Additional slides
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Questions:

1. Can any model-independent statements be made for xor y?

What is the order of SU(3) breaking?
i.e.if X,y oc m, what is n?

2. Can one claim that y ~ 7% is natural?

[ e el i e MRS S Dok e e R T R e e A R S R TR SO
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Theoretical expectations

At which order in SU(3) breaking does the effect occur? Group theory?
i c _
(D°|H, H, |D")=(0|D H, H, D|0)

is a singlet with D — D, that belongs to 3 of SU(3),. (one light quark)

=1

u

The AC=1 part of Hyy, is (;,.cxgjqk)i.e.3x§x3 =15+6+3+3= H)

O = (sd)ud)+ (uc)sd)+ s (de)ud)+ s (uc)dd)
— s, (sc)us)— s, (uc) ss)—s2(de)us)—s(uc)ds)

O, = (sd)ud) - (uc)sd)+s,(de)ud)— s, (uc)dd)
— s, (sc)us)+ s, (uc)ss)—st(de)us)+ st (ue)ds)

Introduce SU(3) breaking via the quark mass operator M ; = diag (m ,m, ,,m )

All nonzero matrix elements built of D, H ,i’ , M i

; must be SU(3) singlets

ORI T TSAL. SOERET L Lt A TR T R e R o M T T T T
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Theoretical expectations

note that D.D_ is symmetric =  belongs to 6 of SU(3)
(D°|H, H, |D")=(0[D H, H, D|0)

DD = D,

Explicitl
Xplcity. H,H, = O05+0, + 0,

1.No 6 in the decomposition of H,, H,, = no SU(3) singlet can be formed

=) | D mixing is prohibited by SU(3) symmetry

2. Consider a single insertion of M ; = DM transforms as 6x8 =24 + 15+46+3=
still no SU(3) singlet can be formed

=) | NO D mixing at first order in SU(3) breaking

3. Consider double insertion of M = DMM : 6x(8x8), =|(60 + 42H 24 +15+15 +6)
+(24+15+6+§)+6

= | D mixing occurs only at the second order in SU(3) breaking AF.Y.G,ZL.,and AAP.
Phys.Rev. D65, 054034, 2002
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Quantum coherence: supporting measurements

Time-dependent D"() =K'z~ analysis

2
4. ‘Z{R +vRR, (y'cosg—x'sin )Tt + RT:” (y2 +x° )(Ft)z}

'\'\

2 . .
0.6 where 2 —|dw | and x'=xcoso + y51'n5
0 Axn- y'=ycoso—xsind
s 02 Strong phase & is zero in the SU(3) limit and
sSin
v strongly model-dependent
02 A. Falk, Y. Nir and A.AP.,
JHEP 12 (1999) 019
04 |/
I 15 2 25 3 35 Strong phase can be measured at CLEO-c!
R exp S
V2 A(Dey, > K )= A(D° > K7 )+ 4(D° > K7
. B ko ED R |
- . ith -1 of dat
2\/EBI"(DO—)K 7[+) With 3 fb™! of data cos 6 can be
Silva, Soffer: determined to |A cos 0| < 0.05!
Gronau, Grossman, Rosner
| o Tl e e RS S Dl L e L R R FIE T T A T TR T e e g A T R R T S SR T
! FNAL seminar, November 15 2007
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Theoretical expectations

« [f SU(3) breaking enters perturbatively, it i1s a second order effect...

A = A4 + 0. A. Falk, Y. Grossman,
l SU (3) i Z. Ligeti, and A.A.P.

Phys.Rev. D65, 054034, 2002
* Known counter-example:

1. Very narrow light quark resonance with my~mg

2 2
& pr g pr
X,V ~— > T T > _ 5 S5 Most probably don’t exists...
mp—mp Mp—nmy—2M 04

see E.Golowich and A.A.P.
Phys.Lett. B427, 172, 1998

* What happens if part of the multiplet is kinematically forbidden?

Example: both D° — 47 and D° — 4K are from the same multiplet, but the
latter is kinematically forbidden

see AF., Y.G., ZL. and A.A.P.
Phys.Rev. D65, 054034, 2002
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CP violation: new experimental possibilities 1

1. Time dependent D°(t) > K"K~ (lifetime difference analysis):
separate datasets for D° and DO

(D" > K'K)-T'(D" > K'K)
Aep (f) = — =" ycos@—xsing
r'(D* - K*K‘)+F'(D° > K*K—) 2

This analysis requires
1. time-dependent studies
2. initial flavor tagging ("the D* trick")

Cuts statistics/sensitivity

Alexey A Petrov (WSU) 5 FNAL seminar, November 15 2007



How would CP violation manifest itself in charm?

> Possible sources of NP in CP violation in charm transitions:

> » CPV in decay amplitudes ("direct” CPV)

A(D—)f):tA(D—)f)
With b-quark contribution neglected.

> CPVin D° _E mixing matrix only 2 generations contribute
9 = real 2x2 Cabibbo matrix

2

_2M, —il',
M, -l

R* =

m

# 1

P
q

» CPV in the interference of decays with and without mixing

2, =9 _p ool A
p 4 4;

At this point CP-violating signal is a "smoking gun” signature of New Physics
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A bit more about CP violation in charm
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CP violation: experimental constraints

1. Standard analysis: rate asymmetries

r(p>f)-r(D>7) Mode E791, % FOCUS, % | CLEO, %
Aep ()= F(D5 f)er (5 N ?) DO — K*K- -10+4.9+12 | -0.1+2.2+15 | 0.0+2.2+0.8
DO - n*n- -49:78+30 | 4.8+3.9+25 | 19+3.2:08
— 2
_ 1_‘Af /4 ‘ DO — Ksn® 0.1+1.3
— 2
1+‘Af/Af‘ DO — 7Ox*K- -3.1+8.6

... which is of the first order in CPV parameters, but requires tagging

2. Recall that CP of the states in D°D° - (F)(F,) are anti-correlated at y(3770):
>  asimple signal of CP violation: y/(3770)— D°D° — (CP%)(CP+)

| R 2 2
_ 1 1 2 2 . 2 2 .
1 _a4 /
f » Af ... which is of the second order in CPV parameters, i.e. tiny
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CP violation: new experimental possibilities

Look for CPV signals that are
1. first order in CPV

2. do not require flavor tagging

Consider the final states that can be reached by both D and D°,
but are not CP eigenstates (1p, KK*, Kn, Kp, ...)

Zf—27
Zf+2?

Agp (f,t):

where

£, =T(D" > f)[]+T(D° - f)[1]

A.A.P., PRD69, 111901(R), 2004
hep-ph/0403030
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CP violation: untagged asymmetries

Expect time-dependent asymmetry...

AgP (f,f):

e[ 4+ B (Te)+C(Tr)’ |

1
D(¢)
.. and time-integrated asymmetry
A% (£ 1) :%[/HB +2C]

.. whose coefficients are computed to be

a=la (-l fla )= (1faf ] ) |

B :—2y\/§ sin¢sin502f‘2 +‘A7 2j—COS¢COS502f‘2 —‘A?
A

2
b
X Ao
C=— 4. — =R This is true for any final state 7
2 A(D0 —>f)
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Alexey A Petrov (WSU) 3 FNAL seminar, November 15 2007




CP violation: untagged asymmetries (K*r-)

For a particular final state Kn, the time-integrated asymmetry is simple

Ay (K+7Z'_) =—ysinSsingvR

This asymmetry is
1. non-zero due to large SU(3) breaking
2. contains no model-dependent hadronic
parameters (R and o are experimental observables)
3. could be as large as 0.04% for NP

Note: larger by O(100) for SCS decays (rp, ...) where R ~ 1

A.A.P., PRD69, 111901(R), 2004
hep-ph/0403030
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What if time-dependent studies are not possible I?

t-charm factory (BES/CLEO-c)

Time-integrated D° — K*z~ analysis: DCSD contribution cancels out
for double-tagged D°D’ — (K z*)(K z*) decays!

" D — f f,
f; f,
D — fif, < ‘DOBO>LZI:%HDO(ICI)BO(/CZ)>—‘Do(kz)ﬁo(/ﬂ)ﬂ

B ~= N ~= N
A(DODO »(Kn)z):%«](;z)( 7 )|H, D°D°>@%<(K‘7z+ & 7 Heﬁ,‘ D°D°>
/ /
CF DCS
R[(Kﬂ' XKVf )j _ x>+’
(K Tt XK v ) 2

2

P

q

2
—'D

P
q

Quadratic in x,y: not so sensitive
wanted: linearinxory

H. Yamamoto; I. Bigi, A. Sanda
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What if time-dependent studies are not possible IT?

t-charm factory (BES/CLEO-c)

» If CP violation is neglected: mass eigenstates = CP eigenstates
» CP eigenstates do NOT evolve with time, so can be used for "tagging”

i 7
DCP(+) - fi./,

f,

CP
Eigenstate (-)

‘DOBO>L - %HDO(kl)BO(kZ)>+(—1)L

(-)
» 17-charm factories have good CP-tagging capabilities -
CP anti-correlated y(3770): CP(tag) (-1)- = [CP(Ky) CP(nO)] (-1)=+1
CP correlated y(4140)

Can still measure y:

Bl = yCcos@=— o

D. Atwood, A.A.P., hep-ph/0207165 Ftoz 4

D. Asner, W. Sun, hep-ph/0507238
WL FTTTEAL ORI L

r(D,,. — XIv) 1 (Bj B’j
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