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Introduction | |

e FCNC b — s quark transitions occur via a loop
e New physics (NP) can enter the loop

e Treat with Operator Product Expansion Mt = My
— Model independent approach

Hes — ‘f’; Va Vi3 (GO + €0l

e Wilson Coefficients give short range Physics

— Measure to discover or exclude entire classes of NP
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Ba— K"ty \Qi >'<

e First observed at Belle
- Br(Bg — K*putp™) = (1.2274:35) x 10~° O, Oy 10
e Particlesin Loop

— Both neutral and charged NP
(replace W*, Z°%/y, u/c/t)

e Sensitive to NP
- Dominated by C,, C,, C4,

- Studied with NP from SUSY, Ba
Littlest Higgs, Randall-Sundrum,
Universal Extra Dimensions etc pr
. 70/~ /
e Laboratory for Studying NP afeft oSN
— Complementary to direct searches @ "
e e b . . 5
— Offers NP model discrimination B, : - g 70

for any LHC discoveries
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Decay Kinematics

See e.g. arXiv: 0807.2589

cosl; = A cos Oy = TRZ %
m* |Q,u_‘ |TK_‘

sing = (e; X ex) - e, COSQ = eg X €

e Decay in terms of 3 Angles and 1 Invariant Mass
- 0, 0, ¢ and g?, the invariant mass squared of u pair

. Prx— T+ Dr+ _ Du— X Put 0 — Prk—- X Pr+

— y €1 — y CK —
|pK_ +p7r+’ ‘p,u,_ Xpu+| ‘pK_ Xp7'('+|
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What to Measure?

T I T T T I T T T I T

T ] T

0.4 — SM
- C1O o 'C1O

AFB

-0.4
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Angular observables

— Small theory error
- Experimentally accessible

E.g. forward-backward
asymmetry of uu

— Sensitive to interference
between C,, C4 & Cy,

Plausible NP models

— Large deviations

Zero crossing point (qzo)

— Accessible with small integrated
luminosities (~0.5fb™1)

— Form factors cancel
at leading order
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, Belle (2008) - ICHEP
Current Status — Zooming In BaBar (2008) — 0804.4412

-0.6;

q’ (GeV?)

(SM + Errors from arXiv: 0807.2589)

BaBar (2008) ~100 events, Belle (2008) ~ 200 events
Less than 0.1fb-" will give same statistics as currently available
LHCb (2fb-1) ~ 7.2k events
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Selecting the Signal at LHCb

Events /{

e Challenging Environment
- LHCb Optimized for B-physics

e LO utrigger

- u pT threShOld ~ 1GeV SE00 5100 5200 530(:118 sin:ﬂej_;m
e B,vertexres. ~130um B T
e Track momentum ~0.5% ‘»—“«w-‘l p?
w 80/~ | 7]
- Bymassres. ~ 18 MeV ] -
o KK, Pr:96.77+0.06 % ]
e Good u ID performance key : oK Pr:394:002°% |
40— —
* /K separation from RICHs E E
0l ﬁ“ﬁ" |
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Signal Yields

P - Background categories
e Latest full MC studies: § sovo =
— Total selection eff. 1.1% 8 4000 — .

- ~7.2k per 2fb! (full g range) B oo

e ~3.7k per 2fb* (q* <m;,*) 500 ! ?:ea,

- ~1.1k of background events ,y,
e See CERN-LHCb-2007-038

1000

e Use multivariate techniques
Mo o | o o ol 7

- By tlight distance, IP, 0702 03 04 05 06 07
PID likelih()()ds Fisher discriminant
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Background at LHCb

e Dominated by genuine p from B

e b— ,b — p dominant contribution

— Little uw mis-ID in MC

- Symmetric in 0,, scales Agg; observed

e b — u -+ c,c — p significant

- Asymmetric in 0,, affects Agg

e Non-resonant 5; — Kmuu
thought to be small
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— Limits set from B — K™
- Will measure in data
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No. of Events

No. of Events




Analysis Timeline (2fb-! means 1 nominal year!)

e Aggfirst — can do a counting experiment

— Zero crossing also accessible
- CERN-LHCb-2007-039

o Perform fits to decay angles = F|, A;%)

— Fitjust to O, or all three angles
~ CERN-LHCb-2007-057

e Full angular analysis

— Many observables + improved resolution

e Steps limited by understanding not statistics
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. . 0. ! | L
Counting Experiments for AFB. >° | | | _
. b Simple Gounti

e Can extract Agg by counting o2 | mpie Lountng -
4 TS~ i
forward and backward w 0 1

- Relatively simple 0.2 _+__+_ +‘

- Requires only small integrated w04t ]

luminosity 06 . . | L
0 2 4 6 (GeV?)

e Allows zero-crossing extraction
- 0(q?%,) ~ 0.8 GeV?/c* (0.5 fb!), 0.5 GeV?/c* (2 fb!)

4510 .

Foof ;
Forward 6<90 - Backward 6>9(Q

goor

ts i
o AFE

Ev
.

anof
oo}

200}

' Beyond Simple m

o waF between me
“FCounting asf + More robust "\
u.ﬁ 2 =25 4 48K K BERE K HBEHE F Uuﬁ 2 2.5 4 4§ KR RERE K 6K 7T u.ﬁ 2 235 4 45 § Eg 5 65 T
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0.8

Projection Fits

0.6

w

e Three decay angles = beyond 6, o4

— Angular projections of 0, ¢, 0, dist. o

dar’-- 1’ ( 1
= 1
2

2 .
et LR Fr)AY cos2¢ + A sin 2¢> 0.0

dr” =T §F sin? 0 —|—§(1—F )(1 + cos? 6;) + Apg cosf
deosl 2L 1+ g L 1 FB 1

dr’ 31

4 6 8
q’ (GeV?)

LHCDb 2fb-1 BaBar Belle 08

dcosfx 4 (2Fp cos® Uk + (1 — Fy) sin” Ok 1.0

e Perform simultaneous fit in q? bins

0.5

e Improve precision on Ay by ~2

e F, precision also improved
e Measure new observable A()

with poor resolution in 1-6 GeVZ2/c*™**
region due to (1-F;) suppression
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SM Theory Distribution
Toy fits to SUSY model b (C’, !=0) 1, 20

Full Angular Analysis
d*Tr = CERN-LHCDb-2008-041
* dq2dfdfxdé parameterized by 20 AV RDREREE
K* spin amplitudes

1.5-

AT(3)

1.0
- AiLRr, A L,R, A0L,R E
0.5%

e Perform fit for amplitudes

- Assume polynomial g variation

e (alc. observables from amplitudes
- New observables A;3) A4

A _ [ ALAlL — AsrAiR @) _ [AoATy — AjpAirl
' VIAo? x |AL[? T [AGLAL T AorAjR| €
<

- 10fb! sensitivities for SUSY input
e JHEP 0704 (2007) 058 - model ‘b’

e MC Fits converge with 2fb-!
— Acceptance a challenge
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Finding NP in C,

Skey  Bria

b—=uv  Intersection

AT(3)

Allowed regions - C, real
JHEP 0807:106,2008

After 10fb-! FA analysis?
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Summary Bg — K*utp~

e Excellent prospects for discovery of NP

— Hints from B-factories + theory

e Expect 7.2k signal events per year
over whole g range

e Exciting Physics program
e Many observables to study

— Counting experiments, projections, full angular
— Real discriminating power for NP

e Exciting times ahead!
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BACK UP SLIDES



Acceptance Effects for A,
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In all cases, no
bias on 0-pt

e Take toy efficiencies for g%, 6,, 0,

— 0y biases Ay even though are only using 0, directly

°g%/GeV?



Outside the Theoretically Clean Region

e B - Vector form factors large source of theoretical
uncertainty

- Dominated by low energy effects
- 7 independent functions of q* -V, T, ,3, A,
e Use SCET to reduce 7-> 2 at Leading Order
— Only valid in range 1-6 GeV?/c*
— Can not handle resonances or low g region
e (Observables where 2 remaining FF cancel
- A;(2>3%and AFB zero-crossing point
e Uncertainties outside region much greater
e See Beneke et al, Nucl. Phys. B612 (2001) 26-58
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Projection Fit Resolutions

e Results from CERN-LHCb-2007-057

q? region Arp Al )

(GeV¥c) | 2/b~1 10fb~' 2fb~' 10fb~' 2fb~' 10fb!
0.05—1.00 | 0.034 0.017 0.14  0.07 0.027 0.011
1.00 —6.00 | 0.020 0.008 042 0.16 0.016 0.007
6.00 —8.95| 0.022 0.010 028  0.13 0.017 0.008

Table 1: The expected resolution for measurements of the parameters Apg, Ag? ) and Fr

for the By — K*°u*p~ decay at LHCD in regions of the squared di-muon mass ¢ with
2 and 10fb™! of integrated luminosity.

T T T T T
¥/ nd 9.75/17 |

S70FT T T < oof
; : ncﬂ:g:'am Fjoﬁggz ggg : 3 o mean = 0.016 = 0.044
:60 r Sigma 042002 | ; 80 : sigma = 0.995 + 0.031
e [ t F
5 r 270F
2 50F o
C 60F
40: 50
3oL 40F
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201 E
- 20F
10 :
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AT2
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Observables

3Re(A) A7) ~ Re(A AL p)

App = = (g0 =
B 3 P+ A+ AL e

| Aq|*
|Ap|% 4 |A 412 4 |AL]*

@ JALP ~ |4

A

T = |AJ.:2*3 |AI:?
(3 |AorAff, — AgpA |||
T ViaRagE
and
A!:;] N | Aoz AT ~ AppA gl

AL AL + AorASg|

AAL = Ay (q)ASL(6°) + Agld®) ASple®) (1,5 =0,],1).
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Drell-Yan Backgrounds

e Not significant background at LHCb
e Full simulation study:

- bb decays dominant source of uu in mass range
— Drell-Yan production much lower
e Reconstruction Efficiency:

1. Fake signal - need a K* from elsewhere
2. Wrongly associate this with uu vertex
3. Miss-ID rate should be very low
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NP in C, Legend

AT(3)

AT(4)

97 (GeV?)

William Reece - Imperial College London
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Selection Cuts from LHCB-2007-038
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Particle Cut variable Selection Preselection
cut value cut value
mass window + 50 MeV/e* (3.60) + 500 MeV /¢
Pr > 250 MeV /e > 250 MeV/e |
B vertex y° < 20 < 50 |
! cos f > 0,99975 > .99
flight-significance > 6 -
sIPS <5 <8
Vertex Isolation® <11 -
mass window 4 100 MeV /c? (2x FWHM)* | £ 300 MeV /¢?
pr > 300 MeV /¢ > 300 MeV/e
K* vertex y* < 30 < 30 |
Hight-significance > 1 -
sIPS > 1.5 > 1.5
P = 2000 MeV /e = 2000 MeV /e
K+ Pr > 400 MeV /e > 250 MeV/e |
sIPS > 3.0 > 1.5
p > 2000 MeV /e > 2000 MeV /e
o Pr > 250 MeV /e > 250 MeV /e
sIPS > 3.0 > 1.5
9 . 39 le\ /o2
J/W(1S, 2S) mass-rejection 52[5? ) g;gg ::::;21 -
I 9 .
' < 15
flight-distance > 1 mm -
p > 4000 MeV /e > 4000 MeV /e
[T Pr = 500 MeV /e = 300 MeV/e |
sIPS > 2.0 > 0.5 |



. . . d‘l‘—d 4 2 N .
Angular Distribution 0 s~ Fan (000 Ok, @) sin Busin i

I = I, 4 [ 00820 + I3sin’ 0 cos 2¢ + I;5in 20, cos & + I5 sin 8 cos ¢ + I cos b,
4 Iy sin B sin ¢ 4+ Iy sin 20, sin ¢ + Iy sin® 0; sin 2¢.

4 2 . 2 2
L = 1 (|4 )* + 1AL + (L — R))sin® Ok + (| Aar)* + |Agr|?) cos® Ok
= asin® O + boos® O,
1 .
I; = 4(|AJ,|2 + |A|;,]2)51n2 Ox — |Agp|? cos® By + (L — R)
= csin’ O + doos® O,
1
I=3 [(m-u? = |Ayz|*) sin® Ok + (L — n)] = esin® O,
1 . )
I = E[RB(AOLAHLJSUI”K 4 (L - IZ)] = fsin20k,

I = /2 [Re(AO,,Alb)sinmx — (L — R)] = gsin 20k,

o

Ig = 2

A" )sin® O — (L — R)] = hsin® Oy,

I; = \/ﬁ[lm(AM‘Al'L)sin%K (L~ R]} = jsin 20y,
g = T[Im(AU;A L)sin20g 4 (L — R)] = ksin 20k,

Iy = [Im{A”A p)sin® Ok + (L — R]} = msin® Ox.
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Physics Sensitivity to K* Spin Amplitudes

V(s) 2m¢

mi + mx-

Alpr = NV2)\/2 [(c;j“’ ) F Co) € 4 (q?)] (3.5)

v v o [ o A 2
AL = ~NV(my—mi) | (€ FCio) ""m’x,. - IDY) . ()

N

Ao = ~——=
’ Imic- /g

‘Q' A .)
[{ce. ) Tcm){(m?; —m. — @)(mp + mg-) Ay () - Aﬂ}
Ty -+ my-

( ( 2 2 ‘ A
+2ms(C ~ cr"-“-‘){{m% + 3mice = ¢)Ta(g") = —————T(q") }]wv)
8 K*

vhere A = mj; + mi. 4 ¢" — 2(mEmi. + mi.q° + mjq°) and

f I "2
Gra® “2,241/2 ami\ 7"
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Experimental Constraints for C7 Plot

observable SM data

B(B - X.~)° (3.15£0.23) - 1074 [34] (3.52+0.25) .10 (3]
Sk+- (-2.8757)-107° ~0.19 £ 0.23 3, 31
B(B - X )|y | (1.59£0.11).107" [35] (1.60£0.51)-10°° 33)
B(B — X,ll)|j>004 | (4.15£0.70) - 107" [21] (4.5+1.0).107° 24)
(AFB) figh a2 <0 ~(0.767 033 £ 0.07) [6], also [4, 5]
B(B, —» jip) ~3.107° < 4.7.-107% at 90% C.L. [32]

Table 3: Relevant b — sy and b — sl observables. “With photon energy cut E. > 1.6 GeV. "SM
value obtained with m, = 0.12 GeV. “Note the different lepton angle convention between 5, 6] and
this work.
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