Search for Non-Standard
Model Physics in Rare
Decays at the Tevatron




New Physics in rare decays

Study of rare decays o .
tests Standard Model == ;%L//
at very high precision Lt
Decays suppressed at 4

tree level -
Loops sensitive to BSM —
physics ey
Unexpected -
contribution can be *
more evident
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Tevatron accelerator

Tevatron is operating over the
design lE\

Lost the energy record
Still best luminosity:

DS

Initial luminosity 3-4 1032
Integrated luminosity 8 fb

Physics program successful
and at full maturation

CPV, Rare decays, B-hadrons, ...
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CDF and DY experiments

=0

Muon Srumllators

‘

,’ Muon Chamber d
\
\v\,-?’ T

‘- oy Shiclding |

CDF PID identification using dE/dx Extended muon coverage DY)
and ToF Precise vertex reconstruction
Good tracking resolution, also Reversible magnet

at trigger level
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B-Physics at Tevatron
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Pros:
Production cross-section is HUGE
Ideal for exploring rarest channels

All species of b-hadrons:
B, By, B, A, 2y, ...
Cons
QCD background o(bb)x103

Sophisticated trigger selection
required
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Rate challenge

| Di-Muon Mass |

CDF Preliminary: ~360pb”’

= ol Tri -
« Hard to store on tape all the 10 Pt
. . Rare B
produced collisions BBbar
10 S Upsilon
e 2 MHz = 100 Hz ,
* Developed strategy and o° . .
hardware to collect high-purity Y(1S): 18K
3 \ | Y(2S): 3.6K
samples 10 A resizox
* On this talk: 3 T R e lwg\;“"*\
. . 10" A f’ ‘ W""‘“‘W‘
* Di-muon triggers, to look 5 5 3 = x -5 -8

for 2 muons candidates

* Track-trigger, to look for
collisions with displaced
vertex

Di-Muon Mass(GeV)

di-muon trigger track trigger

“+ ™+

Ihy H

\ AN
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B—2>VV dec
dominated

First observation at CDF

with 180£

[PRL95,031

Polarization Puzzle:
SM predict Ap»A; A-
Confirmed in b>u trees
and b—>d penguins
Not confirmed in b—=>s

penguins
NP? SM?
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ay penguin

b-1

1(2005)
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B°.= @@ BR measurement

CDF Run Il Preliminary Ly =291
Data collected using i +
hadronic trigger e EEE
Displaced tracks required 362: elem e
Based on 2.9 fb? ::: S ——
Branching ratio b
normalized to Bo. 2> )y | e e
Independent sample from ™
sin(2[1,) analysis =
BRB® —> ) = P40 +021 £027 £082 x10° ..
http://www-cdf.fnal.gov/physics/new/bottom/ogo618.blessed-Bsphiphiz.of R

K) [Gevie
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B°.— @@ polarization

P2>VV decay

Decay rate is function of
angles in ¢ rest frame

ML fit used to disentangle
polarization contributions

Untagged and time

&= €0s9,c08 9, @

integrated

3A & -
Trigger selection effects on dd/:cf/: 3297“/% FG63F 6
the angular templates
considered F=F €A, A
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B°.— @@ polarization

Candidates per 0.5 rad

Candidates per 0.24

CDF Run Il Preliminary L=29fb"
120
100- " Data
Bs—¢¢
80 B;ckground
607 —t— | |
401

-0.5 0
cos?,

0.5

|A0|2=0.348+0.041+0.021
|Al1 |>=0.287+0.043+0.011
|AL]|>=0.365+0.044+0.027
C0s 6[1=-0.91%%%_ .+0.09

. CDF Run Il Preliminary L=2.9fb" CDF Run Il Preliminary L=291b"
907 —+ Data | —+ Data
801 — Fit y, 100 — Fit
70 Bs—¢d o

Background 5 807
60 + o
50 3 601
301 - 2 4
3
20 + O
0-1 -0.5 0 0.5
® (rad) cos9,
CDF Run Il Preliminary L=29fb"
o 907
§ 80 —+ Data
2 701 — Fit
= Bs—dd
© 601 ackground
@& 501
Q
5'0)3 40
g 301
g 20
O 101

5.3
Mass(K*K'K*K) (GeV/c?)

5.4 5.5
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B°.— @@ polarization

CDF Run II
QCD factorization 1
QCD factorization 2
QCD factorization 3
Naive factorization
NLO EWP 1
NLO EWP 2

perturbative QCD

fu [%] fr %
34.8 + 4. 1(stat) £ 2.1(svst) 65.2 = 4.1(stat) £ 2.1(syst)
4870130 5270135
34 + 28 66 £+ 28
86.6 13.4
88.3 11.7
86.3 13.7
86.3 13.7
610735735740 381135728140

CDF Run Il Preliminary L=29fb"
—+— CDFII CL=68.3%
weeeet Beneke et al., NPB 774 (2007)
08l Datta et al., EPJC 60 (2009)
: /Il Chengetal., PRD 80 (2009)
Ali et al., PRD 65 (2002)
S— RN

f =f,=|A0|?>70.348+0.041+0.021

f:=0.652+0.041+0.021 061"

\
0 0.2 04 0.6 0.8 1
http://www-cdf.fnal.gov/physics/new/bottom/100304.blessed-Bsphiphi amplitudes/index.html fa
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B> hpup

Decay are FCNC mediated

_— M
via EW penguin and box g(\ -
Bo*>K*)yu observedatB- > s
factories %’”W”é
B°. =2 ¢up not yet observed p

BSM affects: 54 "
b i 5 i i S

Branching Ratios
Differential BR
FB Asymmetry
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B> hpup

Data collected using di-muon trigger
Based on 4.4 fb after quality cuts
Signal normalized using the B> J/ywh mode

Cut selection for the normalization mode
Veto on muons from J/y and v’
Final selection based on ANN

eIo/oseh 1
J -
Iooswe ) NN ‘ B(‘]/W_)/u /’l )
e . . € . _

hu™ u hu™ p

B(B—hu'p”) (N
B(B— J/yh)
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B—> K*)uu Branching Ratios

HFAG Sep 2009 averages:

B > K'u'p = |52:55 x10°

BE® > K u'u =053 =10

Measurements competitive
with B-factories
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CDF Run Il Preliminary L=4.4fb™

CDF Run Il Preliminary L=4.4fb™

N§ 100;Yield:120 + 16 (142 expected) N§‘ - Yield:101+ 12 (102 expected)
2 | Mass:5277 + 3 MeV/c? 2 601" Mass:5284 + 3 MeV/c*
[=] ’ [=] [ .
> B'—> K'u*w [ B’ K"y
-g 80? 4 Data -2 50 4 Data
g | — Total Fit g L — Total Fit
u Y B I Signal u 40; :"-: ----- Signal
60~ - Background L - Background
H‘h + 30
o T + +
[ H+ L zoﬂ +
20 P + I +H + /Jf {0 +
- $ e, 101 + """" S | | ||
07‘ 11| ‘ L1 \-'7’.’\: 1| ‘ “‘T'-\ L L daduded ‘ | - ‘ Lebeded o:‘ L1l ‘ L1l \“r“\" L1 ‘ ‘\\‘.F'd J wesduad fﬂ L+L Ll ‘ Lkl
5 51 52 53 54 55 56 5.7 5 51 52 53 54 55 56 5.7
M(uuK) (GeVic?) M(upK ) (GeV/c?)
—6
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B°->K(*)pp differential BR

CDF Run |l Preliminary L=4.4fb"
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BSM physics could change the shape
Results are compatible with the SM and other
measurements
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B°.— ¢pp Branching Ratios

CDF Run Il Preliminary L=4.4fb™

L 22 Yield:27 + 6 (31 expected)
2 o Mass:5365 + 5 MeV/c?
= 200
& F 0 + .
=18 Bs—éup
% 16 ~+ Data |
I.I>J ! — Total Fit
49- N - Signal
L - Background
12
100
8 o
6 ;
a— | Tk o b
0 . habalad J R | ‘ Lhabuk 4-4' ‘ “? d ‘

mbe | Ao | N T ‘ NN |
5 51 52 53 54 55 56 57
M(uu9) (GeVic?)

First observation
Peak significativity ~60

B@S > guy = ]44+0.33+0.46 x10°°

Rarest decay so far
New B> VIl mode

Measurement of
polarization can give
addition NP constraints
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B->K*)uu FB asymmetry (a)

Emission in di-muon
rest-frame function
decay direction
Emission angle for K

also affected the BR | |
[F. Kruger and J. Matias, Phys. Rev. D71] \

NP is expected to show
a clear discrepancy

from SM F(S(] 005(9 )>0 —F(%(] cos(&* )<O
Y B cos(9,.) >0 +F(3(|2 cos(9,. )<O
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Be->K*)uu FB asymmetry (b)

1 2CDF Run Il Preliminary L=4.4fb™ 2CDF Run Il Preliminary L=4.4fb™ o 2CDF Run Il Preliminary L=4.4fb™
i FE SKWw) | & A5 K%yw) € © Aqg(B" - K'u'w)
1:* I 4 Data 1.5 -# Data 15— - Data
i : B —SM
1T
s
0.5 I
c! e |
—— ,_%_, T l l
r : r 0.5
-0.%"“‘H“‘“‘“““{“““‘1“““““ b b b b b b by o b b b b bt b e e By
2 4 6 8 10 1214162182 0 2 4 6 8 10 12 14 16 18 0 2 46 81012141618 2022
o? (GeV“/c) q? (GeV?/c?) q? (GeV?c?)

Consistent with SM
Consistent and competitive with B-factory measurements

Almost reaching Belle statistic
BSM models constrained

http://www-cdf.fnal.gov/physics/new/bottom/og1112.blessed-b2smumu_afb/index.html
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Most popular SM ALY S
benchmarkin flavor

Y

Y

Theoretical prediction with *—— v+
small uncertainties S i
Clean experimental i

b
signature >_5f__<

Powerful probe to reject or
discover BSM effects

Br(B, — pTp~)=(36+03) 107"
Br(Bs—p )= (1.1+£01)- 107"

A. J. Buras, Prog. Theor. Phys. 122, 145 (2009)
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B°,, 2 up analysis

Data collected using di-muon triggers
Final selection based using MVA analysis

Decay length, Isolation, pointing angle, ....

NN with final observation in 2D plot
CDF measurement using 3 NN bins: 0. 80, 0.95, 0.995

DY measurement using M(pp) in 5.0-5.8 GeV/c?, NN in
0.9-1.0

B*->J/wK* used as normalizationin s.e.s.

;“"s"_i,?f’{ ap+ base ;
, 0 L QRO - i - ;o - .
B(B? — ptp— 9570 — - 2 = -2 B(BT — J/YKT)
: KT ;
' i E

Np+ apo
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°y 2 M results at

CDF Preliminary 3.7 fb”

N‘%sui_ B B CDFPréIiminaryS.l?fb"—i g 1__||||||||||||||||||||||||||||||||||||||||||||||||__
= s0F- .o 0.8<v,,<0.95 = s 3
3 E s ]
8 2E 3 ! — B, — u" u Signal 1
a T E = 3 J
- — L} L} = — -I .
EE T E & 10"'- - Background (Sidebands) -
o 0 73 3 Ty —— = 55 ) u - -]
Mu' u [GeVie™] B e - ]
"'_; 18 ' ' = i Tt -
16E- ) . = 2 "t — n
g 1E Bd B 0.95<v,,,<0.995 = 10 E_ ' "'.__ = E
] : SRl
2 BFE E S
g eE = f L s
2 4 =
T LE =
£ 2E = 3 _
I 3 v 55 55 = 107% E
M 'y [GeVic] S P [P P U T B Lol
0 01 02 0.3 04 05 0.6 D? 08 09 1
~ 10 T T T T T T NNOUt
[%] - -]
'E‘, = B, B, 0.995<v,<1.0 ]
3 Sf =
rpd E BR(B.>pup) < 4.3x10® @ 95% CL
[1:] = - -
2 F = < 3.6x10% @ 90% CL
-] - 7
[&]

BR(B > up) < 7.6x10° @ 95% CL
< 6.0x10° @ 90% CL

My [GeVic’]

http://www-cdf.fnal.qov/physics/new/bottom/o9o813.blessed-Bsd2mumu//welcome.html
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Probability / 0.02

a) DO, 6.1 fb’'
0.3 (a)
. =TT
: — B! simulation
0.2 T ---- Data sideband
0.1
0
(b) D@, 6.1 fb’
0.2 B —Jhy(u n)K”
~* B data
0.4 B simulation

Events/0.05 GeV

5 55 6 6.5

m,, [GeV]

| (b) D@, 6.1 fb'

0

(=]
o

Events/0

5.2 GeV=m, <55 GeV_

Mo
oo

http://www-do.fnal.gov/Run2Physics/ WWW/results/final/B/B10oB/
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BR(B,>up) < 5.1x108 @ 95% CL

< 4.9x10% @ 90% CL
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B°,,= UM projections

. . g 1000 TITTTTrrY l llllll L LA | Ty [rrrree T

Upper Limits on BR(B_—"1’) at 95% C.L. at Tevatron C =, : ]

: : : : H A : ----- " ' I‘"=U, _ll>0 :
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107k zzesenes . el BV : .
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I B D@ pub. 13f5'Obs. | == - B VA Q ]

a8} -8 — - ' o W 1o, ; -

10°F {> D@ prel. 4.8f5" Exp. = - ¥ 19, - : .
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= A I~ : I -1

: S . ———— X D@ prel. 6.1f5' Obs. 400 RO E
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Integrated Luminosity [fb™] |- D@ projection oS .

200 P Or OIS VL0 S R YT ST I A0 0008 WA T UTUN G B - DY 0 W B

400 600 800 1000
m, ,[GeV]

CDF+DYJ are expected to reach ~2 108 using
the whole sample. SM observation difficult
but BSM constrained

23/06/2010 - BEACH 2010 Search for Non-Standard Model Physics in Rare Decays at the Tevatron - G. Volpi 23



Conclusions

Tevatron experiments are
leading search for NP in rare B - v’ 7101’ rio’d 7o naditors ;"™

—

decays %ﬁ
First observation of BC.Doup |
Best measurement on: B°.=2 ¢, ?ﬁﬂ |
and B2 pp !
Competitive results on B>Kpp ) A T
Not all the current data is used 0 ke Number

New data are coming |
Luminosity range used in

2011 confirmed, discussion to .
d this talk

extend ongoing
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Backup slides




B°.2 @@

Bs — ¢¢ Bs — J/v¢
Variable cut Variable cut
Lyy > 330pum Lxy > 290pum
pi min > 0.7 GeV/c PY  >1.36 GeV/c
Yoy < 17 Xor <18
d0(B) < 65um do(B) < 65um
d05sx > 85um PYY  >2.0GeV/c

BR(Bs—¢9) __ —2
pontBe—00) - — [1.78 4 0.145% £ 0.20%*!] - 10
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B°.2 @@

Parameter Fit value

M [GeV/c?] 5.3636 £ 0.0012
o [GeV/c?] 0.0165 % 0.0011

Fs 0.381 % 0.030
b [c?/GeV] 2.68 4 0.67 ;
| Ap|? 0.348 4 0.041 dA—Ew)A((D)
42 0.287 + 0.043 s
Cos 9 —O.91J_r8:%?, BAD) 9 1
B 049—1—031 w _ 2 A2 ey =
020 A sz | 7o) T Fel@)
= 2
Fe= 1 VAP A(@) +14)1a@) + |A0ll 4y cosess @)
< 2
Fo= | ALPA(®)
H
o AP+ [A17 AP
W = T, + To
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B-2>hpup

LL_'1'2_

&
S
g
N3
o
ool

CDF Run |l Preliminary L=4.4fb™
_ F (B = K u*y)
- Data

“10 12 14 16 18
q? (GeV?/c?)
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AFB

1.5}

2CDF Run Il Preliminary L=4.4fb™

_ Aq(B? = K u)
r “# Data
~= SM

o
i
N
m:_
ol

10 12 14 16 18
q2 (GeV?/c?)

2CDF Run Il Preliminary L=4.4fb™

m
L
< | Agg(B" - K'uw)
1.5 4 Data
I —SM
17
0.5 |
of j——=r——"
-0.5
I\Ill\l‘ll\llll‘\-'II\IlI‘lill\llll‘llll\lll\
0 2 46 8101214161820 22
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rojections

CDF Preliminary 3.7 fb’

;a’ F T T T o FT T T T T T
S oashe] . E 2 .
£ E T T T £ r T T — T E —-B. - Signal T o5 ]
g zuof- CDF Il Preliminary 3.7 fb™' st — B'— JiK Signal MC S osp s I SN { z
§ 1800F E g'm.‘ — Data Using SB Subtraction = L Background (Sidebands) =z oz E
W 1600 2 o ] N 0.253: E = -
aof- £ Prob =100 % sooof- 2 Prob=67.9% ¥ i
E [ (¥ E [RE = b
1200p- E sooaf E :
1000~ E 3 E o1sf ) 3 o
a0 = - 2 - ]
eaob 3 b r 0.1:_-!'. E F R
E F E = oosf- ]
a0 E 2000 . 005 s, - [ e, "
mE 3 : E ! et P o
E L L L L L | E [ . - ¥ m -.I.-‘-_:'
5 10 15 20 25 4 3 8 10 q os 0E or [E] [E] 1
p:(B,) [GeVic] pyu Low [GeV/c] Isolation
t F T T T c RRan ey s s
o F ® = F T T T T T T T o F T T T T T T
= F = E < F - L -
: mE § 3 go.u_- E ; -
W a500f L T, 0F | T |
E y2 Prob =336 % e E ZWE T
E = il - o -,
2000F - o 3 z H [ " —
E [ - = [ _—
1500F= .08 E | L T——
?’ F - 10 L. — g
10a0f- 006  w E F Ll e
of- T L L ! l-"'-..
E [ L . 10 "
o 3 [ NS B R e.02- a et a F ¥
1% [em] 1* significance LA L L 1 ] L
61 62 63 04 65 68 67 0 20 30 40 50 &0
Ao® [rad] 3 significance
£ o T T T T T £ Fr T T T e
& asoof- 3 & s000F
2 sooF 2 000 3
Emf_ ZP b = 84.5 % E Em n':“--“_ T T T T T T T T T {03 F T T T T T T T
3500 rob = 84. E E E o 35 " J
e r b 3 aan 4 Prob = 0.00011 % Sof 5 1 2 F n
E ] - T 3 " E
2500 E s E Zomsp b E z | o
2000F- E 4000 E = F :_: o E
1s00f- 3 3000 E [¥: B E ozE— ' - E
1000f- 3 2000 3 s b - E !
saof- 3 E I E eask = o :
E — E L E
4T TE TE T TE 5 X YR ¥ o :' I ] [ %] :_ E
Iso 4™ [rad] o0sf- I i E P ' E
F Fpm E ] LS
LMW E U L e Y — e e
TS s 5 5 L F] 4 8 10 12 14
p.(B,) [GeVic] pri Low [GeVic]

23/06/2010 - BEACH 2010 Search for Non-Standard Model Physics in Rare Decays at the Tevatron - G. Volpi 29



