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Recent Experimental Progresses on b — s FCNC

Effects

@ Three classes of FCNC processes:

e d — stransitions: e.g., K — K mixing
e b — d transitions: e.g., By — By mixing
@ b — stransitions: e.g., Bs — Bs mixing
@ Absent at tree level in the SM and sensitive to UV physics.
= A useful tool to probe or constrain NP models.
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A. AB =2 processes viab — s: B; — Bs mixing
Key observables: off-diagonal element of the mixing matrix

B. B. 2/(I)NI)
Mi3 = (Mi3)smCp, €77

SM predictions: Cg, = 1 and quf =0

Table: The fit results for the Bs — Bs mixing parameters (UTfit
Collaboration’ 08), obtained by combining the analyses of Bs — ¢
by (CDF Collaboration’ 08) and (D0 Collaboration’ 08)

Observable 10 C.L. 20 C.L.

OPPT(ST)  -19.9+5.6 [-30.45,-9.29]
SMel(s2) 682149 [78.45,-58.2]
Cs, 1.07£0.29  [0.62,1.93]

@ Cp, is consistent with its SM prediction, for given significance.
@ ¢y has two solutions, denoted as “S1” and “S2”.

@ Both of them deviate from its SM prediction by more than 3o.
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B. AB =1 processes via b — s: By — (¢,n/, 7, p,w, i) Ks
Key observables: time-dependent CP asymmetries

_ 1- |)\fCP‘2 o 2Im [)‘fcp]
Cfcp - 72 ) fep — 72 (1)
1+ I)\fCP‘ 1+ |/\fcp‘
The )\, parameter (Ay,, is decay amplitude of By — fcp.):
A
Mop = Nitsp g 2ivey LTce 2

fep

SM prediction: ¢g, = 8 = arg [~ (Ve V2,)/(VigVip)| and Ar, ~ Ay, =

Ctp ~0,  —11pSi,p 2 SIN20. (3)
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Table: World averages of the experimental results (HFAG'08).

fcp —ncpSfCP (10‘ CL) CfCP(1U CL)
¢YKs | +0.672£0.024 | +0.005 £ 0.019
PKs +0.447571% —-0.23+0.15
nKs | +0.59+0.07 —0.05£0.05
7Ks +0.57 £0.17 +0.01+0.10
pKs +0.6319 3 —0.01£0.20
wKs +0.45 +0.24 -0.32+0.17
foKs +0.62791% 0.10+0.13

@ sin 23 obtained from the penguin-dominated modes are
systematically below that obtained from By — ¢¥Ks.

@ [C(g,w)ks| > |Cyksl

@ By — Y Ks is dominated by the SM tree-level amplitude,
—NiopStop 7 —NpksSyks OF Ctyp # Cyks May imply interesting NP.
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Non-universal U(1)" Models and b — s Transitions

Non-universal U(1)’: (1) quarks, leptons charged in a family
dependent way; (2) their couplings to Z’ are phenomenologically
characterized by the following structure:

VLR VLR
‘ + B11 0 B13
Vg, o800 VI =

VLR VLR

VLR YLR L/O Bql1 B%}S
DL, R* LR* LR

B1 3 823 833

g=Mz

BYLR =
giMz

@ 1, r — weak eigenstates of the SM fermions
&¥tr — U(1) gauge charge matrix of v, g, which is diagonal
Vi, » — the unitary matrices diagonalizing fermion mass matrices

@ Non-trivial B}Z’ZL’R is excluded by K — K and y — e constraints;

Bég“? can lead to sizable FCNC effects in b — s transitions;

B{-" ~ By-" may also lead to non-trivial FCNC effects in b — d
transitions.

@ Such a structure can be generated in the case with

ELR = R €13/’L'R and small fermion mixing angles in V,, .
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Through current-current interactions, three classes of processes via
b — s can be affected at tree-level by Z’-induced FCNC effects:

@ Bs — Bs mixing;
@ b — sqq, e.g., hadronic By meson decays;

@ b—sll,eq., Bs— ITI-
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/ = GF

HZy(Bs — Bs) = _TZ(ACESQFS +2ACEQP + ACPQ%) + h.c.
, _ G
Ha(b— sqq) = —7thth§(A0303+A05C?5+AC7Q7+ACQQQ
+A6363+A65é5+Aé7é7+Aégég)+h.C.
/ - G
Hex(b— sll) = —\72thVé(ACnggv—i—ACmAQmA

+Aégvé9v + AémAémA) + h. c.

@ Qs: SM operators in OPE; Qs: new operators introduced by NP

@ Qs and @;s: QCD penguin for i = 3, ...6 and EW penguin for
i=7,..10

@ Effectively, NP affects b — s FCNC processes: (1) by modifying
Wilson coefficients of the SM operators, and (2) by introducing
new FC operators
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Correlated Analysis of Bs — Bs Mixing and B, Decays

Strategy to study Bs — Bs mixing + Penguin-dominated By decays:

@ Assume no Z — Z’' mixing, due to the constraints from weak
neutral current data;

@ Assume that NP enters mainly through EW penguins (A. Buras
et. al’ 04), i.e., AC35 AC35 < AC;or ACg =

o Five relevant parameters: |B}.",
° |Bg| < [Bgl < |Bg

A and B&.;

@ Assume 15% and 25% non-perturbative uncertainties in the SM
and NP calculations, respectively.
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Figure: Distributions of |B;."| and ¢;." which are constrained by
Bs — B; mixing, in the general case.
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@ Blue: constrained by 10 experimental data.
Purple: constrained by 20 experimental data.
@ Two representative limits:
e Diagonal lines (left-bottom — right-up): B, = Bfi (LR limit)
o Bottom line: €¥# oc I = Bl = 0 (LL limit)
o Three free parameters: |Bg|, ¢k, and B,
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Figure: Bs — Bs mixing, in the LR and LL limits.
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Cp, % = 1359 x 10°(ACT + ACT) +2.04 x 10°AC  (4)

@ LR limit: AC® = ACP = ACJ = —(BL,)?
@ LLlimit: ACP* = —(BE)?, ACY* = AC =0
@ Two parameters involved: |BE | and ¢k; [Bf| ~ 1072,
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q sing

Figure: By — wKs, in the LR and LL limits.
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@ A deviation of S;x, from its SM prediction can be understood as

a modification of ge’* = +£5 (A. Buras et. al. 04). The

experimental constraints on ge’® have been obtained from y? fit
of the B — 7K + B — & data (R. Fleischer et. al’ 08)

@ Inour models: ge/* = 0.76(1 + 158.1AC; — 102.4ACy)

® LR (LL) limit: AC; = ACs = %= BEBE, (AC; = - BEBE,)
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Figure: Bs — Bs mixing (20 C.L.) + X2 fit of (B — 7Ks + B — 7rr) (1o
C.L) + ot potoyier Sty puotie (170 C.L), in the LR and LL limit,
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@ Both solutions “S1” and “S2” in Bs — Bs mixing can be explained.
@ |Bf | <107, But, to get better fit, ...
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Figure: By — wKs (correlated analysis), in the LR and LL limits
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@ To get a relatively small x? value, we need |Bf,| = 102

@ Similar effects can be seen by reducing the C.L. in the fitting of
Clom'pwto)ks BN Sy p,. 1)K
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Consistency checks:

@ [Bf | ~ 1073, consistent with the assumption of small fermion

mixing angles, since Bk, o ;2—,’:2{ x fermion mixing angle.
e The experimental constraints from Br(Bs — u*u~) can be

easily satisfied, according to

2 2

L L L R
0.003 + Bbj i B"jB““ <1072
th Vts th Vts

.| = To be consistent with By — By mixing, a
0O(10%) fine-tuning is necessary.

° |Blt;d| ~ |BtL>

@ |Bf,| = 102 is typically required for a good fit. =
272 ~ 10 — 100 or TeV scale Z' for gy 2 ge, a range

approachable at the LHC!

@ Recall that the assumption of small QCD penguin corrections by
the NP requires |Bf,| < |B5,| < |Bf,|. This relation can be easily
accommodated.
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Conclusions

The recent progresses in experiments on b — s FCNC effects
provide a good chance to study possible NP;

Within this class of family non-universal U(1)’ models, the
anomalies in Bs — Bs mixing and the time-dependent CP
asymmetries of the penguin-dominated By — (, ¢,7/, p,w, fo)Ks
can be consistently accommodated;

No single measurement of Bs — Bs mixing phase or
time-dependent CP asymmetries of penguin-dominated By
decays has a 3 sigma significance. For a better understanding of
the possible NP, we expect that more precise information can be
provided by experimentalists in the near future.
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Thank you!
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Backup Slides

A. Operators of Effective Hamiltonian
QCD-Penguins Operators:

Qs = (8b)y_, Z (@9)y_a Qs = (8abs)y_4 g (@5G0)y_a

Qs = V A Z V+A Qs = (éabﬁ)V_A Z (aﬁqa)v-m
q

Qs = b)y A Z Dvia Qi = (5abs)ya zq: (959a)va

Qs = (3b)y, z Q6 = (Sabs)ysa D (@5Ga)y_a
q
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Electroweak-Penguins Operators:

3 3 _ _
Q= é (8b)y_4 Z €4 (q9) V+A Qs = D) (Sabs)y_a Z €q (qﬁqa)V+A
q
3 3 _ _
Q E Sb V A Z eq qq Q10 = E (So&bﬁ)va Z €q (qﬂqa)va
q
. 3 _ ~ 3 _ _
Q= 5 (8b)y A Z eq(qq)y_a Qg = 5 (5abs)y i a Z €q(QsGa)y_a
q q
e 3 _ ~ 3 _ _
QQ = E b)v+A Z €q (qq)v+A 010 = 5 (Sabﬁ)V+A Z €q (qﬁqa)V+A
q q
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Bs — B; Mixing Operators:

Q> = (8b)v+a(3b)via
Q5 = QB = (3b) v, a(3b)v_a

Tao Liu

Q" = (8abs)v-A(Ssba)v-s
Q5* = (Babs)va(85ba)via
Qfs — éfs = (éabﬁ)V+A(§ﬁb¢x)V—A
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B. Corrections of Family Non-universal Z’ to Wilson Coefficients
(1) LR limit: BL, = B,

ACY = ACE =ACy = —(BL),
. 2
ACQ, = AC5 = Vt V* BbSde’
. 2
A = ACs= 3Vt 5V, v B (Bf, +2B5).,

AC = Aly= gy V*Bbs (Bf, - B5).

o 2
ACyy = ACyy =— thv* ———=Bps(Bji + Bf),

ACioa = OACioa=— *Bbs( Bji + Bf).

Vib Vi
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(2) LL limit: e¥7 o |

aCE - (B
ACs = V,2V* BbsBia:
ACs = ~3 V[2 Vi Bps (Bﬁu + 2de)
AC; = 3Vt Ve ~— Bbs (Bﬁu - Bffd) )
ACyy = V:V* Bhs(Bj + Bf),
ACioa = th Vi = Bis(—Bji + Bf).
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(3) RR limit: ¥t o |
ACP:
ACs

ACoy

ACion

—(Bbs)*,

2
3 V,b Vi

Bf. (Bf, +2B5) .
Vt Bbsdea

4 R R
3th V* Bbs (Buu - de) )
2

th Vi Bbs(B// +Bf),

Bbs( BII7 + Blllq)

V,b Vi
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C. Correlated Analyses in LR limit
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D. Constraints on NP from Bs — B; mixing (by CKMfitter)

Figure: Constraints on NP from Bs — Bs mixing (by CKMfitter), here
As = CBSGZi¢g§.
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New Physics in B -B, mixing
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