New Physics Searches in  b-Physics

Gudrun Hiller
Dortmund U.

Aspen Winter Conference on Particle Physics, February 14, 2006

“Where are we in penguin physics and what's next ?
Implications for beyond-the-SM Physics”

SM=Standard Model, NP=New Physics, EWKSB=electroweak symmetry breaking, FCNC=Flavor changing neutral currents
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SM tests with indirect processes

Indirect loop processes: A Z my, scale of New Physics

20"
Eeff — ZCE )F Cfg ) N f(@j?gbjaépCKMagpmaé@)

colliders flavorphysics

1

no competition from large SM tree contributions

FCNC.: sensitivity to SM, NP phases ¢, flavor-breaking couplings ¢

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ ’¢’_-"s~
/ ~0 N\ in MFV
1

b u,ct s b uct s b aét s b od§b S

MFV = no more flavor/CP violation than in SM, i.e. in Yukawas
(CKM) U(3)° symmetry only broken by “Y” spurions; RG-invariant

Gudrun Hiller Aspen, February 2006 Slide 3



CKM evolution

CKM 1995: ¢y, Amd, |Vub/‘/cb|’ "/cb” A hep-ph/a508272

fg =180 £ 50MevV, By=1.0+02, B =08+ 0.2
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2005: SM (MFV)-like picture
at least for b — ccs, K-,B,-mixing

€
a "\
sol. w/cos2f<0
— (excl. at CL>0.95) | —
L fitter
|  EPS 2005 : \
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CKM=precision input within MFV ¢(«)
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2005: first unitarity triangle from tree level

15

05

-0.5 -

p - b
tree fit Vi, v(DK): sin 2Bree— it = 0.782 £ 0.065 nep-piososz19

oop input to full fit: meson mixing, sin 25(¢¢)gata—ave = 0.687 4+ 0.032

-1 -0.5 0 0.5 1

V.| to0 big for sin 25(cc); iff persists: NP in mixing or b — ¢cs decays
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CP violation in the golden b — ccs modes

Ab — ccs) =VuVE(T — P)+ Vu Vi (T, — P)

SM: perturbative (zu-loop) phase; ~ 9 YubYus 103 1 osz08s
4 Vep VX

J/\IMTO data, SU(S)*: sin Qﬁ(J/quO) — sin Qﬁmix —=0=£ 0.017 nep-phiosor290
BSM: NP in P (as in b — $5S): hepphioso7zs1

|sin20(ccK) — sin 28| < arg(P/T)|P/T| ~ pnyp x 0.1

NP distinguishes between final (¢c) CP V = J/U, V' A = x1, 7.
SIHZﬂ(AKS) — Sin Qﬁ(VKS) — —012 Zl: 022 from BaBar 0408127,no breakdown from Belle

sin 2 B(A KS)-sin 2 B(V KS)

dipole vs 4-Fermi

-1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0
sin 2 B (¢ KS)-sin 2 B(V KS)
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Time-dependent CP asymmetries In b — sgq decays

Vi V5
SM+MFV: —nepsin 26((5s)Kg) = sin23((éc) Kg) + | ——=
FCNC t QY

\ #

O(A2)
SM background O(\?) ~ 0.04, # non-universal, hadronic physics
sn(zﬁeff)/sn(zp ) EEa

PRELIMINARY
: : : : : b—>ccs World Avérage | 0.69 =0.03
BABAR 04 ' i | I T 7 £ D 40,077
v 0.722 £0.040 +0.023 H : o] C o BaBar H : 050 025 -0.04
S Belleoa ‘ ‘ ‘ ¢ X Belle : % ; 0.44 = 0.27 = 0.05
red H
o 0.728 +0.056 + 0.023 H = H B
rage (charmonium - all exps.) ‘ o i~ Average : |—Jk—j| . = 047:019
O BABAR 04, — - ], BaBar : 0.30 + 0.14 = 0.02
0.50+0.25 ", : T j H B *
2 geleos : HB il Belle : 0.62 = 0.12 = 0.04
e L0008 = R : Average : 0.48 = 0.09
4 0.30+0.1420.02 ' H“' ‘ " BaBar 0.95 Tg 52 +0.10
T eteeom 1 ——t . X Belle | 5 0.47 = 0.36 = 0.08
< %_‘;EAB;% 1 ; oe—e— . Average ; E ‘ 0.75 = 0.24
& S i i i e N T 70130 -
- %Iﬁggugovos | —— ! ! ;¥V> BaBar 0 35 -0.33 * 0 04
o,  BABARO4 Y o Fy Belle ; 0.22 = 0.47 = 0.08
4 0.35 5, +0.04 ¥ T 1) § H H
Se  Belle0d P S 1 25 Average i—k—— || i 0331 0.26
T : = ., BaBar 0.50 1334 £ 0.02
Y 050 gm0 R : X Belle 0.95 + 0.53 *312
R AT P —— = 3 Average ! —] : 0.63 = 0.30
0w BABAR 04 : Nl A BT e [ SR -
Y 0.55+0.22+0.12 e BaBar | —3e— 1041+ 0.18 = 0.07 = 0.11
< Bele0s . i Bell : i +0.19
049:0.18" 051 4 elle : X ; 0.60 = 0.18 = 0.04 15
¥ RAR%. : ! " & Average i |  051=0.14"05
& el : oo T\ BaBar 10637933+ 0.04
ge (s-penguin) : bay || [voriond 2005 N Belle ; ; 0.58 = 0.36 = 0.08
P v TR E R ERD RN SR vl S ) R i QP Average T 0.61 +,0.23
-2 1.5 1 0.5 0 0.5 1 1.5 o
-y x S¢ -1 0 1 2

since Moriond05:~ 1¢ in cc, @, larger shifts in K32, f,; n off by 2.30
better agreement between Belle and BaBar
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SM backgroundto AS

AS = —nfo — sin QBmix

hep-ph/0505075, 0503151 hep-ph/9708305, 0310020, 0303171, 0403287

[ ASQEPF@NLO | A gREDF@LO | | AgSUB+| | g | po5 | () LP'O5

OKs | 0.01...0.03 0.02 <03 | 0474019 | —0.09+0.14
WK 0...0.02 —0.01...0.02 | <015 | 04840.09 | —0.08 = 0.07
K | 0.03...0.12 0.03...0.10 <02 | 0314026 | —0.02+0.13
wKs | 0.05...0.22 0.05...0.25 _ 0.63 +0.30 | —0.44 4 0.23

LO captures central value and uncertainty of full NLO calc. of AS;

for all above modes: QCD factorization predicts AS; > 0,
experimental shifts < 0; no significant C'y # 0

ultimately more precision needed; all exp. errors < 0.1 only by time of
Su per-b-facto 'Y hep-phios03261
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Pattern of NP in & — s Penguin modes

generic NP scenarios with one additional phase, use QCDF @ LO

hep-ph/0503151

SM A---—I

$ $ $
Z—penguins e : *
U NUUR mve A B x

X -» +
KK-gluons

+ x

R - alh xv
non—SMC8g
+ X A o H
PR N T N AU EUTRTR S S
-1 -0.5 0 0.5 1t

Input: Srox, = 0.34 ¢ and maximal
predict S for:

NP amplitude ok with other data

=0, Aa=n,B=n X=w,+=p

goal: identify type of NP from characteristic SM departure
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Fit generic NP scenarios to current data

A= Agy + Anp; Anp x €,€Vi; 3 NP scenarios sZb, KK, sbg nep-phiosozis:
x*-fitto b — s penguin data, LP‘05 update

0.02 0.02
0.015 0.015
0.01 0.01
0.005 0.005
o
Vz -

black, dark grey, light grey regions: probability > 0.32, 0.046, 0.0027
Anp >> Agy 4-fold solution sin 2(6 + o) ~ 0.4 (with cos 23 > 0)

NP amplitudes can be larger if no phase v = 0, «

all 3 scenarios have solution, which is more favored than SM (¢; = 0)

0.2
0

p P 3p 2p
Vg Uy
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b— sv,b— s¢T{ decays

diagrams in SM

! |
517 Lo
"__,..-"'E“‘-..,H ; ,-"""A““'--. f f
. . . * .
Megp = —425ViVis 3 Gl Oilw
dipole operators O x 5,0,,bgF™ Og X 51,0,,bRGH

4-Fermi operators Og o< (517,b1)(y*0)  O1o X (517,01) (by*750)
NP in Wilson coefficients C; = C?" + C'V" or new operators

model-independent analysis: Br's, Acp, Arg = f(C;) — fit !
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Constraints from b — s+ branching ratio

B(b — S’Y)LO ~ |C7(mb)’2 at NLO R = CS]\é—Sl_]gNP hep-ph/0112300

10

-10% 4 2 0 2
R (M)
7 W

theory errors renorm. scale and charm mass solid:pole, dashed:MS

scatter points: MSSM with MFV: C; = CSM  ¢H* 1. ox°
———

C%‘i o pAstan Bf (mgz,, mg, )me/(v(1 + etan 3)); € o< (o /m)umg tan 3

beyond MFV: gluino loops with down squark-mixing 653 e hep-phioz12307
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Combined b — s¢*¢/~ and b — sv data

dT(B — X bT0~ 2 GZm? Vv, |? 2 2
( — As ) _ (CV) F b‘ ts tb‘ (1_§)2 |:(1_|_2§)<Cgff 4+ Cf(f)f )fl
ds 47 4873
o | eff |2 off ~eff 2
+ 4(1+2/8)|CST|” fo + 12Re (07 o ) s+ fe| fii1/m2, cor.
15 15
12 12
o T
9 9 < s
6 6 o
Cig, NP Cig,N 05
3 3 f
0 - o J 0 3 1.5}
-3 -3 | -2: %
-2 -9 -6 -3 0 3 -12 -9 -6 -3 0 3 3 -'ulz”n 02 04 06 08 1 ”1L
&, &t ACH

non-SM sign C7eff > () disfavored iff no BSM OPS  hep-phi0410155, 0505110(C10-C7study)

MSSM+MFV: Cy, C;o near SM, not tan 5 enhanced rep-pho112300
neutral Higgs effects in SUSY, tan 3 enhanced? i1 ok for low tan 5 Ii
discard C?ff > ( careful iii or use Apg-datalfitto B — X.,eTe™ only
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Il More model-independent studies, neutral Higgses

) >??v_f{°;.f‘}°_ f
Og(p) ~ ngRf(/yf))f S 7

Cg, p» x my big effects in (pseudo)-scalar operators with b-quarks

O}i( r = (8Rb)( fL(R)f) non-trivial mixing onto dipoles neppnss112ss, 0310210
6Cr7(my) =~ 0.71C% (my) — O(10%) NP effect

C(m)=0.06

0 1 — -1
&r(m) &r(m)

MSSM+MFV: |C%(my )| < 1073 imprint of Higgs Sector nepposoazz0
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Il More model-independent studies, neutral Higgses

Higgs effect splits between "~ and ete™ in b — s¢t/~ processes
define ratios with the SAME cut on the dilepton mass hepphios10219

2 _
fqmax dq2 dF(BHH,U—i_H )
4m?2

Ry = i 40 H=X, K®
H = fqgnax da? dF(B—>He+e_) 57
4m/% q dq2
RM =14 O(m2/mj) very clean

measurement. R = 1.06 £+ 0.48 £ 0.05 sagaroso7o0s
Ry = 1381_8?15191_883 Belle 0410006 R

constraints on (pseudo)-scalar couplings

B(By — ptu~) x 108

complementarity: with right-handed currents Of;’(P) ~ §RbLf(75)f
Ry constrains Cs p + C% p, B(Bs — ptp~) constrains Cs p — C% p
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Light CP-odd A": implications for hadron colliders

direct searches: h’ — A°AY open if 2m 40 < mpo

can be VERY important for O(1) h?A° A’-coupling C nep-pnooosaos

B(h° - A%A9%)

decay modes: A° — bb, 77, 37 or higher hadronic, uu, ee, vy
if A° very light and weakly coupled, it becomes missing energy

T-decays, beam dump, astro physics m 4 2 O(100MeV) ok
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NMSSM constraints from indirect signals

W =QY,H,U + QY,HyD + LY. HsE + A\H,H,N — skN? N:singlet
at large tan 3: naturally light A?, rad. stable b — sAJ transitions

bounds from B — KAY K — 7w AY, T(1s) — vAY decays

T T T
- - -

M>500GeV . my>200GeV . my>130GeV |

my, [GeV]

1
| &_ v/X|

A masses as low as O(10MeV) viable hep-prioaoazzo
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Light CP-odd AY: further tests from b-physics

e Improve bounds from radiative T-decays or B — K+ missing E

e for my, < muo < mp: search for AYinb — sTTT~ processes
sensitivity e.g. B(B — X, 7777) ~ 107° >H<

e B, — B, mixing and CDF/DO: B(B, — pu* ™) < 1.2-107°
In MSSM correlated Fig adopted from hep-ph/0207241
in NMSSM: SM-like Am, (AY contribution constrained by Am,),
but not correlated with B(B, — p™ 147) nep-phioaoazzo

F tang = 50
| Ma =200 Gev

10
/w,“o 1 —
&) Rt CDF ' 047
[an)] N
_7 ‘\\X‘i
10 b §
“MSSM
S
o 0.5 1 -
AM, AMSSM
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Bottomline

e CKM@tree: input (SM tests, flavor model building..)

e in 2005 sin 23,enguin Moved closer to MFV, some hints 7/ K
Biree VS. By — compare sin25(cc); Kg

e b — s/¢ modes under th and exp investigation; model
Independent analysis (w. b — sv) — do e and p separately

e b — d FCNCs beginning to be probed
e B, B., Ay-physics coming up CDF&DO; much more from LHC(b)

e study correlations & pattern between observables —also w. direct
searches (Higgs, top FCNC,..) and LFV

e indirect (loop) processes are unique probes of CP/flavor sector

e many FCNCs only weakly or just un-constrained ..Amg,7+,..
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Some further searches with  b-physics

experiment SM comments
acp(b— sv) 0.4+ 3.6% 0.42 + 0.17 Yohep-phio312260 CPXin bsv, g
acp(b— d/sy) | —0.110 +0.116 saaros 10 hep-ph/0312260 test MFV
SK gm0~ 0.00 £ 0.28 Bselle/BaBaros —2ms/my V+A FCNCs
B(B — X.g) < 9% CLEO'97 50£1.0-1073 NP in bsg
B(B— X, i) 43+1.2-107° 4.3+0.7-107° q*-spectra
acp(B— X0) —0.22 +0.26 —0.2 £ 0.2 Yonep-phrog12267 CPX
AGL(B— K*00) — S 1072 hep-phi0006136 CPXin bsZ
Ry pp vs. ee 1.06 £ 0.48 BaBaros 1+O(mi/mg)hep-ph/0310219 non-SM Higgs
B(B — Kvp) < 3.6 - 1075 Belleos 3.8752.107°¢ O(10) from SM
B(Bs — ptu™) | < 1.2+ 107 "hep-exsos08058 3.2+15-107° O(50) from SM
B(B, — 1t77) < O(5%) 724+1.1-1077 O(10°) from SM
Amg > 15/ps (15 — 22)/ps hadron colliders
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’vub‘

BABARSL tag: B* — 1" v x 2/, |
3.31 + 0.68 = 0.42 !
BABAR Brecotag: B* — 71" v x 2t /1,

Ball-Zwicky full g2
3.37+0.14+0.66- 041

1.45 = 0.37 = 0.12 —T— HPQCD full g2

BELLE SL tag: B* = n° " v x 2t 7, ! 3.93+0.17 +0.77-0.48 i
+ + H—A—

140+ 024 = 0.16 ; FNAL full q2

3.76+ 0.16 + 0.87 - 0.51

BABARSL tag: B® = I*v

1.02 = 0.25 + 0.13 H——H |
BELLESL tag: B - I"v | .
1.48 = 0.20 = 0.16 A Ball-Zwicky g2 < 16
BABARBrecotag: B —w I* v : 3.27+0.16 + 0.54- 0.36 —
1.24+0.29 = 0.16 H——@——
CLEO untagged: B — 1" v , HPQCD q2 > 16
132+ 018+ 0.13 H—— 4.47+0.30+0.67-0.46 &
BABARuntagged: B —m 1" v ; FNAL g2 > 16
138+ 0.10+0.18 a =
0 -+ : 378+ 0.25+0.65- 0.43
Averagee B"—=m I"v ;
1.35 + 0.08 + 0.08 H-0-
ez =neg § m m
| | | | b | . EPS-2005 , | , , , | , . EPS-2005
0 2 2 4

BB’ = " v)[x 107 V| [x 107

CKMfitter,incl-excl-ave: |V,,| = (4.22 & 0.11 & 0.24) - 1072 neppioaosisa
HPQCD q2 > IGGeVQ: ’Vub| = (4.22 + 0.30 & 0.51) - 1072 hep-tavosorozs
N~

exp lattice

inclusive HFAG EPSO05: |V,,| = (4.39+0.19 £+ 0.27) - 107°
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Impact of b — s¢*¢~ beyond MFV, perspectives

B(b — s¢™¢7): best bound on 5Zb-penguin ~ Cyq < 207M
SUSY O(1) effects in 'y from 55]3 possible (LR and LL) nepphiooos2s6 0006136

great NP sensitivity in ¢*-spectra in b — s¢¢~; asy # forward - #
backward ¢+ in dilepton CMS w.r.t. B needs tagging A7} + A2} ~

App(8) ~ Re { < (0T 4 55| also B — K*¢t¢- — Belle'04

1 - - - -
= - @ 1 LB R LI I L AL L UL LI LI B L E
O w~5, 5 b «> 520 oo KT T .
&y e 0.5 R 0.6 F P b 3
0.4 F H R E
b o w o e S 0z F SYRRE B E
S i W\« Of——=< 0 — T —— E
L ‘EQ > (3 A V V Mg S \\/ S s \ : T E
LA *b cs — 1? e Tl o \\_ H H =
¢ i R 0.4 Ewrong sign C; : =l E
L {a_[] -0.5 06 F : o 3
3 R L =
B L Ly by by B s B 1 I -
! 0 0.2 0.4 __ 0.6 0.8 1 ¢ Gevic?
S

shape sensitive to signC;; Arg o< Co; flat possible
Zero allows preC|S|on test SNNLL = (0.162 = 0.002(8) hep-ph/0208088,0209006
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