Some Implications of a Large Phase
in B, Mixing
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* Quick summary of the ¢, determination

06957
- the Tevatron measurements 080>
- the UTTit analysis VT gt

* Implications of a large phase in B, mixing
- model-independent & EFT analyses
- MSSM with generic mass insertions
_ SUSY_GUTS UTfit coll. - MC, Silvestrini

MC, Masiero, Paradisi, Silvestrini
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Phase of the SM B, mixing amplitude

The SM contribution to CP violation in B,

mixing is small and rather well determined:
* sin 2p,= 0.041 + 0.004 (arbitrary NP)

= 0.037 + 0.002 (SM or MFV)
The phase of the B, mixing amplitude can
be extracted from B, -> J/y ¢ with

a small theoretical uncertainty
Hence observing a mixing phase significantly
larger than 0.041 would be a
very clean signal of NP in B, mixing
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New Physics in the mixing amplitudes

1. find out how much room is left for

NP in AF=2 transitions
- add most general NP to all sectors
- use all available experimental info
- fit simultaneously for the CKM and
the NP parameters (generalized UT fit)

2. perform an EFT analysis to put

bounds on the NP scale
- consider different choices of the FV

and CPV Couplings UTfit collaboration
hep-ph/0509219, arXiv:0707.0636
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1. parameterization of NP contributions
to the mixing amplitudes

K mixing amplitude (2 real parameter):
ReA=C,,, ReA™ ImA=C.ImAL"

B, and B_mixing amplitudes (2+2 real parameters):

. . ., SM ANP . NP SM
2ip, 2ibg, ASM 20, g Q2ild, —¢g)
Ae'=Cge "A e =1+— e
q

sM _2i¢p>"
Al'e Pa

Observables:

_ SM _ ~ SM
Amq/K_CBq/AmK<Amq/K) e=C. &

Al =sin2(B+dg)  Bo—oJlwd: F(—B+oy)
AL =Im(T%,/A, AT Am_=Re[I'%/A,
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Results on the * the sin2p “tension” produces

B, mixing amplitude nowadays a ~1.50 effect in
= __ ¢, and the asymmetry in
= ~ | the (A"/A ", ¢ ™) plane
:: %o | Uk
: < o
“ Bd = 0.96:0.23
N e
* up to ~20% NP amplitude is st it
allowed for generic NP phase 0 ']
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new physics in B, mixing

' 3 the TeVatron realm w Co,= 111£0.32

% Am bs, = (-69£14)° U (-20+14)°
pe | 114(32) U (20+5)° U (72+8)°
*x TEI — 7 L
RS (&) —, 0F dark: 68%
* Ay S 6o

ffinf[}‘ngL BB f.ﬁ: x.ﬂ]ASSL
f dXdo T f.fs X s0

* AT, and ¢, from the

untagged time-dependent
angular analysis of SN AT

0 1 2 3 4 5 6

Bs -2 J/q’ (I) UTfit collaboration, arXiv:0707.0636 cEl,
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Recently both CDF and DG published the tagged
time-dependent angular analysis of B, -> J/V¥ ¢

2D likelihood ratio for Al' and ¢.

2-fold ambiguity present, no
assumption on the strong phases

arXiv:0712.2397
7-parameter fit + correlation matrix

or 1D likelihood profiles of Al' and ¢,

2-fold ambiguity removed using strong
phases from B -> J/¥ K* + SU(3) + ?

arXiv:0802.2255
Combining the two measurements requires

some gymnastic with the D@ results...
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:5 3 0.1 -E
: : :
o 6‘_ o
0.05
HEII! ) - ] .é_.‘sécli....sb...
%11 0, [ 0[]

= ‘ ¢Pps < 0 @99.7% probability
T Co,=1.07+0.29 ) :

. 1z§_ X __ (equivalent to the Gaussian 3o level)
w0k (. for any treatment of the DG data
-305— " 32_
a0 ‘ < ¢
50 UTfit collaboration  ,f
-ﬁl];— arXiv:0803.0659 3 A
700 g \
-80F = . | |

- i NP SM_ '
5o T Y R W S ¥ S AL BT, llklﬁjl
CB, ¢5NP=(-51i11)° -100 -80 -60 -40 -204’"%
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ICHEP '08 update (i)

w D@ released the 2D likelihood scan
w/o assumptions on the strong phases

“x ﬁn:_ Al =0.20 ps’ ":'; m:_ Alg=0.05 ps’
E B 0 E B 1] \
< sof B J/WO S sor B0 AT (SM)~0.07
£ I £ I cos(¢s)~0.09
< a0k < a0k
- Likelihood ~ at minimum C
E  BUT correlation is 30 AT'~0.06 at minimum ¢s
F important o ONnce theoretical relation
- ¢s ~ -0.60 @ MIN r is enforced

' ¢s ~ -0.40 @ MIN
10—

AN

48\ Enlarged data sample: 1.35 fb! -> 2.8 fb*
“s”’ opposite-side tagging only (equivalent to ~2 fb™)
CDF analysis: SM compatibility 15%(1.50)->7%(1.8c)
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ICHEP '08 update (ii)

Including the &™

80F
reanalysis oo o
of the DD data - | C_=0.97+£0.20
40 "
. - | 06,5(-70£7)°U (-18£7)° O
o 20
" ¢es < O I R
30' -> 2.50 P
New CDF data -40F
not included: ol (@
new CDF likelihood g **/ Ui
"not ready yet” o 1 2 3 4 5 6
SM compatibility decreased in the CDF analysis CB,
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If this evidence is confirmed...

* MFV models are ruled out, including the
simplest realizations of the MSSM
* the following pattern of flavour violation
in NP emerges:
1<->2: strong suppression
1<->3: <0O(10%)
2<>3: 0O(1)
this pattern is not unexpected in flavour
models and in SUSY-GUTs
* In progress: (i) update of the AF=2 EFT
analysis, (ii) correlations with AF=1 in the MSSM
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Marco

2. the AF=2 effec'rive Hamiltonian

. . . AF=2
The mixing amplitudes Aqe q=< ‘Heﬁf ‘Mq>
5
AB=2 ~ =
H,, ZZCZ-(H)Q(HHZCZ-(H)Q(H)
=1 =1
0,=q,y.b; q.y"b, (SM/MFV)
Q,=qnb; qrb} 0.=q%b" ¢" b’
Q4_4Rba _BbB Q quB bB
leggyub y“bﬁ
sznga _ﬁbﬁ Q3 QL ngbﬁ

7 new operators beyond SM/CMFV involving

Ciu

chini

quarks with different chiralities
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Hess can be recast in terms of the high-scale Ci(A)

- C(/\) can be extracted from the data (one by one)
- the associated NP scale A\ can be defined as

A=

LF i tree/strong interact. NP: L ~ 1
C.(A) perturbative NP: L ~ as® aw®
/

Flavour structures:

MFV next-to-MFV generic
- F1 = Fsu~ (V‘rqv’rb*)z - |Fi| ~ Fsm - |Fi| ~ 1
-Fiu =0 - arbitrary - arbitrary

phases phases
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present lower bound on the NP scale (TeV @95%)

B+K

B only (pre-Tevatron)

Scenario

MFEV
NMEV

(reneral

. !
strong/tree
0.0
(2

24000

g loop
0.5
(.2

2400

aw loop
0.2
2

800

strong/tree

14

2200

a, loop

1.4
220

aw loop

0.4
66

* AF=2 chirality-flipping operators are RG

enhanced and thus probe larger NP scales

* when these operators are allowed, the NP
scale is easily pushed beyond the LHC reach

(manifestation of the flavour problem)

* suppression of the 1<-> 2 transitions strongly
weakens the lower bound on the NP scale
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A Upper bound on the NP scale

In the presence of a NP evidence
the EFT analysis also gives an

UPPER bound on the NP scale (TeV @95%)

Scenario

NMEV

(General

strong /tree

35
800

a, loop
4
80

aw loop
2
30

upper bound < lower bound !l

the pattern of the flavour couplings
cannot be general nor SM-like
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MSSM + generic soft SUSY-breaking terms

All flavour-changing NP effects in the squark propagators

q
(03) 45 g=lu,d}, (4,B)=(L,R]
@ @) w)=23)
» NP scale: SUSY masses m ~m ;
S . (M):
» flavour-violating couplings: (87),,=—25=
m
(??L%L mg(Ag ptan3) {3%2)_,5[, {ﬁ‘fg}_.[.,q (i‘\iig]_r__.{, (Afgj'LR \\
?:-13-1{ (AL RE (AL RR (AL RL (AY3)RR
(MZ)g - mgL me(Ae — planB) (A)LL (e
m2 (AdYpr (A2 n
HEL my( Ay — ptan 3)
\ méﬁ /

Marco Ciuchini CKM Workshop — Roma, 11/9/2008 Page 16



g dy . . .
R trivial changes in
*h L
z g the case AB=2
d. 5 .
4 T dominant
. : & gluino-squark
5 d, contributions
e to the Wilson
k I
- _ 5 coefficients
k E |
«, & 4 P
Clz% 1<x> szﬁwlz)m]pz(x) C3:ﬁ<512)mf3<x)
= o N N S
C1:%2(512)RRJ{1(3€) C2:%2<512)ka2(x> Cszﬁwlz)mfs(x)
2
o N
C4:n72 56112)LL(56112) Y (x )+(66112>LR<56112>RL][4(X )] Gabbiani et al
X . hep-ph/9604387
Cs== (87,008 s (x) (80,0 (87 )0 s ()
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* chirality-flipping mass insertions are strongly bounded by
b -> s y: they are too small o produce the measured ¢,
case #1: single mass insertion, e.g. (8,3),,
* large MI needed for ¢,
tension withb ->s y AbSOz), m =350 GeV
* MI saturates at 1. u.14§— b->sy p"e/'?ni,,ahy
upper bound m < O(1 TeV) u.12_/

* huge effect in b->s penguins , 4
S0 ]S(¢Ks)-S(T/y Ko)lim o L
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case #2: double mass insertion, (9.,3), & (8.,3)kr

Abs(3,,), (0,4). * no need Of |(1r'9€ MIs: (623)LL~(623)RR ~3-4 - 10_2
900~ b ->s y is nho longer a problem

8001

700
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500
400
300

200

1005

: Il L L | i | Il | 1 1 1 Il —h | [l L | |_I = I L
00 0.002 0.004 0.006 0.008 0.01 0.012 0.014

* large effectsinb->s |

penguins still possible < °

(larger if LR MIsare o
GISO SWiTChed On) ::Tu.a T B R BT Ry :;M R R TR R TR
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SUSY-6UTs: b - svsT - U

If SUSY is broken at a scale larger than
M.+, squark and slepton masses unify,

including of f-diagonal terms i.e. Os

The following relations hold at M,

MC et al., hep-ph/0307191
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Lower bound on TFV in SUSY-GUT's

Parry, Zhang, arXiv:0710.5443v2 16-08 f———————— —
mass insertion analysis in a 107 8
SUSY-GUT scheme e
* RG-induced (3,3), T oo
* explicit (3,3)ke 5 _

0.1

& o [ o _tDSNP [degrees]]
'E‘ | In the UTfit range for the B,

-0.05

| mixing phase:
| BR(t—uy) > 3 x 107 |l

-0.1 : : . ; 0.25
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Hisano, Shimizu, arXiv:0805.3327

0 —
‘m::lil.s-:::_ ] LI LA
In a SU(B) SUSY-GUT with
-4 :
vp and supergravity-like - |
boundary conditions: N R —
-10
large . requires too large I
BR(T_)uy): marginal !!! 14 R R T 11 ||||T%u:=pe;rh:|1n:jl
107 107® 107 107°
Dutta, Mimura, arXiv:0805.2988 Bt — )

0.06

0.04 |-

Enlarging the GUT group to
S0(10), the correlation .-
BR(T—uy) can be relaxed
large ¢, correspond
to large CP asymmetries
inB - X,y
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Conclusions

The new UTTfit combination of the Tevatron
data gives a 2.50 deviation of &, from the SM
(new CDF measurement still to be included)
If confirmed, the SM but also NP flavour
patterns like MFV and NMFV are ruled out
A large &, in the MSSM can be generated by
double chirality-conserving 2-3 MI's ~10°
In simplest SU(D) SUSY-GUTs large &, can

be correlated to (too) large BR(t — uvy)
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Dunietz, Fleischer, Nierste

Time- dependen‘l' 4T x hep-ph/0012219

dtd cos 0dpd cos Y
Cmgl.llal“ anGIYS|S 2 cos? P(1 — sin? 0 cos? ©)| Ao (t)|2

TAGGED UNTAGGED | Mz H Shf P4
2-fold ambiguity 4-fold ambiguity +ﬂn\}ml L) A%\ A
(=, ~ATs, T-812) (0, ~ATs, +515) +(1/v/2) sin 29 sin? f sin 2pRe( A% (t) ()
+ (1/v/2)sin 2t sin 20 cos pIm(Af (t) AL (1))
).

(-0, AT, + _(75—81,2)) | .
- (-0, -AI‘S’ i(TC'Sl,z)) — sin? 1 sin 260 sin ale‘ﬂ(A”( )AL (t)

|Ag(#)]* = |A,(0)]%e™"" | cosh &21"1‘. — |cos ¢ sinh + sin ¢ sin(Am i)]

L | ATt AT ¢
[Ao(@)] = |A(0)]Pe™" _cn::rsh 5~ |ms¢:)|‘31n]1| 2| — sin(&mt}]
I {A3(0) 4.4 (1)} = |40(0)] [ A4, 0)] ™™

: . ... At
| sind, cos(Amt) — cosd, cos¢ sin(Amt) — cc:nnn:_:,: sinh 5 ]
m {7571 ()} = |40(0)] [ 4. (0)] e

Al't
— Si-;js{&mt} + cosd, cos¢ sin(Amt) — cosd, sin ¢ sinh 5 ]
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* default: CDF likelihood+Gaussian

D@ result with 2x2 corr. matrix
* inflated error: as above, but with

error inflated to reproduce the

Probability density

20 range computed by DI

* likelihood profile: using the 1D
likelihood profiles for ¢, and Al

03[
oa default
0.1-
o
/“\
-0.1F |
0.2 J
¢ 1
03" 150 100 ""B0 050100 '150

AT ps™]

Marco Ciuchini

o [°1

amblgun‘y reintroduced in the DD result

o
b
-

B.>J/Y &

UTf,‘f

dark: 68 %
light: 95 %

CDF only

03

n N

- / \l
0.2 f

- ‘l _n
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I o
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-0.1 ‘_f If i

- ‘ | errors
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F Thit
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UT parameters in the presence of NP

Model-independent fit = m

1
of the CKM parameters j
(neglecting NP in tree decays)  os}

Vexnr =

—A l—— 0.5}

A =0.2258 + 00014 Kl

A =0.804 + 0.001 I Inthe SMis: P
p = 0.140 + 0.046 5 = 0.147 + 0.029
n=0.384 + 0.035 n=0.342 + 0.012

Marco Ciuchini CKM Workshop — Roma, 11/9/2008 Page 27



MFV ~__generic FV

=

Q,
-k
<,

=1
nl'.l1

NP scale A (TeV)

NP scale A (TeV)
Dm

-
=

- -
=] =]

2 S

10

Contributions of the AF=2 operators
to the lower bound on the NP scale in
the tree/strong interacting case
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