Searches for New Physics in the
Flavour Sector

Motivation
Tevatron Detectors: CDF and DY

Results

Conclusion

Matthew Herndon

Johns Hopkins University
Deep Inelastic Scattering Workshop — Madison, Wisconsin April/May 2005



Searches For New Physics

s How do you search for new physics at a collider?

@ Direct searches for production of new particles
» Particle-antipartical annihilation
* Example: the top quark

@ |[ndirect searches for evidence of new particles

* Within a complex decay new particles can occur
virtually

s Tevatron is at the energy frontier and

a data volume frontier

@ So much data that we can look for some very unusual decays
s Where to look

@ Many weak decays of B hadrons are very low probability

@ Look for contributions from other low probability processes — Non Standard Model

A unique window of opportunity to find new physics before the LHC



@ Performance substantially improving each year

Tevatron Performance

s 1.96TeV pp collider

@ Record peak luminosity: 1.2x10%sec'cm
@ Expect 2x in 2005, 4-8fb' by 2009
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@ Experiments have over 500pb™ of
good data

» All critical systems operating
including silicon

@ Analyses presented here use
180pb™ to 450pb™

Tevatron likely to have 4x data in next 2 years



CDF : DY@ Detectors
s CDF: Silicon
[ Forward Scintillator

@ |n|<2, 90cm long fﬁﬁ;’igﬁm'dﬂﬂ Central Scintillator |
@ Silicon vertex trigger \ . .
s Drift Chamber(COT) :

@ 96 layers between 44 and 132cm

s Triggered muon coverage |n|<1.0

Central Calorimeter (E H)

Ceptral Muon
Wall Calorimeter (H) /
[ S ‘

Plug Calorimeter (EH)

Shielding

' New SolenohiETracking System\
Si, SciFi Preshowers a

Forward Mugn

+ New Electronics, Trig, DAQ

s DO Tracker

@ Scintillating fiber tracker and silicon

@ Triggered tracking to |n|<2

Luminosit Nonitor s Triggered muon coverage |n|<2

Time of Flight
entral Outer Tracker EXCELLENT MUON SYSTEM

Silicon Vertex Detector
Intermediate Silicon
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New Physics in Al g

s Al'p : Width-lifetime difference for light/heavy

eigenstate decays u | K: K+
s New physics contributions in penguin diagrams " u

Al—-gjeas):A l—v(Bchons)COS(qb(SM)_|_qb(newphysics))

B” > D, D*. All Channels Combined. CDF Preliminary. 243 pl:v'1

s Measurement possibilities § e
: : : : 3 80 — EO'"BT?JOr"a' Mass : 5.2811+ 0.0008
@ Directly measure two lifetimes in B, — J/y¢ I — e W Sivh s
» Lifetime and angular analysis £ eof .
T L } &:15.1
@ Measure lifetime in BS — KK 40 __ . Fit Prob : 12.4 %
* 97% CP even(short component) -
+ Inprogress: disentangle B, — hh decays _
’ 4 5.0 55
@ Measure the branching ratio of B, — DD Mass GoV/c”

» Pure CP even state
* May account for most of the width difference Many orthogonal methods

» Observed first double charm decay in B — DD, to probe Al
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Al'gs Results

e D Preliminary L ~.4ggt:b" CDF Run Il Preliminary L ~ 260 pb’
S Mass5.26-542GeV - E . - B, — Jiy 0 o data
%o o B I Wi Sig
g E 0 |ax.0 e g g — Sig Light
% g H 3 102 E_ Slg Heavy
510 §_ E - 4 Bkg Long-lived
- E:. T i = Bkg Short-lived
1 - E 10 ;
5 i o ' Fit prob: 37.8%
10" ;— ; -
g £ TE
10-201 0,05 J:'cll 6.:15' 0.1 i -n|.1 :- 0.3
1 D& Preliminary ct, cm
~ 1c (stat only) +025
O.B;ZLiéiaE:o:gtfta)intﬂ o stat) I A I_'B /['B — 0.65_0 33 i 0.01
N l: ’ ’ CDF PRL 94 101803(2005)
: E .......................... . +(0.33 ( )
AL IT ,=0.21"5(stat+sys
o2f DO conf note 4557
n:— ------ Pl SM: 0.12
b L =1 AL Lenz New physics expectation
il WA(fs.+)1 6 hep-ex/0412007 was a lower value!
U3 Doses - Oomb o04zi  oo4sE 048

ct, cm



New Physics: Charmless B Decays

s CP Asymmetries: A,

@ Simplest case: A.sin decay(Direct A.;): difference in the decay rates of the CP
eigenstates
@ Eigenstate decays identified by decay products or angular distributions

@ Can also occur in neutral meson decays with mixing

s Many charmless B decay modes are sensitive to A,

@ B*— oK*
+ SM A_;rate expected to be small: Probe of new physics
@ B, — 00: Mixing and direct A A
» Pure b — s penguin transition BEE

+ BaBar/Belle: 3.7c sin2p discrepancy
penguin vs. charmonium decays R

o

* Vector Vector decay never

observed before s
® B,,—hh(h=Kn):B,—» K vs. B,— 'K



B*— (K* Results

B+—9(]5K+,(]5—9K+K_ CDF RUN Il Preliminary L =180+10 pb’

. sk
s Analysis Cuts 2 3o I
& B* 50K
@ Momentum, lifetime and vertex cuts 8 250 47 £ 8 events
2
o p,, >4.0,|dygl<100 m, L, >350um " 20 i [
@ Results from likelihood fit to masses, Ly ‘\\ :
dE/dx and helicity of TR\ J, J(
2 i
5 -; ]
 Results: 05:‘ - hh'hsiam H—E.l:i Msls [:_-‘.e;;gja
A (B =K )=—0.07+0.17 (stat) " o: (sys) _
CP 0.02 - S| nal
hep-ex/0502044 g
Babar result: A, =0.054=0.056 (star)=0.012 (sys) s Backgrounds
hep-ex/0408072 @ Combinatorial
@ Partially reconstructed B
BF (B "= ¢ K")=(7.6%=1.3(stat)=0.6(sys))x10~° decays
HFAG: (9.0+0.7)x10°° ° Bk

@ B— K, Knr (Cyan)



B, , — hh Results

S
s B.,— hh(h=Knr)

CDF Run 2 Preliminary, L=180 pb™

s Analysis Cuts ;‘i :

o Yp_ >4.0,|dy/<80 m, L, >300um = — B,—>Kn ]

T — 175 B,—> KK J

s Unbinned likelihood fit B =

_ k2 backg. ]

@ M_, dE/dx, charge-momentum imbalance B s | ]

@ Excellent mass resolution and high statistics ) 100 : + 4

samples for dE/dx calibration allow for small . |

systematic errors ]

I 50 L + J +—
fsBF<Bs—>K_K ) + . :

- ——=0.50+0.08(stat)£0.09 (sys) 25 + -

f,BF(B"—=K 1) . ]

4.9 5 &1 B B B4 55 56 &7 ZELB
7w Moss [GeV /¢’

A »(B"—= K 1t7)=—0.04+0.08 (stat) +=0.006  sys)

0 o
Babar result: A, =—0.133=0.030 (star)=0.009(sys) |2 ™% | 194 15%
4.26 hep-ex/0407057 B° Kn 509 57%
Belle result: A, =—0.101£0.025 (stat)=0.005 (sys) B, KK 232 26%
3.90 hep-ex/0408100 B, Knr 18 20/




BS

B. — ¢¢ Results

—pp,dp—oK K

s Analysis Cuts

1.4+0.6(star)£0.2(sys)+0.5(norm)x 107>
Th:

@ p, >2.5GeV/c, [dy<80 m,
BF (B~ ¢ )=

(1.79—-3.68)x10~°

hep-ph/0309136, Li, Lu and Yang

events per 20 MeV/c?

L
o

£15 5.2 225 53

CDF Run Il preliminary Lumi = 360 pb”
- B.~dd

- ~44 events s

- With latest
2 data M signal
E background
5

L
L] I T

m(KKKK) [GeVic

54 545 55 35

L >350 m

Xy

Events/24 MeV/c’

CDF Runll Preliminary

L=179+10pb "

III]|IIII|IIII|I]II|II

12 avents In search window

_B—><I5<I5 p—K' K Expected BG events = 1.95 1062

First observation!

008 )

— ~4x as many events in 360pb
polarization analysis in progress

iR

58 6
m, , [GeV/c’]



B, — uu: Beyond the SM

s |Look at decays that are suppressed in the

Standard Model: B, ,, — ww — <

@ Flavor changing neutral currents(FCNC) to leptons t

* No tree level decay in SM S

* Loop level transitions: suppressed
» CKM, GIM and helicity(m/m,): suppressed b w

* SM: BF(BS(d) — W'W) = 3.5x1 0°(1.0x1079) 5 hﬂﬁﬂ:HD
G. Buchalla, A. Buras, Nucl. Phys. B398,285 LA =R e
| o < /__&r‘\f W
s New physics possibilities >

@ Loop: MSSM: mSugra, Higgs Doublet

» 3 orders of magnitude enhancement b

» Rate «tansp/(M,)* Vv
Babu and Kolda, Phys. Rev. Lett. 84, 228 —P> S T I

@ Tree: R-Parity violating SUSY

One of the best indirect search channels at the Tevatron



B, — uu: Experimental Challenge

|_Di-Muon Mass _| CDF Preliminary: ~360pb”
< & Triggers:
L JPsi
Rare B
5 BEbar
10 Upsilon
] %y
10" - ™
Y(1S): 18K
: Y(2S): 3.6K
© "’JL*‘W‘*’_ |
10° - f ‘ f Mﬁﬂaﬂ
0 2 4 6 8 10 12

Di-Muon Mass(GeV)

s Primary problem is large background at hadron colliders

@ Analysis and trigger cuts must effectively reduce the large background around
Mg, = 5.37GeV/c? to find a possible handful of events

s BR 1000x SM rate results in ~200 events



DO Analysis and Results

s 3 primary discriminating variables
o L, Sig:L, /o, >18.47

o AD 9, —0,, > 0.203rad

Vvix

o Isolation: p;g/( Xtrk + p;g) > 0.56

s Choose 20 mass window: ¢ = 90MeV/c?
s Optimization
@ Used simulated signal and data sidebands

@ Search of all cut combinations
s Relative normalization to B* » JAyK”
s Result:

BF (B, —u" 1 )<3.7x107'95% CL

DO Conference Note 4733, 300pb™

Events/5 (MeV/c?)

101'.;'

102t | |

arbitrary normalization
S
(5]
|

4|
WL

D@ - Signal MC
- Sideband Data

-

||||||||||é|'|i:|||||||||||||||||||||||||||
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Transverse decay length significance

2c —
1.8-DG Run Il Preliminary 300pb'1
1.6;— Signal region
}-‘2'5 Sideband 1 ' Sideband 2
1
0.8-
0.6C
0.4
0.2-
0: il i1 B I T 2 P T . e ey ||
46 48 5 52 54 56 58 6 6.2

Invariant mass (W" L") [GeV/c’]

Expected background: 4.3 £ 1.2

Observe 4



CDF Discriminating Variables

o
na

= °“TGDF Prefminary 3 a Mass Muu: 2.56 window: 6 = 25MeV/c?
%o 15 Bs(d)%u i3 %1
2" 364 pb” = s )\ =exp(ct/cty)

o AD:|og— 9yl in 3D

i .
0.051 i 10 1

s Isolation: p/( Ztrk + p_)

ol - 10° : —ii—i|
#8582 Es B8 &5 0 005 0101502025 03 g ge selection variables in likelihood ratio
np
°
. : 8 05 CDF Preliminary
.: o . " -
g 03-5 § ¢ —background % Bs(d)%lfu I
Soasf; S|  (data £ 364 pb’
™ 0z > gl = Bo—t ' o e .
3" (Monte Carlo) i: > Slg nal
0.15, % i o (Pythla MC)
o1 & cut Z 0.3+
=
0 054
% 070 0% 0%

02|l Background

isolation (data sidebands)

p— S<xi) / .
HiPs<xi)+Hin<xi) 0

LH

0 0.1020304050.60.70.809 1
Likelihood



CDF B, — uu Results

_CDF Preliminary

s CDF B, — wuresults

s LH>0.99 33 5.5

» Expected backgrounds § 5.6_:
B, 1.47 £0.18 2
CESN

@ Observe 0 events = 5.4-
World's best limits! 5.2-5

BF(B.—u 1u)<2.0x10795% CL 5] ; ..
BF(B,—u u)<49x10°95%CL 4 *

364 pb’’

BF (B, —u" 1" )<3.7x107795% CI
D@ Conf Note 4733, 300pb

BF (B,—u" 1 )<83x107°90% CL
BaBar hep-ex/0408096, 111fb

0.8

0.85

0.9

005 ]
likelihood

CDF: <3.8%X10°90%CL



B, — pu: MSSM

s Combined B, — pnu result:

Bayesian approach with a flat prior.
Systematic errors on fs and

1076

—

o
Max M,

d"””"’,,——' Ave hﬂ/\

BF(B® — JArK*) correlated. i

T

BF(B,—u" 1 )<1.6x10795% CL%

1078 |

s SM Prediction
@ SM: BF(B, —» uw)=3.5x10°

1079

@ No sensitivity for SM rate

s No strong SUSY:MSSM limits from B, — p*w

@ Too many MSSM parameters
If B,,, — WL observed: M, < 800GeV
@ tanf =50

1077 = :_:

erze [rell

500

Does limit specific
SUSY models

1000 1500
Mj (GeV)

2000

25600

Dedes, Huffman hep-ph/0407285,2004

 ——



B, — uu: SUSY SO(10)

s Combined CDF/DY B, — u'u result:

m, g
II"I

5TeV m,=500 GeV

E{D|||||.|

+ - ~7
BF(BS—>[,I u )<1.6x10 '95% CL e
» Can limit specific models L ' \ | |

(R E
o Example SUSY SO(10) i /,g/‘fl’ h ;
» Allows for massive neutrino o\ ol X %\ !
* Relic density of cold dark matter C \ “"’} \\ 2 \
— ws 00 (20) =
Dermisek, Raby, 1 P 1‘\ \I :57}
, ] \ /=1 - |
Roszkowski, 7 \ Sy N - ”;_.,\L’r /
Ruiz de Austri ] N = g [l -
hep-ph/0304101 & N9 | D
- 9y o o f f f: =
2003 - %, 7 I8 2x10- |
: ‘ : o - Exc‘rudeda /
\ 100 \E\ NN b ' ——
- 100 400 500 600 700
mostey 1.6X107 1 M, (GeV)
T wm ‘m‘(G;V)' w - BF B, — n'u: Dashed blue

Excludes scenarios where m, is light and tanf ~ 50: m, > 500GeV/c?



Conclusions

Many posibilities to observe new physics in the flavour sector

B_ part of the flavour sector particularly interesting at the Tevatron

CDF observes a high ATz 26 CDF: A FBS/FBA€=0.71f8§giO.Ol
DY value is high/compatible with SM DO: A FB,/FB,:O-zligfé

@ New physics would typically give a low value of Al
@ Lifetimesin B, — KKand BR(B, — D_D,) next

CDF has measured A in several B modes

@ Systematic errors small - Data set now 4x used for original measuments. Should be
competative with B factories and have B, measurements soon

CDF/D@ have improved B, , — p'w limits

@ Combined B, — uw limit strongly restiricts the phase space

ofsome new physics models  cDE/DO: BF (B,—u" 1 )<1.6X107795% CL
® CDF B, — wrresult2x CDF: BF (B,—u 1 )<4.9x10°95% CL

lower than Babar limit



B, — uu Results

S
s« CDF B_ ,— uuresults w2 .
s@ > HH g Bg(d)—}p+}J. CDF 1l
s oxe=2.03%0.21% 2 P
= 171 pb
» Expected background & z 2
ok = N
B,y 1.05+0.30(1.07£0.31) g 2 £ E
=
s Expected limit: 5.9x10” £ 65
o m
@ Observe 1 common event in the g L
36 B, mass windows ' M o
World's best limits(early 2004) 5 NN 7
:\\\ﬂ ':K-f.:.-".- r
48 5 52454 56 58
+ - ~7
BF (B, —u u )<5.8%x10 '90% CL Mu') [GeVicT]

BF (B,—u" " )<1.5x107'90%CL

D. Acosta et al., PRL 93, 032001 2004 LH =0.798



Physics Reach mSugra

a) Mp=150, Ag=0, u>0, my=175 GeV
50

s Combined CDF/D0 B, — u*u result:
BF (B.—u'u )<1.6x107795% CL

s DO Chargino mass limit at 116GeV

w
o
s M,,> 145GeV: (M, ,~1.25M ) E
o N T e
o EE Search for x;x3 — 31+X D@, 320 pb
g 0.6 L MGE)= M)~ 2M(3); Mslepton) > MGz) Preliminary -
— K '0,. tanf = 3, 4 >0, no slepton mixin ]
g 0.5 i ’ . — ‘IO'I:b1 250 300 400
= Expected Limit (no t) - M [GeV]
;_; 0.40 ——— Observed Limit E 1 1/2
@. weeeee Expected Limit E 2fb- Dedes, Dreiner, Nierste, Richardson
g0 N\, : hep-ph/0207026,2002
02 i S e = - - .
................... s B_— u'w and Trilepton results:
=] » Starting to limit mSugra in top
e e left corner: bottom left soon

Chargino Mass (GeV)



