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The LHCDb hunt for non-SM Higgs(es)

B 45 uu is the best way for LHCD to constrain the parameters of

the extended Higgs sector in MSSM, fully complementary to direct searches

Main SM diagrambs

u b u w

=

Double suppressed decay: FCNC process and helicity suppressed:
—> very small in the Standard Model but very well predicted:

Bs—pp= (3.2+0.2)x10~ \ \ Ba—p = (1.010.1)x10-10\

Buras et al., arXiv:1007.5291 and references therein
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Helicity suppression:
all relevant SM diagrams contribute to C,
as the diagram with Higgs exchange is fully negligible ~(m,/my)?



The LHCDb hunt for non-SM Higgs(es)

B 45 uu is the best way for LHCD to constrain the parameters of

the extended Higgs sector in MSSM, fully complementary to direct searches
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Double suppressed decay: FCNC process and helicity suppressed:
—> very small in the Standard Model but very well predicted:

‘ Bs—p'p=(3.240.2)x10” ‘ ‘ Ba—ptp= (I.Oﬂ:O.l)xlo-l“‘

In SM BR(B4=21T) is proportional to [V qg|* :
1. BR(B;= I'T") ~ 30 times lower than the B, 1" I
2. The ratio of BR(B,=>11)/BR(B,=> 1)= |V |*/|V 4?in SM and MFV models 4



The LHCDb hunt for non-SM Higgs(es)

B 45 uu is the best way for LHCD to constrain the parameters of
the extended Higgs sector in MSSM, fully complementary to direct searches

V4 : u-
CA’ CA ~ t(ajnGB C )
S> ~P

Double suppressed decay: FCNC process and helicity suppressed:
—> very small in the Standard Model but very well predicted:

‘ Bs—p'p=(3.240.2)x10” ‘ ‘ Ba—ptp= (l.Oﬂ:O.l)xl()-l“‘

—> sensitive to New Physics contributions in the scalar/pseudo-scalar sector:

MSSM) o ( mbm#tan?:g )2

( cs.p MSSM, large tanf approximation 5




Experimental results (before summer 2011)

Published B, pp limits @ 95% CL

CDF 3.7 fb! 43x 108
DO 6.1 fb! 51x10%
LHCDb 0.036 fb'! 5.6x 108
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Experimental results (before summer 2011)

Published B, pp limits @ 95% CL

CDF 3.7 fb! 43x 108
DO 6.1 fb! 51x10%
LHCb 0.036 fb'! 5.6x 108

But also an anomaly:

long-staying (since La Thuile)
expected-only limit from CDF:
BR(Bs2>pup) <2 x 10 @ 95% CL
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July 12t 2011:
CDF sends to archive the following paper:

Search for B — p"u~ and B — p*pu~ Decays with CDF 11

A search has been performed for BY — p*p~ and B” — u* ™ decays using 7fb~" of integrated
luminosity collected by the CDF II detector at the Fermilab Tevatron collider. The observed number
of B candidates is consistent with background-only expectations and yields an upper limit on
the branching fraction of B(B” — p*pu~) < 6.0 x 107 at 95% confidence level. We observe

an excess of BY candidates. The probability that the background processes alone could produce

such an excess or larger 1s 0.27%. The probabllltv that the combination of background and the

expected standard model rate of B, = u u could produce such an excess or larger is 1.9%. These

data are used to determine B(B0 — ptp”) = (1.8%779) x 10~° and provide an upper limit of

B(BY = putp™) < 4.0 x 107 at 95% confidence level.

arXiv: 1107.2304 [hep-ex]



CDF result based on:

1) double sample size (3.7 fb'1-> 7 tb!)
2) +20% acceptance for muons
3) improved Neural Network

Muu distribution 1in Bs search window for different NN bins

. 10

CCosa<v, <097| 087<v, <0987 | 0987<v, <0995 v, >0.995

. Most sensitive
~, | Barrel-barrel s .. L bin:
= SO T 0.950.5 exp.
= _l_ _1_ I [ 4 observed
N N i
N . ook . [
b ackground % CF ooa<v <0097| 007<v, <0987 0.987 <v, < 0.995 v, >0.995 \
- A
"g Background Signal
S Barrel-endc ap B +signal (SMx5.6) (SMX5'6)
oLl 1t ¢4 "L‘@L\vwﬁlﬂ\w

5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

My, (MeV/c?) arXiv:1107-2304

2.8 ¢ assuming bkg-only hypothesis
1.9% compatibility with bkg+SM hypothesis

0.46 x 108<BR <3.9x10% @ 90% CL (BR=1.8*!1 ;) x 108




% Given the CDF central value, LHCDb should see

| ~20 events in the Bs mass window (a mountain)!
a ...but on July 12" we had still the search window blinded
| (the unblinding of the result for EPS was foreseen
only few days later)
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Given the CDF central value, LHCD should see
~20 events in the Bs mass window (a mountain)!

& '“ .. .buton July 12t we had still the search window blinded
" (the unblinding of the result for EPS was foreseen
only few days later)

Bs—>uu Working Group
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...background BDT ’ _what about
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' §)
we managed to stick on the \[—-’& \—» \y Ve, 9
plans 1n an ordered way (almost).. - -
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..we performed the final checks and’l '
three days later we opened

the window 1n front our internal
referees.. July 15%, 5 days to EPS....

LHCb management



Experimental parameters for the search of B ;=2 up

3 Huge cross section:
LHC o(pp2>bbX) @ 7 TeV ~ 300 ub (Tevatron ~ 100 pub)
O Large acceptance ( bb are produced forward/backward):
LHCb acceptance 1.9<n<4.9 (CDF: |n|<1 ; D0O: n|<2, CMS: n|<2.4)
- g(acceptance) in LHCDb for B ;2 pp~ 10% (CDF~1%)

O Large boost:
—> average flight distance of B mesons @ LHC~ 1 cm (Tevatron: 2 mm)

.... LHCD has a huge amount of very displaced b’s.......

N
M5
M4
M2 M2 2
-
SPD/PS yreay]
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.... But 1n a harsh environment!

- o(pp, inelastic ) @ Vs=7 TeV ~ 60 mb

- 60 tracks per event in ‘high’-pileup conditions (~2 pp interactions Xing)
- only 1/200 event contains a b quark , and we are looking for BR ~ 10~

LHCb expects 3.4 (0.32) Bg (B,)=uu events triggered and

reconstructed in ~300 pb-!if BR = BR(SM) "



Key ingredients for B, ;=2 up

1) Efficient trigger:
- to 1dentify leptonic final states with low-pT thresholds

2) Background reduction:

- Very good mass resolution :
=~ sigma(MB_ ) ~ 26 MeV  [CDF: 25 MeV, CMS: 40 - >80 MeV]

- Good particle identification: (u—=>p) ~ 98% for e(h—> )< 1% for p>10 GeV/c

- Excellent vertex & IP resolution to separate signals from background :
o(IP)~ 25 uym @ p=2 GeV/c (the best at LHC)

12



LHCDb analysis strategy

Soft selection:
- reduces the dataset to a manageable level

Discrimination between S and B via Multi Variate Discriminant

variable (Boosted Decision Tree) and Invariant Mass (IM)
- events 1n the sensitive region are classified in bins of a 2D plane

Invariant Mass and BDT variables, expected background from the fit of the mass
sidebands.

Normalization:

Convert the signal PDFs into a number of expected signal events by normalizing to
channels of known BR (this get rid of L and o(bb)):

- use B+ J/yK+, Bs=2>J/yp, Bd2>Kn
- use fd/fs combined LHCDb result: fs/fd = 0.267 *0921
(LHCb-CONF-2011-028 & arXiv: 1106.4436 [hep-ex])

Extraction of the limit:

- assign to each observed event a probability to be S+B or B-only as a function
of the BR(B, 42 ) value; exclude (observe) the assumed BR value at a
given confidence level using the CLs binned method.

13



Analysis performed 1n the 2D plane: Invariant mass vs BDT
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LHCb: background in the search windows from fit to data sidebands
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LHCD result in the B; mass window with 300 pb-!

0.25<BDT<0.5

+ . * _Data

(preliminary)
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LHCD preliminary limit for BR(B = pp) with 300 pb-!

(world best)
30-45_.'"'l""l""l""I""I""l"E
O 04f- LHCb 3
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CDF: 6.0 x 10° @ 95% CL
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LHCD result in the B, mass window with 300 pb-!

(preliminary)
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x (mm)

A B, pp candidate in the LHCb event display:
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-
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_ y:: m,,,, = 5.357 GeV
Primary vertex | BDT = 0.90
Decay length =11.5 mm
Tracks shown for py > 0.5 GeV
Z (mm)
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LHCD preliminary limit for BR(B,= pp) with 300 pb-!
(world best)
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BY — ptp~ at 90% CL at 95% CL CL,

expected limit _8 _8
(bkg only hypothesis) 0.8 > 10 1.0>10
expected limit _8 . _8
(bkg+SM hypothesis) 1.2>10 1.5 > 10
I 2011 only observed limit 1.3x107% 1.6 x107% 0.80
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CMS result for B.2>up search with 1.14 fb-!

Cut based analysis, sample divided in two bins: both muons in barrel (|n|
<1.4), one U in barrel one 1n endcap (1.4<|n|2.4).

Normalization with B+-2>J/yK using f,/f=0.282+0.037 [pdg]

L

Figure 4: Dimuon invariant mass distributions in the barrel (left) and endcap (right) channels.

56 58
m,, [GeV]

Barrel Endcap
NP 0.80 = 0.16 0.36 = 0.07
signal
.' "}‘)‘tp 0.60 = 0.35 0.80 = 0.40
N‘ép 0.07 = 0.02 0.04 = 0.01
peak
Nuhs 2 !
_ OMs.iiam  Ns=7Tev  _ oMS.iiam’  Ns=7Tey
f§ 2- Barrel T f?‘: B Endcap T
§ - B¢? signal window § —— BZ signal window
E -4 B° signal window E; t-—+ B° signal window

LG

5 52 54 56 58
m,, [GeV]

The signal windows for B and B° are indicated by horizontal lines.

[arXiv:1107.5834vI, CMS-BPH-11-002]
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CMS result for B, uu search with 1.14 fb-!

[arXiv:1107.5834vI, CMS-BPH-11-002]

* Cut based analysis, sample divided in two bins: both muons in barrel (|n|
<1.4), one u 1n barrel one in endcap (1.4<n|2.4).

* Normalization with B+->J/yK using f,/f=0.282+0.037 [pdg]

Barrel Endcap

NG 0.80 + 0.16 0.36 £ 0.07

NP 0.60 £ 0.35 0.80 £ 0.40

NP 0.07 + 0.02 0.04 + 0.01

peak

Nobs 2 l
Expected limit at 95% C.L. 1.8 x 108
(including presence of SM signal)
Observed limit at 95% (90%) C.L. 1.9 (1.6) x 108
p-value of bckg only hypothesis 11%

22



LHCb-CMS combination

[LHCb-CONF-2011-047]

* Combination has been performed by LHCb just adding 2 CMS
bins (1 for barrel, 1 for endcap):

CMS+LHCb combined

O ! A CMS +LHCb
- U preliminary .
> 3 === Observed ]
- RN, mEm Expected * 16 7
06 n (background + SM)
04 |-
0.2 p=
95% exclusion limit [ —

e d
BR(BS — up) [107]

BR(B.dup) < 1.1 x 108 @ 95% CL (3.4xSM)
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LHCb-CMS combination

[LHCb-CONF-2011-047]

* Combination has been performed by LHCb just adding 2 CMS
bins (1 for barrel, 1 for endcap):

CMS+LHCb combined

CMS + LHCb 7
preliminary

1
U
08 [ °
- === (Observed
[ N0 EEEEE Expected t 10 -
0.6 |- e (background + SM)

Most probable value [
0.4

02 k

_—_—T d
~4x10°° BR(B— up) [107]
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BR(B,~2uu) and Global Fits

An example: MasterCode (J. Ellis et al.) (http://www.cern.ch//mastercode)
Goal: perform global fits to measured quantities (including direct) and build a

v2:searches) compare with prediction from a given model (CMSSM, NUMHI,
mSugra, etc.)

N M ( rob fit )2 mas\,,T EE:_‘CPD ’. ’
! P2 N obs _ pfit e = —
X = Za(é,-c;l'z +I;()Pi)2 Z( S}\;i(‘fSM!S)ZL)
+ x*(b— sv) + x*(9.-2)  + X2+ x’(mn)
(+ X*(BR(B. » ) ) + X*(LHC)  + x*(XENON100)

Recent Expverimental Dd&a!

N: number of observables studied

M: SM parameters: Aayp,q, me, My

C;: experimentally measured value (constraint)

P:: MSSM parameter-dependent prediction for the corresponding constraint 25



Global fits: mput data

EW observables
(largest inpact My, A% p APpg)

Flavour physics observables
(largest inpact b=> sy, Bs=2>up)

(g-2),

Higgs Mass
Cold Dark matter density
LHC direct searches

Observable Source Constraint
Th./Ex.
me [GeV] [39] 173.2 £0.90
Aal) (mz) [38] 0.02749 + 0.00010
Mz [GeV] [40] 91.1875 + 0.0021
I'z [GeV] [24] / [40] 2.4952 + 0.0023 £+ 0.001sysy
Ohaa [0b] [24] / [40] 41.540 + 0.037
Ry [24] / [40] 20.767 + 0.025
A (£) [24] / [40] 0.01714 = 0.00095
A(Pr) [24] / [40] 0.1465 + 0.0032
Ry, [24] / [40] 0.21629 + 0.00066
R, [24] / [40] 0.1721 <+ 0.0030
Am(b) [24] / [40] 0.0092 + 0.0016
Am(c) [24] / [40] 0.0707 + 0.0035
Ay [24] / [40] 0.923 + 0.020
Ac [24] / [40] 0.670 + 0.027
A;(SLD) [24] / [40] 0.1513 + 0.0021
sin” 0, (Qm) [24] / [40] 0.2324 + 0.0012
Mw [GeV] [24] / [40] 80.399 + 0.023 + 0.010susy
BRy ., /BRpS ., [41] / [42) 1.117 + 0.076gxp
+0.082sm £ 0.050susy
BR(B, = utpu™) 27] / [37] (< 1.08 £0.02s5ysy) x 10~°
BREY, /BREM ., 27] / [42] 1.43 + 0.43exp4+TH
BR(Ba =+ ptu) [27] / [42] < (4.6 £0.01susy) x 10~
BRE Gy ee/BRoG x v | [43]/ [42) 0.99+0.32
BRi, . /BRE S o [27] / [44] 1.008 + 0.014gxp4TH
BR, . /BRY ..o [45]/ [46] <45
AMg" JAMB" [45] / [47,48] 0.97 + 0.01gxp + 0275y
ks | 27/ [42,47,48) [ 1.00+0.01exp + 013w
Aeit " [Aeg” [45] / [47,48] 1.08 + 0.14ExP+TH
a "t —ay [49]) / [38,50] | (30.2 +8.8 +2.0sysy) x 10~
My, [GeV] 26] / [51,52] > 114.4 + 1.5susy
Qcpmh® [29] / [53] 0.1109 + 0.0056 + 0.0125ysy
o T B | mg.o plane
jets +Erp [16, 18] (mop, my /2) plane
H/A,H* [19] (M4, tan B) plane




Global Fits

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

tanp
1-CL

PR | 1
00 100 200 300 400 500 600 700 800 9001000 0
M, [GeV/c’]

Low tan(p) and heavy Higgs mass~300 GeV

Best fit contours 1n tanf} vs M,
plane in the NUHM1 model,
[O. Buchmuller et al, arxiv:0907.5568]

<€

(pre-LHC results)
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(Global Fits: masterCode

F. Ronga at Workshop LHC results for TeV scale physics, CERN, August 2011

— 70~ L B B B B B B B
plane T E NUHMA B
o e
sof- |
wf ¢ ' —gost
E . --- Pre B
sof- : X
20 o
= ) S ~d
0 :_ B - ¥ Ty, =N
- ‘ E Sl “ v o
00100 200 300 400 ‘500 600 700 800 900 1001 % 200 400 600 600 1000 1200 1400 1600 1800 2000
) T T
e CMSSM and NUHMI still on the safe(ish) side
P~10%

® new |/fb LHC data significantly pushes the allowed mass scale up

e cffect visible on Ma and tanP as well

e low tanP no longer favoured!

28
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Global Fits & B, up

e |HC 2011 MET searches only

tan(p)

NUHMI
7° v
80 . Prelimipary
50
68% CL
0 95% CL

0 200 400 600 800 1000 1200 1400 1600 1800 2000
M, [GeV/c]
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Global Fits & B, up

® [HC 201 | MET searches and B; = pp

NUHMI

e B Bl Rl R Rl R Ry R-s =gy
Prelimi

68% CL
95% CL

0 200 400 600 800 1000 1200 1400 1600 1800 2000

M, [GeV/c]

Bs=2>puu upper limit pushes down tan()
(opposite direction wrt direct searches)
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No New Physics...



No New Physics...yet!



Projections for early 2012: LHCb

* Luminosity projections from present data-taking assume that LHCb
will collect between 1 fb-! by the end of the year

Bs—> pp exclusion I|m|t at 90% and 95% CL: projections from 2010 data

-— 100 ————————————————
T 1 » - - LHCb
proj. from 37 pb~— 1]

|
= ;2011 exq/us:on 7 e
i 5 = T7Te

L ECUI’VE @ ;95% Ct M 95 % C.L. excl.
+ (bkg"'SM hyp.) Il 90 % C.L. excl.

F 10 4-------- NS : -
S »

Sa)

Q ]_bj_\,l pI‘edlCthll _____ D T O e e

T T T T T T T T T T T T T
0.0 02 04 D6 08 10 12 14 16 18 20

Integrated luminosity [fb—! ]
For the winter conferences (assuming no changes in the analysis / data quality)

> LHCb might put a limit down to (6-7)x10~° @ 95%CL.....
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Projections for early 2012: LHCb

Luminosity projections from present data-taking assume that LHCb
will collect between 1 fb! by the end of the year.

I"LI-iCb""'
pl‘OJ fronl 37 pb 1]
f = 7TeV

L] 50’ observatlpn
1 30’ Gbservatlon

= SM prediction=

1 v i ¥ I ¥ ' v i ¥ I ¥ % T i ¥ ] v % ¥
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 20

Integrated luminosity [fb_1 ]

. or could claim a 3 sigma evidence if the BR is ~8 x10~ 34



Projections for CMS and LHCb
30 /56 observations

arXiv:1108.3018v1

& e T T =
e CMS alone
& [ 50 discovery
% 10—— —— [ 36 evidence E
9 ——]
BR~8x10 ===
[ SM predictio
0 1 2 3 4 0 5 10 15
L (fb™ L (fo™

Figure 18: Required luminosity in order to provide a 3o evidence (orange) or a 5o discovery
(green) of a given BR(Bs — p"p~) on the left for LHCDb and on the right for CMS.

a 3o evidence for BR= BR~8x10~ will require:
1 fb! for LHCb and 5 fb'! for CMS 35



Integrated Luminosity delivered to each LHC experiment

Delivered integrated luminosity (fb™")

(updated yesterday)

LHC 2011 RUN (3.5 TeV/beam)

L(CMS)/L(LHCb)~3.4

' —o— ATLAS 2.986 fb~" |]
3 —a— CMS 2.766 fb™' [
i —o— LHCb 0.807 fb™" |]
3 —o— ALICE 3.702 pb~'
‘ PRELIMINARY ‘

1 1 | 1 1 1

Mar Apr May Jun Jul Aug Sep
Month in 2011

(generated 2011-09-14 01:14 including fill 2104)
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Projections for early 2012:
CMS+LHCb combination: 3 sigma evidence

Standard model

t=——W—rrrrrt— Tt arXiv:1108.3018v1

0 5 10 15

Il',I'EPS
L=3xL(EPS) [~1 fb! for LHCb, ~3.3 fb"! for CMS]
Figure 19: Required luminosity in order to provide a 3o evidence (orange) or a 5o discovery

(green) of a given BR(Bs — p*p~) for LHCb and CMS combined. The luminosity is expressed
in terms of the luminosity used in [13], (0.34 fb~! for LHCDb and 1.14 fb~' for CMS).

LHCb-CMS combined could claim a 36 evidence if BR=(5-6)x10"
by 2012 winter conferences 37



B~ uu and 4% generation

Preliminary projections for 2012 winter conferences for exclusion limits @ 95% CL.:

BR(Bs=2>up)

1.26-08
tecs | PETTR 00 Gev
8e-00 |
6e-09
4609 b M {
26-09 S ]

Soni etal. '10 bt
1 08 06 04 02 0

B Sw

EPS 2011

LHCb-only @ moriond 2012

LHCb{4CMS @ moriond 2012
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Conclusions

Excess of Bs=2>uu events seen by CDF not confirmed.

LHCb with 300 pb-! has put the best world upper limit:

BR(Bs2>up) <1.5x 10 @ 95% CL
LHCb combined with CMS brings the limit down to:
BR(Bs>up) < 1.1x108 @ 95% CL
This limit has a direct impact on the global fits and
on 4" generation models.
The best has to come... Wait for Winter Conferences..
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Projections for early 2012: LHCb

* Luminosity projections from present data-taking assume that LHCb
will collect between 1 fb-! by the end of the year

a['_‘ 100 ; T : T T T : T T T T LHC'b IIIIII ;
=~ 12011 exclusion Proj. frfifnv37 pb—1]
— : : z=e-- - .
T curve @:95% CL Vs . 1
2 : ; Ml 95 % C.L. excl.
+ s(bkg+SM hyp.) Il 90 % C.L. excl.

= \ i

T L ety B o i o o o Do T Bt s Destes Mot S Ml St B S o -
0

1 T T T T T T T T T IV T T T T T T T
00 02 04 06 08 10 12 14 16 18 20

Integrated luminosity [fb—! ]

CAVEAT: Given the present accuracy on fd/fs (~8%) and BR(SM) predictions (~6%)

only if BR (NP) is larger than 1.3xBR(SM) (BR>4.2x10)
we can exclude SM-like rate at 3 © 28



LHCb trigger for B 42 pp

max 40 MH N
: | Mwnlins
2 h d
LO g : L.O Single- u: pr> 1.5 GeV/c
max 1 MHz l FLLLC Sqrt(pTlxpTZ)>1'3 GeV/e
HLT1s 5 HLT1 single-p: p>1.8 GeV/e
§ T IP>0.01 mm
|—
% 30kHz  Global reconstruction HILT?2 Several dimuon lines with Muu
Z ts and/or displaced vert
HLT2& % cuts and/or displaced vertex

+ Global Event Cuts for events with high multiplicity

3 kHz on tape

* 1/3 of the bandwidth (~0.8 kHz) given to the muon lines

* pp cuts on muon lines kept very low = g(trigger B ;=2 up) ~ 90%
* Trigger rather stable during the whole period




The LHCDb hunt for non-SM Higgs(es)

B 45 uu is the best way for LHCD to constrain the parameters of

the extended Higgs sector in MSSM, fully complementary to direct searches

G2a2 M3, f2 15 Am?2 Main SM diagrams |
~ qv Bg " Paq |V V* |2 1 — [ b m b u b W '
647!'3 Sin4 9 %% . tq M 123 MWV
? %y z z
2 2 W% WA AW q v
4dm 2my %/ q Ws:y/% W
M 2 1 — _I C2 + M Cp + (c — C, ) Z q AVANEAMMIN
B S By ~I A A '
{ q M gq q M B s u s u s )

Double suppressed decay: FCNC process and helicity suppressed:
—> very small in the Standard Model but very well predicted:

Bs—pp= (3.2+0.2)x10~ \ \ Ba—p = (1.010.1)x10-10\

Parameterization of the BR(Bs—=> pup) in terms of SM_quantities:

2 2
BR(Bs = p"p” )sm = 3.510 9 x —2—x X [Vis| X Ttop
‘ 1.6 ps \ 210 MeV 0.04 170 GeV/c”

The (dominant) error on f(Bs) has been replaced by the error on AMs 3




Normalization

* The signal PDFs can be translated into a number of expected
signal events by normalizing to a channel with known BR

BR — BRay x St o fe  Nopoune
— cal - By — +u—
SIgC ;Eg:L|REC€'SI;§1G|SEL fz0 N... ptp
Three different channels used:
1) BR(B*—=J/y(pn'p) K¥) = (5.98+0.22) 10 3.7% uncertainty

—> Similar trigger and PID. Tracking efficiency (+1 track) dominates the systematic
in the ratio of efficiencies. Needs fd/fs as input: 13% uncertainty

2) BRBs—J/y(n'n) o(K'’KY)) =(3.35£0.9) 10°  26% uncertainty
Similar trigger and PID. Tracking efficiency (+2 tracks) dominates the systematic

3) BR(B'—K™n) = (1.94+0.06) 105 3.1% uncertainty
Same topology in the final state. Different trigger dominate the syst. Needs fa/fs 22



Geometrical L}kelihood Bins

> )
. : - 0, 0.25 0.25, 0.5 0.5, 0.75 0.75, 1
B Exp. bkg. || 56.9%11 1.31+019 | 0.289+0076 |1 g7 +0.021
(=60, —40]  gyp sig. §0.0076+09934 | 0005099927 | 0003700015 ([, 0a7 00015
Observed 39 2 1 0
o Exp. bkg. |  56.171] 1.28+0-18 0.26970072 | 0.01575020
2 (1740, =201 g g [ 0.0220100084 | 0.0146+0.9966 | 0.0107+00036 | g.0138+00034
% _ Observed 55 2 0 0
\2'/' [—20, 0] o b-kg. 55-35.315 ) 241?) %);52 - +§.80§§3 . 01412 :):9
- g’éﬂéﬂi& 0.032;5001 > | o 025O 0012 1 0. 01830 F0.0063 | 0. 02350 o
:5 +1.1 +0.17 +0.066 +0. 017
% [0, 20] Ezp. :ikg- 0 053t: 1_ :51-015 0102;?’-32 oooi:(:::fg (‘)’:3 000(;.}3:;r
2 Obl;erviél . 60—0.015 . 0—0.010 B —0.0047 5 —0. 0044
g Exp. bkg. 53.671-1 1.181917 0.2351008% | 0.01255055
S| PO mxpsis o020t | 00146097 | 00107058 | 001380058
> Observed 53 2 0 0
L= Exp. bke. 52.871-0 1.15+016 0.22470:950 | 0.01175:054
40,60 pyp sig. [ 0.0076729%81 | 00050409025 | 0.0037+0-9013 | g,0p47 00013
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The models: 1.) CMSSM (or mSUGRA):

= Scenario characterized by

mo, m1/27 AO? tanﬂa Sign#’

mg : universal scalar mass parameter

myp universal gaugino mass parameter fat the GUT scale

Ap : universal trilinear coupling

/

tan 3 : ratio of Higgs vacuum expectation values

sign(p) : sign of supersymmetric Higgs parameter

= particle spectra from renormalization group running to weak scale




The models: 2.) NUHM1: (Non-universal Higgs mass model)

Assumption: no unification of scalar fermion and scalar Higgs parameter
at the GUT scale

= effectively M 4 or pu as free parameters at the EW scale

= besides the CMSSM parameters

My or p

Further extension: NUHM?2:
Assumption: no unification of the Higgs parameters at the GUT scale

= effectively M 4 and i as free parameters at the EW scale

= besides the CMSSM parameters

M4 and p




The models: 3.) VCMSSM: (Very Constrained MSSM)

= In addition to CMSSM: assume relation between Ag and mg:
Ag = mg + By

tan 3 fixed (e.g. via CDM constraint)
Free parameters: m, /2, Ao, Mo
Lightest SUSY particle (LSP) is the lightest neutralino

The models: 4.) mSUGRA: (Gravitino DM in mSUGRA)

= In addition to CMSSM: assume relation between Agp and mg:
Ao — my -|— BO

MSUGRA: mgravitino = mo = gravitino can be the LSP

Free parameters: my /21 Ap, mo
Lightest SUSY particle (LSP) is the gravitino



