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Outline

B physics in ATLAS and CMS
ATLAS and CMS detectors
B2>uu
B->Xuu
Conclusion
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B physics in ATLAS and CMS

e ATLAS and CMS Fermilab SSC
— p-p collision at Vs = 14TeV O
e o(bb) =500 ub
- B4By4: BB : BB, : b-barions = 4:4:1:1 L
— 10° bb pairs/s @ L=103%3 cm—s! 1 mb |-

e “B-factory” as well as “New -
particle-factory” -

- Detector design is dedicated high-p;  §'"°r &

physics e T }%

- Majority of B-events is low-p; s T 5

particles e P

« Trigger and analysis are a [ &
challenge

1pb —

- B-decays to p's are promising
e Strategy on B-physics in ATLAS and
CMS

— CP violation (Low luminosity run) /s Tev
- B, oscillation (Low luminosity run)
— Rare B decay (Even in High lumi.)

(B2up, B2K*up, Ap>App)
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B>ty and b->sli

— Sensitive to new physics

e« SUSY, Higgs etc.
— FCNC transition
e Forbidden at tree diagram

Rare B decays

Br(B>up)

B — pp

By — pp

SM

3.5x10°

0.9x10-10

CDF (780 pb™)

1.0x10-" 95%CL

3.0x10-7 95%CL

D@ (700 pb)

2.0x10°7 95%CL

11.1x10-7 95%CL

Belle 78 fb!

1.6x10-790% CL

BaBar 111 fb!

0.6x10°790% CL

- SM: Br(b->sll) ~ 106 ~ 107

Br(By=>K*up) measurements

042 +0.10 x 10°6
018 +0.16 x 106
- |V| and |V 4| determination
- Wilson coefficient C-, Cg, Cg

Belle

: 1.33
Babar : 0.86

&
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A
A
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LHC
« 27Km ring, proton-proton collider, Vs=14TeV

e 4 experiments in LHC
LHCb dedicated B-physics
ALICE dedicated heavy ion
Two general purpose detectors: CMS and ATLAS

P

e Operation plan T
- End of 2007: | - =
900 GeV !
commissioning run

- After summer 2008: & =
14TeV, Low luminosity run R
(L = 1033cm2s1)

......

- Design:
14TeV, High luminosity run S
(L = 10%4cm2s1)
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Detectors

Muon Detectors Electromagnetic Calorimeters

Solenoid \ Forward Calorimeters

B 1! \ /
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Compact Muon Solenoid

Total weight : 12500 T
Overall diameter : 15.0 m
Overall length :21.5m
Magnetic Field : 4 Tesla
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Hadronic Calorimeters Countries, 155 Institutes, 2000 scientists (including about 400 students) ~ October 2006
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Inner Detectors

To reconstruct vertex of B decays
Used in HLT, better 1D of B events
- Impact parameter significance

Pixel, SCT, TRT in 2 T solenoid field

Diameter 2.4m

Length 5.4m

Volume 24.4m?

Running temperature 2100
Dry atmosphere for 10 years

II Silicon strip detector

I ‘ Pixel detector

Pixel, Silicon tracker in 4 T solenoid field
CKM2006 at Naagova



Impact Parameter Resolution

Impact parameter Mup Mass Resolution
S {u: 5.375£0.001 GeV \
ey | 2 o 0.036£0.001 Gev MC
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% Muon detectors

For trigger and offline selection to get pure rare B-decay samples

ATLAS:

e RPC (barrel) and TGC (endcap)
for LVL1 trigger

e« CSC and MDT for precise
tracking in 0.5 T toroid field

Em | Drift Tubes n=0.8 T=1.0
« i s RPC v
; ¢

-
el f’
o I I — ||
o
o
r -7
,

n=1.2

n=2.1

'___..--"..'r '|'|=1‘.I.|
= M NE

—

TGC 2 —~
Sl I TGC 3
RPC 3 :
low\p high p,
T
RPC 2 TGC 1
| MDT 7 [ |M v
T T
RPC 1
TGC EI IOW p
N
| 77wt | | |
/ // ]\ \l / ,/
Tile Calorlmeter TGC FI
/ /fl Y | _
/ / T ’[-I high p_
0 5 10 15 m

1200
Z (cm)

* RPC (barrel) for LVL1 trigger
e« CSC and DT for precise tracking
In 2 T solenoid field
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Muon detectors

~T=agje===" Cosmic ray run with real muon detectorsI
ATLAZ Atlantis 2006-08-14 23:39:39 CEST Event: JiveXML_1002_00050 Run: 1002 Event:

ET scale = 10 Ce¥ : Missing ET = O Ce¥
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? ATLAS/CMS Trigger System

For rare B-decays, di-muon trigger is used

Interaction rate
~1 GHz [ CALO MUON TRACKING
Bunch crossing 40MHz
rate 40 MHz Pipeline Detectors
LEVEL 1 memories -
TRIGGER Digitizers
<75(100) kHz Hardwar o
LV1 Front end pipelines
<25 us Derandomizers ‘ : ~100kHz
: Readout drivers =
_néegions ol INTEres ; - —
Regions of Interest {REBs) l —*
4 LEVEL 2 % Readout buffers Readout buffers
|
~1-2 kHz out | switchi twork
I: ~10 ms Event builder = i s R
L
EVENT FILTER Full-event buffers Processor farms
~100 Hz out processor sub-farms sec
1 ~150Hz
\_ Region of Interest (Rol ):

Data recording HLT reconstruct b-decays
using partial reconstruction
in Rol around L1 muon

Makoto Tomoto (Nagova University) CKM2006 at Naaova



? di-muon trigger

ATLAS LVLI: CMS L\* ™

100

1
41000
i

Not mretrmalized
B>yt ——
B> Ku*w

1
1800
:

iriggar effickenay (%)
=

600

400

200

ld

Ic] 10

0

600C i

2000 4000
Online di-p mass, (MeV)

CMS HLT:
ATLAS LVL2: Primary vertex reconstruction
confirm each m Rol from LVL1 - use three most probable vertices

Regional track reconstruction

Mass cut - partial reconstruction with < 6hits
B2>uu : 4 GeV < M(up)< 6 GeV _Pt>4 GeV

ATLAS EF: Track pairs

Refit ID tracks in Level-2 Rol - mass windows for signal

Decay vertex reconstruction - (un)like sign charge

Transverse Decay length cut: Vertex fit

L,, >200um - v2 <20 & Decay flight length > 150um



CMS offline analysis : B> uu

Decay flight length significance l.,/0y

> transverse plane: [,,/0,, > 18

Muon separation in no:

AR(pp) = v (Mg — ?}“2]9 + (Ppy — fl'li'#gjg
> 0.3 < AR(pup) < 1.2

Isolation of muon pair

pJ_[Bs:'
Pi(Bs) + 2 4 lPL

tracks in cone with r= /1> + ¢* < 1.0
and p; > 0.9GeV

I =

> I > 0.85 i, B
COSa
Secondary vertex

- Pointing angle: cos(a) > 0.995

> vertex fit v < 1

eveniE hn

events’bin

007 0075 008 0035 000 0005 1
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z

e
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¢ I\/Imm = MBS+14O—7O MeV
e isolation: no charged tracks with p; > 0.8 GeV in
cone 0 <15 degrees

e vertex fit with pointing to primary vertex
constraint

e transverse decay length L,,/s(L,,) > 11

II\I|\II\"|I\II‘|.|I\I|\II|""\I|'|I
0 25 50 73 100 125 150
Transverse decay length significance

Exected signal v.s. inclusive bb->puuX bkg
BO, signal | BG (bb->puuX) A

pr>6 GeV, AR <0.9 |50 events | 6.0 X 10° events | — Siona
M ,cut 0.77 2 X102 1
Isolation cut 0.36 5x1072 w0t |
L,,/o>11, 2<15 0.4 <0.7x104 o L
All cuts 7 20+20 -

1 \I\|\|-|I_J_J_\I_\|\I_\|-|\I\

20 4qQ 60 80 100
Vertex fit Chi2
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Projected upper limits : B,.2>pupu

7 signals and 20 backgrounds can expect upper limit on Br(B,~>uu)

N(n,nbg)

2 GBS L agtotal

e Single experiment expects to reach
the sensitivity of SM prediction

Br(Bf — /f,u_)ﬁ

3 years of data taking : L=30fb"!

- Tevatron projection

BR(B;—p"w)
S)

10°f- Still factor of 10 abovée

SM Prediction

10
(fb™)

10°

1
Integrated Luminosity

BR(B—uu)x10)

10

ATLAS/CMS expectation

56 sensitivity
3o sensitivity
—  BG only, 90%CL

\\\\\\\\\\\\ :

[ | | | ‘ L 1 | | ‘ [ | | 1 | |

o

10 20 30
Integrated Luminosity, fio”

Both ATLAS and CMS has proven to
continue measurement of B, puu at
nominal LHC luminosity 1034

This will mean 100 fb-! just in one year.




% Specific background study : B.>pup

— Much high branching ratio
compared to Br(B,~>up)=10-°

Generator level study

Taking into account

1. n/K->u fake rate ~ 0.1-0.5%

2. soft v phase space ~ 10%

Needs further study with

full simulation

Number of events

BG process Br Effective Br in
B> ignal
region
. —10- £ .10-
BO— 7 -y v, |<10* ) [(~5-108
B*— pu- 2y, <5 106 |<5 ‘108
B.— U ev, <104 <108
BO, —ut - ¥ ~2 108 |~ 10-10
By— Km B,—KK |2 10> |[<10°
0
c
S |
> |
(O]
‘8047
o |

Nu

l-ake events from

B~ utv,

B*-2>uulv




B->Xuu

BR used Signature after trigger | Models used in MC or to confront
in the + offline reconstruction | experimental sensitivities.
MC 30 fb!
Signal Bkg
1.3 x10°¢ | B;—=K%up 2500 <50000 | Melikhov, Nikitin, Simula, PRD57,98;
3.5 x10-7 | B*—= K* uu | Br.fraction | 1500 <10000 | Melikhov, Stech, PRD62, 2000
1.0 x10® | Bi—= ¢ pp | pp-mass 900 <10000 | WC: SM Buras, Munz, PRD52, 95;
A MSSM Cho, Misiak,Wyller, PRD54,96.
2.0 x10° | A — App 800 <4000 | NP: Chen, Geng, PRD64,2001
Aliev NPB649,2003
M. Bigliett et al. ATLAS statistical error<5%
Ay mass (ATLAS Coll.)
2 o0 4 Nucl. Phys B 156 Forward-Backward Asymmetry

N ~02 - -

: (2006) S experimetal points <Agg>
000 —T < LM simulated events with SN
2500k B 0 L 7 simulated events with

: o= 21.5 MeV 3t | positive MSSM C-,eff
20001 n Tt '

g Forward-backward  f,

00 Asymmetry (Ag)

1000? w 0.2

S00E . B /2 A g T !
D55 5500 55‘50 2600 2650 5700 53?? 28005850 % -

Mass (MeV) Yo



Conclusion

ATLAS and CMS sensitivity to rare B-decay is expected to
reach the level of SM prediction after 3 years of data
taking

— b—>pus and B> up promising for new physics

- We will directly and indirectly be able to search for new
physics at the same place and time

At LHC nominal luminosity 1034cm-2s-1, ATLAS and CMS can
make a measurement of B_.->uu branching ratio just after
one year.

More study using full simulation/reconstruction is under way

The installation and commissioning of the detectors are iIn
good progress

Everyone is waiting for the data taking ...
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Rare B-decays
FCNC transition i ot B->sll
—>Forbidden at tree level J
Br(b—>sll) ~ 106 ~ 107
Br(B->uu) ~ 10 ~ 10-°
Indirect search for new physics

=

.

L

D“" p——

=1

HH
5
STAVAVAV W,
L s
AT AT AT LT,
| 1

SUSY, Higgs etc Br(By,>K*up)
For b>sup transitions Belle -1.33 +8 §$+0 10 x 10-6
|Vl and |Vy| determination Babar : 086 972 +0.16 x 10-6
Wilson coefficient C, Cg, Cyq abar. L.65 058 =110 X
5 Bs2pu,
” \ tanp=50 > W wt b 4 u
E NN T ——————— ———— W .
o 1 \ 10_8 S ‘4 woo| Y [V f1 h Mo
" — ” > Y
-
B.~>
tT: w B, — uu By — uu
< 109 SM 3.5x10° 0.9x10°10
DA
o) B QN CDF (780 pb-1) | 1.0x10"7 95%CL | 3.0x10-7 95%CL
d
D@ (700 pb-1) | 2.0x107 95%CL | 11.1x10-7 95%CL
150 E'ﬂ {ZGEBVJ 300350 [aelle 78 fo-1 - 1.6x10°7 90% CL
H L
Bobeth et. al., PRD66 074021 (2002) BaBar 111 fb-1 | - 0.6x10°" 90% CL
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