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ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

» Inner Detector (ID) » Muon Spectrometer (MS)
(high granularity tracking detector) ~ Precision tracking chambers:
.~ Pixel Detector: point resolution of MDT, CSC ( ~40 um space resolution)
10 um (R-¢) and 110 um (z) ~ Fast trigger chambers:
.~ SCT — Si strip detector: point resolution RPC, TGC (~ 10 ns time resolution)

of 17 um (R-@) and 580 um (z)
~ TRT — transition radiation tracker: point

resolution of 130 pm ]
Precise measurements of muons (MS+ID) important for rare B decays!
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Motivation: b — sp™u* transitions

i

» b — s 'y transitions o.a HHTA Al etal, Phys. Rev. D61,
~ BR~10° | 074024 (2000) ] i
~ Channels of interest: SUSY 11 (C,>0, C;>0)

0 0%y 11— 0.2 I T
~ Bd - KU f‘ _
_B°, U 3 " ;/‘.ﬁ;“" h SUSY 11 (C,<0, G,>0) -
o N, - NP k"/
-0.2 |- \
~ B> K'u'u - . &
~ B Ky o.a [ | SUSYLEC,>0 s
» Studied distributions: _—

2

. . . 0 4 6
~ Di-muon invariant mass spectrum (s = MZW) s[GeV?]

 Forward-backward asymmetry (A_,):

1 0
I 0 I 0
fdc0s9d (s, cos )—deOSQd (5,cos0)
A (5)= " dsdcos@  *, dsdcos 0 B
FB T 1
deOSQdF(s,COSQ) y
. dsdcos 0

~ A_.(s) sensitive to extensions of the Standard Model
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Motivation: di-muonic B decays

g,

» Very rare decays BS(OI)0 TN b

» Suppressed at tree level

» SM predicted BR ~ (3.6 £ 0.3) x 10°
[ A. J. Buras, Prog. Theor. Phys. 122 (2009), 145 ]

» Branching ratio very sensitive to New <

Physics effects: S

~ MSSM: BR ~ tan°} (— BR~10°-10")
P Clear experimental signature

P Current best experimental measurements:
~ CDF: BR<4.3x10°@ 95% CL [ICHEP2010]
~DO: BR<5.1x10°@ 95% CL [ICHEP2010 ]
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ATLAS trigger system design
i

» Level 1 (LVL1)
~ Hardware based
~ Detect muon signatures using dedicated fast

tracking chambers
CALO IMUDM ||TRACKING - |dent|fy Regions of Interest (ROI)
________________ ~ Reduce input rate from maximum 40 MHz (bunch
= crossing rate) to 75 kHz

Trigger/DAQ System

PIPELINE

MEMORIES :
| Level 2 (LVL2)
| B _EJ B oeranoomizers,| - Software based
brvens mooy| = Confirm LVL1 signatures using precision

e detectors
Burrers (Roes), | .~ Extrapolate muon tracks to ID and refit inside Rol
B e e e “| . Output rate 2 kHz

» Event Filter (EF)

[
I
FULL-EVENT |
BUFFERS & |
[
I
|

i ~ Software based
_______________ I~ Refine LVL2 decision using offline-like algorithms
UAGE EIBRACE ~ Further selection possible using vertexing, decay
FOR OFFLINE ANALYSIS length, angular distributions
~ Output rate 200 Hz (~5-10% available for B
Physics)
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Di-muon signhatures considered

i

Selection not optimised for B ° — p*u searches
B AfLAS | Prelilminarly | | | | |
J- s =7TeV

» Di-muon (common vertex)
events

» Di-muon invariant mass
spectrum should include:
~ Heavy quarkonia (J/y, Y...)

decaying to pu-

. Data 2010: Opposite Sign

Data 2010: Same Sign

L dt =290 nb”

[Data, 7 TeV |

—
o
™

Di-muon Candidates / (0.10 GeV)

—_
o
%]

m,, [GeV]

P Events recorded if either one of the
following triggers fired:
_~ LVL1 muon trigger, no cut on min p_

~~ Minimum bias trigger
P Offline selection: p_(u,) > 2.5 GeV,

p(k,) > 4 GeV
P Corresponding to: L = 290 nb"’
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Di-muon signhatures considered

L

Selection not optimised for B ° — p*u searches
AfLAS | Prelilminarly | | | | |

L \s =7 TeV
J L dt =290 nb”

» Di-muon (common vertex)
events

» Di-muon invariant mass
spectrum should include:

~ Heavy quarkonia (J/y, Y...)
decaying to pu-
~ Very rare decays: B_* — p'u-

. Data 2010: Opposite Sign

Data 2010: Same Sign

[Data, 7 TeV|

—
o
™

Di-muon Candidates / (0.10 GeV)

-
o
N
1T

IIII|IIII|IIII
10 11 12

m,, [GeV]

P Events recorded if either one of the
following triggers fired:
_~ LVL1 muon trigger, no cut on min p_

~~ Minimum bias trigger
P Offline selection: p_(u,) > 2.5 GeV,

p(k,) > 4 GeV
P Corresponding to: L = 290 nb"’
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Di-muon signhatures considered

i

Selection not optimised for B ° — p*u searches
AfLAS | Prelilminarly | | | | |

L \s =7 TeV
J L dt =290 nb”

» Di-muon (common vertex)
events

» Di-muon invariant mass
spectrum should include:

~ Heavy quarkonia (J/y, Y...)
decaying to pu-

~ Very rare decays: B_* — p'u-

~ Semileptonic decays:
b—spp

. Data 2010: Opposite Sign

Data 2010: Same Sign

108 I Data, 7 TeV I

Di-mupn Candidates / (0.10 GeV)

Y ) I IIIIIIIII|IIII|III
6 7 8 9 10 11 12

m,, [GeV]

P Events recorded if either one of the
following triggers fired:
_~ LVL1 muon trigger, no cut on min p_

~~ Minimum bias trigger
P Offline selection: p_(u,) > 2.5 GeV,

p(k,) > 4 GeV
P Corresponding to: L = 290 nb"’
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Di-muon signhatures considered

P

Selection not optimised for B ° — pu searches
AfLAS | Prelilminarly | | | | |

» Di-muon (common vertex)
events

. Data 2010: Opposite Sign

. . . 1, -
» Di-muon invariant mass i jﬁiﬂb* S
spectrum should include:
~ Heavy quarkonia (J/y, Y...) 10° [Data, 7 Tev |

decaying to pu-
~ Very rare decays: B_* — p'u-
~ Semileptonic decays:

b— sy
» Continuum in di-muon mass

spectrum (Drell-Yan)
» Invariant mass range to

trigger: 0 < M(up) < 13 GeV

Di-mupn Candidates / (0.10 GeV)

m,, [GeV]

P Events recorded if either one of the
following triggers fired:
_~ LVL1 muon trigger, no cut on min p_

~~ Minimum bias trigger
P Offline selection: p_(u,) > 2.5 GeV,

p(k,) > 4 GeV
P Corresponding to: L = 290 nb"’
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Di-muon HLT trigger for rare B decays

» Single muon trigger
~ Seeded by 1 LVL1 muon
~ Confirm muon at LVL2
~ Search for the second muon inside a
large Rol around the LVL1 muon
~ Mass and vertex cuts at EF

» Di-muon trigger T ATLAS _"*léﬂ“"" nan
~ Seeded by two LVL1 muons < VYT TGV et
~ Confirm muons at LVL2 RN
~ Refit tracks inside small Rol 8 S §0<< S
~ Mass and vertex cuts at EF = e ot <<7/
» Single muon trigger feasible only at é . § /
low luminosity 10/ A
» Lowest muon p_ thresholds: 4 GeV, 6 GeV|—== / 7
» Higher luminosity will require increasing -7 Z ,
) ) / /
the p, threshold and/or using the di-muon / y 7o
trigger 1 Ve ) 4%
Data, 7 TeV| 10 10° 10°

Luminosity [10%cmr2s )
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Single muon trigger performance

.

» Performance determined by comparing the number of events passmg
a certain trigger w.r.t. offline muons (offline matching criteria

AR < 0.5) A
. . . oy . _ —(x—B)
> Efflc:lency at plateau determined after fitting with: 4o C
o) = I [T > R L B L B BN B 7
s Data, 7 TeV J g f D |
S o8- i 5o E
g o DS ? E " | Data, 7 TeV :
% ggé_ . ATLAS Preliminary _§ 0'6} E
g N 42 \s = 7TeV, Data 2010 é e . &:LTA; Crel:l)i;nt:;;ym B
s 0% ¢ |L1_MU4 : | |
2 SRR — ® Dat E - T .
3 02§ M?n?mum Bias MC 7 0.2~ L EF—MU6 Min. Bias MC ]
o0 Ell"'i -+ Single u MC E ub * Data .
00T 5052025 3035 o %5015 20 25 30 35 40

Muon SA P, [GeV] Py [GeV]
P Efficiency value at plateau is:

~ LVL1_MU4 (barrel): ~76% — from a max. of 82% (due to geometrical acceptance)
~ LVL1_MU4 (endcap): ~94% (~100% geometrical acceptance)
~ LVL2 _MUG6: ~97% — w.r.t. LVL1

~ EF_MUG6: ~99% — w.r.t. LVL2
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Di-muon trigger performance

.

» Determine single muon trigger efficiency using “tag and probe” method
using di-muon final states (e.g. J/{)

~ Select sample of J/p — p*u” candidates unbiased by trigger
~ “tag” muon — matched to an offline reconstructed muon
~ “probe” muon — check if muon fired trigger

~ Single muon efficiency map: Eul(pn, '71,<I51) \

& B — | Data, 7 TeV
» Di-muon efficiency S F [ pat g ——
determined from E 0gl (=M
single muon efficiencies: = | _ +—  |[L1.MUO
5 0.6

Suu(pTuu’ Ny (puu) -

£u1(pT1, r]1’ (p1) . auz(pT25 nza (pz) 0.4:— g ATLAS Preliminary

0.2 B \Js = 7TeV, Data 2010

_—lﬁl—‘ | | | | | | | | | | | | | | | |
% 2 4 6 8 10

Offline CB pT[GeV]
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Strategy for B_° — p*p-

» Perform search for the decays
» Interested in determining the branching ratio
~ Normalized to a well determined reference channel:
B" JI (W) K™

~ Systematic errors for signal and normalization channels

nearly cancel each other

NBS.aB+.eB+.fu.
Ny Qp &5 f,

~ Ngs (NB") — no. of events after selection

BR(B,—u )= BR(B = JIyK )-BR(JIpy—u i)

~ Ogs (0g") — geometric and kinematic acceptance

~ €gs (eg") — total efficiency

~ fy fs—b-quark fragmentation probabilities
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Reference channel

JIW — puHu-
» Events recorded with either one
of the following triggers:
~LVL1 muon trigger, no cut on
minimum p_
~ Minimum bias trigger
» Offline selection:

p.(1,) > 2.5 GeV,
p.(1,) > 4 GeV

B*— J/W K*
» Based on simulated data
P Selection cuts used for the

BS°_> WU selection not included

here
» Mass resolution: ~ 42 MeV
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Fit projection

Fit projection of background
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Backgrounds

i

» Exclusive decays of B mesons:

e.g.:
Decay channel

B° —» K*1T

B° — 1TTT
BSO — K

B’ — Kuv

_ Hadron misidentification (BS(d

0 - + 0 -t
)_,h1 h2,BS(d)_>huvu)

Branching ratio

(1.82 £ 0.08) x 105
(4.6 £ 0.4) x 10
<2.1x10* @ 90% CL
~1.32 x 10+

~ Four lepton decays (B - u'uly)

» Combinatorial background:
- bb — H+IJ._X

» Sources of prompt pp pairs (J/y, Drell-Yan)

» In flight decays and material interactions

15 Valentin Sipica, University of Siegen, HQ&L INFN-Frascati, October 15" 2010




Selection cuts (1)

» Preselection 5
~ Quality cuts on the pp vertex Z
10
» Transverse decay length - -
~ Distance between the primary vertex 10°F [T F .. “eld
and the decay vertex projected on | / T T
the p, of the B_° candidate . 10_3:_ bb — p*uX T |

:IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIII
0 06 1 16 2 25 3 35 4 45

Transverse decay length [mm)]

§ ;""'iMC,14TeVi""":
%10-1:—. ATLAS .
bb — p*uX]
» Pointing angle 1 ¢¢'Q“fff¢¢°"%¢¢¢¢1,;;Jc;,,&,/(;j .

» Between B ° flight direction and Rl A

. . S O ftl— /-..... [ i
direction of decay vertex as seen | [— RO I
from primary vertex ool e —HE R
~ 0<0.017 rad S S N AP AN B
0 0.1 0.2 0.3 0.4 0.5
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Selection cuts (2)

L

2 [MC 14Tev] -

i i 2 0.2
» Track isolation 3
_ pr(B,) T ATLAS
v [uu_ %015* B° - =
pr(B)+2 prlmack) e
: J . [ bb — puX| -+ ]
with track p_ > 1 GeV inside cone AR < 1 01 \u‘” L, e P
# Iy >09 AR=\(A¢)+(Anf | A+ T |
0.05~ .~ s
» Invariant mass S |
~ Window cut: Obemeieamscere =]
~ M(up) € [Mg_-70 MeV, Mg +140 MeV] 0 02 04 06 08 |' 1‘
~~ Asymmetric cuts chosenin g  prrrTETTTTTTITY 24800 T
order to minimize 5700 | 1 Sieoor ]
overlapping with B *mass . f o=T0:1MeV ] ya0qf o=12421Mev ]
.~ Mass resolution: : 12001 :
_ ~70 MeV (In | < 1.1) 20000 + N <L ook N> 11
B ~124 MeV (|ﬂu| S 11) 1500F |r]u2| <lI.1 BDD; |r]u2| >1.1
1000F 3 600F E
IM C 14T VI ool ATLAS 400F ATLAS
2 € [ ; ?_nn;— -
Nl g L ] Liaaliag T T AT ol | | | | ' e

04.5 48 5 52545658 6 6264

Inv.Mass(u 1) [GeV]
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Background rejection

L
Before cut selection After all cuts
f; EIIIHIIHHIHI_._;E;;[“E;
810°F ATLAS el
E B detZIOﬁ_1+Eﬂﬁﬁyx'
2By, ——
3 = = T
1k 10g e
e aasces [MC, 14 TeV | ik LMC, 14 TeV |
10 10k .
1 O -(i)- . || —a e .
) %ﬁ’ 107 - E
10 S e ]
s, § lrnlll RN SErara] [N RS P N SRR R .1['-3_"" T PRI T B
0% %5 5 55 6 65 7 45 5 55 6 6.5
Mass(u u) [GeV] Mass(u p) [GeV]

» Exclusive channels well suppressed in the B ° mass region
» Major contribution remaining from combinatorial background
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Efficiency & event yield

Selection cut BS°—> e bbo pu X
> 0.9 0.24 (2.6 £ 0.3) x 102
L >0.5mm 0.26 (1.4 £ 0.1) x10°
Y (1.0 £ 0.7) x 107
a <0.017 0.23 (8.5+£0.2)x10°3
M(p) 0.76 0.079
Total efficiency 0.04 0.24 x 10° (2.0+£1.4)x10°
Events (10 o) 5.7 14755

» Cut factorisation applied: €,,u=&; "€y €1 «

pu uu xy

» Low correlations between variables, except L, and a

» Expected events for 10 fb":
~ 9.7 signal
~ 14 background
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Summary

P

» Rare (semi-)muonic decays of B mesons may give an indirect evidence
of New Physics:

~b — s p*u transitions (forward-backward asymmetry),
~B_° — p*u” (branching ratio).

» Single muon trigger performance was determined from data, with
efficiencies at plateau:
~LVL1: ~76% (barrel), ~94% (endcap),
~LVL2: ~97%,
~EF: ~99%.

» Efficiency map &(p,) obtained using "tag and probe” for LVL1 single
muon trigger. This is used in determining the di-muon trigger efficiency.

» Expected number of events for 10 fb™' using the B ° — p*u™ analysis:

~ 5.7 (signal),
~14 (background).
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L

Back-up slides

y
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Event selection

i

U pairs (U, )
/ Kinematic cuts (p,,n)
preselection

M(u) € [4300 MeV, 7000 MeV]

M(u) = M__(J/) + 150 MeV

U vertex x2/ndf < 10,
B_° candidate l

M(Kup) € [4300 MeV, 7000 MeV],

Kup vertex x?/ndf < 10,
B* candidate

L >0.5mm
Xy -
selection
o <0.017 rad cuts

M(B,) = M,o(B,) 120 MV M(B*) = M

(B* 70 MeV

PDG -140 MeV
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Background rejection

| All events (Preselection cuts) | [-e-obopp
<107 —signal E:-:ru "
B0 o-0-0-0g 00000 - HTNE
s T, 2 =pl=kpy

10°

104

10°

107

10

1 _{J)_-(J)- _?_
10" —_—
10.2 IIIEIISIIIIIII

Mass(u 1) [GeV]

| Pointing angle < 0.017 | P
. (1]
51{]7 —signal Ei-b-u m
Em“ +55¢m
-]
-G-EE-:-Kuv
108 Cc
w4t 4
10°
102 0o
10 i
1
10" N_J
Lk
.3 B | I T FEATHST BT B P ol WA
10°735 65 7

Massiu p) [GeV)
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04
| Lxy>0.5mm | -
=107 —signal B:Z:-u "
=
2
= B=Kuv
10 o _-o
- . o
+ . +%
10 'fi-
10° b

102k

10 6.5
Mass(y p) [GeV]
| Isolation = 0.9 | by
g 107 — sional B:-h-l_[ 1
= " aﬁ.;m
10°
b d "G'EE,}KH\.I
10° -8
> R S
widt 4 4T Y
10°
Py
g
10
_{
1
1w J_H
ok
-Jrl l|.+| IILIIIIIIHIIIIIIII
| g et e R T Y T
Mass(u ) [GeV]

» Cuts shown
separately
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