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Selekcja przypadków w eksperymencie CMS

G.Wrochna

• Gdzie szuka È Nowej Fizyki?
—femtobarny i teraelektronowolty

• Wymagane cechy akceleratora i detektorów
—nanosekundy i mikrony

• System zbierania danych i tryger CMS
—GIPSy, TIPSy i petabajty

• Problemy projektowania i planowania
—d�ugie lata ...
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MUON BARREL

CALORIMETERS
 

Micro Strip Gas Chambers (MSGC)
Silicon Microstrips
Pixels 

HCAL  Plastic scintillator 
copper 

sandwich

ECAL  Scintillating PbWO4 

Crystals 

 Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

Drift Tube 
Chambers (DT) 

Resistive Plate 
Chambers (RPC)

strips
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Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

SUPERCONDUCTING 
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if M
H
 is in the range 80 – 140 GeV.  

The high performance PbWO
4
 crystal 

electromagnetic calorimeter in CMS 
has been optimized for this search.  
The γγ  mass resolution at  Mγγ ~ 100 
GeV is better than 1%, resulting in a 
S/B of ≈1/20 
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In the M
H
 range 130 - 700 GeV the most 

promising channel is H0 → ZZ*→ 2,+  2,–
 

or H0 → ZZ → 2,+  2,– . The detection 
relies on the excellent performance of the
muon chambers, the tracker and the 
electromagnetic calorimeter.  
For  M

H
 ≤ 170 GeV a mass resolution of 

~1 GeV should be achieved with the 
combination of the 4 Tesla magnetic field
and the high resolution of the crystal 
calorimeter
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For the highest M
H
, in the range 

0.5 - 1 TeV, the promising channels 
for one year at high luminosity are 
H0 → ZZ → ,+ ,–  νν,  
H0 → ZZ → ,+ ,–  jj and 
H0 → W+ W- → ,±  ν jj .  
Detection relies on leptons, jets and 
missing transverse energy (E

t
miss), for 

which the hadronic calorimeter 
(HCAL) performance is very 
important
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The decay B0 or B0 → J/ψ K0
S

 

presents a very clean experimental 
signature. The particle content (B0

 

or B0 meson) that gave the decay 
can be determined from a muon 
from the second b-flavored hadron 
in the event. An asymmetry in the 
two rates (B0 vs B0) would signal 
CP violation. This would be the first 
time that CP violation is observed 
outside the neutral kaon system
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In the MSSM there are 5 Higgs 
bosons: h0, H0, A0 and H± decaying 
through a variety of decay modes to
γ, e±, µ±, τ± and jets in final states.   
Below left: an example of a SUSY 
Higgs decay to τ τ  in CMS. On the 
right is the reconstructed ττ  mass 
spectrum

H → ττ  → e + τ
jet

("3-prong")
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The search for the various 
MSSM Higgs bosons in 
different decay modes allows 
the exploration of most of the 
parameter region (tanβ,m

A
)

A0 = 0, tanβ = 30, µ > 0
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Example of the domain of 
parameter space of 
mSUGRA-MSSM where the 
h0 can be discovered
via its decay in  bb

 

Higgs bosons in MSSM

→A,H,h    µµ

LEP II
s= 192 GeV

mtop = 175 GeV, mSUSY = 1 TeV
5 σ  significance contours
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Inclusive   ,+,–+ Emiss  final states t

m0 = 200 GeV, m1/2 = 160 GeV,
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mSUGRA parameters

Production of sparticles may reveal 
itself though some spectacular 
kinematical spectra, with a 
pronounced "edge" in the  ,+, –  mass 
spectrum reflecting χ

2
0 → ,+, – χ

1
o

 

production and decay.   
An example of such a spectrum in 
inclusive ,+, – + E

t
miss  and of a 3 ,±

  

production event are shown below

SUSY event with 
3 leptons + 2 Jets signature
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particle mass (GeV)
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σ inelastic

bb
–

tt
–

W

W→lν
Z

Z→l+l-

ZSM→3γ

gg→HSM

qq
–
→qq

–
HSM

HSM→ZZ(*)→4l

HSM→γγ
h→γγ

tanβ=2-50
ZARL→l+l-

Zη→l+l-scalar LQ

SUSY q
~
q
~
+q

~
g
~
+g

~
g
~

tanβ=2, µ=mg
~=mq

~

tanβ=2, µ=mg
~=mq

~/2



:�FL�JX����ODW�SUDF\�/+&�]DMG]LH������]GHU]H��SS�

=DREVHUZRZDQLH����³HJ]RW\F]Q\FK´�SU]\SDGNyZ�PR*H�
VWDQRZLü�HSRNRZH�RGNU\FLH�³QRZHM�IL]\NL´�

1DOH*\�MHGQDN�XPLHü�RGV]XNDü�RZH����SU]\SDGNyZ�

Z�UyG�ZV]\VWNLFK������

6]XNDQLH�LJá\�Z�VWRJX�VLDQD"

• W\SRZD�LJáD�²���PP�

• W\SRZ\�VWyJ�VLDQD�²����P�

LJáD���VWyJ� ���������

3RV]XNLZDQLH�³QRZHM�IL]\NL´�Z�/+&�
WR�V]XNDQLH�LJá\�Z�PLOLRQLH�VWRJyZ�VLDQD�

6HOHNFMD�SU]\SDGNyZ
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5R]ZL�]DQLH�PR*OLZH�MH�OL�]DM
WR�ü�GHWHNWRUD�a��

 →�SRZLHU]FKQLD�PLNURSDVND�a�PP�

 →�!����NDQDáyZ�RGF]\WX

5R]ZL�]DQLH�áDPLJáyZNL



GHWHNWRU O��NDQDáyZ ]DM
WR�ü SU]\SDGHN

PR]DLNRZ\ ���������� ������ ����N%

PLNURSDVNRZ\ ���������� ��� ����N%

wczesnych kaskad ������� ���� ���N%

NDORU\PHWU\ ������� ��� ���N%

PLRQRZ\ ��������� ����� ���N%

FDáNRZLWD�ZLHONR�ü�SU]\SDGNX ��0%

LHC CMS
ATLAS

/LF]ED�NDQDáyZ

&
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V
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ü
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SPS
Lear

HERA

LEP

107

106

105

104

103

102

108107106105104103

40 MHz

10 MHz
CDF

UA1/2 250 KHz

330 KHz

45 KHz

109

&06�D�LQQH�HNVSHU\PHQW\

6WUXPLH��GDQ\FK�NRQWUROQ\FK�&06��WHPSHUDWXUD�
QDSL
FLH� LWS��� MHVW� SRUyZQ\ZDOQ\� ]H� VWUXPLHQLHP
ZV]\VWNLFK� GDQ\FK� MHGQHJR� ]H� ZVSyáF]HVQ\FK
HNVSHU\PHQWyZ�/(3������N%�V�



&06�WR�WDNôH�GHWHNWRU�FL�ôNLFK�MRQoZ

(ODVW\F]QRx� WU\JHUD L V\VWHPX ]ELHUDQLD GDQ\FK &06
SR]ZDOD QD UHMHVWUDFM� ]GHU]H� FL�ôNLFK MRQoZ�

'XôR ZL�NV]D QLô Z SU]\SDGNX SS ]DM�WRx� GHWHNWRUD
MHVW NRPSHQVRZDQD SU]H] PQLHMV]� F]�VWRx� ]GHU]H��

5HGXNFMD RQ�OLQH OLF]E\ SU]\SDGNoZ L REM�WRxFL GDQ\FK
]DSHZQLD SRGREQ� MDN GOD SS ZLHONRx� SU]\SDGNX
�a� 0%� L F]�VWRx� ]DSLVX �a��� SU]\SDGNoZ�V��
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1RZRF]HVQH�V\VWHP\�SDPL
FL�PDVRZHM�SR]ZDODM��
]DSLV\ZDü�a����0%�V�

6SR�UyG�a����SU]\SDGNyZ�]DREVHUZRZDQ\FK�Z�FL�JX�
ND*GHM�VHNXQG\�MHG\QLH�����PR*H�E\ü�]DSLVDQ\FK�

:\ERUX�GRNRQXMH�V\VWHP�Z\]ZDODQLD�]ZDQ\�WU\JHUHP�

75<*(5�MHVW�WR�GZXZDUWR�FLRZD�IXQNFMD

• ]DUHMHVWURZDQ\FK�GDQ\FK
• VWDQX�GHWHNWRUD
• EDGDQHM�IL]\NL

3RQLHZD*�QLH�ZV]\VWNLH�GDQH�V��QDW\FKPLDVW�GRVW
SQH

D�IXQNFMD�MHVW�VNRPSOLNRZDQD��7�. ��MHVW�REOLF]DQH

Z�NROHMQ\FK�SU]\EOL*HQLDFK�]ZDQ\FK�

VWRSQLDPL�WU\JHUD

'R�RGU]XFHQLD�SU]\SDGNX�Z\VWDUF]\�RJUDQLF]RQD�
GRNáDGQR�ü��GR�QDVW
SQHJR�VWRSQLD�SU]HFKRG]��ZL
F�
W\ONR�SU]\SDGNL�]�GHF\]M���]DSLVDü��

RGU]XFLü�

]DSLVDüT( )

6\VWHP�Z\]ZDODQLD��WU\JHU�



10-2

100

102

104

106

108

10-8 10-6 10-4 10-2 100

25 ns ≈ µs ms sec

LEVEL 1 Trigger 40 MHz 
Hardwired processors  (ASIC, FPGA)

 MASSIVE PARALLEL 
Pipelined Logic Systems

HIGH LEVEL TRIGGERS 100 kHz
Standard processor FARMs

10-4

≈ 1 
µs

≈ 0.01 - 1 sec

6HOHNFMD�SU]\SDGNyZ

3LHUZV]\�VWRSLH��²����0+]
VSHFMDOLVW\F]QH�SURFHVRU\��$6,&�)3*$�

UyZQROHJáH�SU]HWZDU]DQLH�SRWRNRZH
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����N+]

IDUPD�VWDQGDUGRZ\FK
SURFHVRUyZ
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F]
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G*HW\
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:��=

WRS

+LJJV

F]DV�SU]HWZDU]DQLD�>V@

3DPL
ü�PDVRZD�²�����+]

/LF]ED� SURFHVRUyZ� Z� IDUPLH� &06� MHVW� SRUyZQ\ZDOQD
] OLF]E�� ZV]\VWNLFK� VWDFML� URERF]\FK� L� NRPSXWHUyZ
RVRELVW\FK�Z�&(51LH�Z������URNX��a������



7U\JHU�PXVL�]DQDOL]RZDü�GDQH�]�ND*GHJR�]GHU]HQLD�

• FR���QV�PXVL�]DSD�ü�GHF\]MD�F]\�MH�]DSLVDü

-HM�Z\SUDFRZDQLH�Z\PDJD�MHGQDN�GáX*V]HJR�F]DVX�

5R]ZL�]DQLH�SUREOHPX�

SU]HWZDU]DQLH�SRWRNRZH��F]\OL�³WD�PD�SURGXNF\MQD´�

• DOJRU\WP�SRG]LHORQ\�MHVW�QD�NURNL�Z\NRQ\ZDOQH�Z���QV�

• SURFHVRU�VWDQRZL�áD�FXFK�HOHPHQWyZ��
]�NWyU\FK�ND*G\�Z\NRQXMH�MHGHQ�NURN�DOJRU\WPX�Z���QV�
L�SU]HND]XMH�Z\QLN�QDVW
SQHPX�

• Z�WHQ�VSRVyE�SU]HWZDU]DQH�GDQH�Sá\Q��SU]H]�SURFHVRU�
a�µV��D�Z\QLNL�SRMDZLDM��VL
�QD�MHJR�Z\M�FLX�FR���QV�

• SHáQH�GDQH�F]HNDM��QD�GHF\]M
�WU\JHUD��
Sá\Q�F�V\QFKURQLF]QLH�Z�SDPL
FL�SRWRNRZHM�

3U]HWZDU]DQLH�SRWRNRZH

25 nsprocesor potokowy

pami 
ü potokowa bufor

synchroniczny przep áyw danych asynchr.

czas przetwarzania ≈ 3µs
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16 Million channels

Charge  Time Pattern

MHz 
LLISION RATE

100 kHz 
EL-1 TRIGGER

1 Megabyte EVENT

200 Gigabyte BUF
500 Readout memori e

3 Gigacell buffers

0 Gigabit/s 

5 TeraIPS

Gigabit/s 
SERVICE LAN

Petabyte  ARCHIVE

Energy Tracks

100 Hz
TERED EVENT

EVENT BUILDER.  A large
switching network (512+512 ports) w
throughput of approximately 500 Gbit
the interconnection between the sour
(Readout Dual Port Memory) and the
destinations (switch to Farm Interface
Event Manager collects the status an
request of event filters and distributes
building commands (read/clear) to RD

EVENT FILTER.  It consists 
of high performance commercial proc
organized into many farms convenien
on-line and off-line applications.  The 
architecture is such that a single CPU
processes one event

DYSTRYBUTOR

1 Terabit/s 
A CHANNELS)

3U]HSá\Z�GDQ\FK�Z�&06
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��0%�SU]\SDGHN

����*%�EXIRUyZ
Z�����PRGXáDFK

����ZHM�ü
����Z\M�ü

�����SURFHVRUyZ
R�PRF\����*,36

 ���7,36

QS��G]LHQQLH
�����NDVHW�'/7
SR����*%�ND*GD

��*,36� �����LQVWUXNFML�V

��7,36� ������LQVWUXNFML�V

SDPL
ü�PDVRZD

HQHUJLD �ODG áDGXQHN� F]DV NV]WDáW



'\VWUXEXWRU�
WR��JyUND�UR]U]�GRZD��V\VWHPX�]ELHUDQLD�GDQ\FK�

-HJR�]DGDQLHP�MHVW�]HEUDQLH�GDQ\FK�GRW\F]�F\FK�
GDQHJR�SU]\SDGNX�]H�ZV]\VWNLFK�F]
�FL�GHWHNWRUD�
L�SU]HVáDQLH�LFK�GR�RNUH�ORQHJR�SURFHVRUD�

'\VWU\EXWRU

PRGXá\�RGF]\WX�Uy*Q\FK�F]
�FL�GHWHNWRUD

IDUPD�SURFHVRUyZ

SU]HSXVWRZR�ü�

����*LJDELW�V

MHVW�UyZQRZD*QD�LOR�FL�GDQ\FK�SU]HV\áDQ\FK�SU]H]�FDá��
G]LVLHMV]��WHOHNRPXQLNDFM
�HXURSHMVN��



104 105 106
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el-1 
e (Hz)

Event Size (byte

LHCB

ATLAS
CMS

ALICECDF

HERA-B
KLOE

H1
ZEUS

(1 MHz)
High No. Channe
High Bandwidth
 ( 500 Gbit/s)

High Data
Archive
(PetaByte)

NA49

(ZROXFMD�V\VWHPyZ�]ELHUDQLD�GDQ\FK

UR]PLDU�SU]\SDGNX�>EDMW@

F]
VWR�ü
WU\JHUD�
>+]@

F]
VWR�ü
WU\JHUD�
��0+]

OLF]ED�NDQDáyZ
SU]HSXVWRZR�ü�
����*ELW�V

LOR�ü�
GDQ\FK
SHWDEDMW\

,OR�ü� GDQ\FK� SU]HSá\ZDM�F\FK� SU]H]� V\VWHP� RGF]\WX
&06� Z� FL�JX� �� PLQXW� SUDF\� /+&� MHVW� SRUyZQ\ZDOQD
] FDáR�FL�� GDQ\FK� SU]HVáDQ\FK� SU]H]� ZV]\VWNLH� VLHFL
Z &(51LH�Z�FL�JX�FDáHJR������URNX�



Year 92 95 98     01 04  07
0.001

0.01

0.1

1

10

100

Gbit

Year 92 95 98 01 04  07

0.5

1

10

Ggate

0.1

µm

DISK

DRAM

SRAM

Technology

Gate/Chip

MEMORIES CPU POWER

Year 92 95 98 01 04  07
10

100

1000

10000

MIPS

RISC

0.5

0.35

0.25

0.18

0.12

TECHNOLOGY

SPS
70'

SPSC
80'

LEP
90'

DESY
90'

TEV
00'

LHC
04'

0.1

1

10

100

1000

10000

100000

DATA ACQUISITION

DAQ MIPS

Rates Mbyte/s

MByte/s
MIPS

0RF�REOLF]HQLRZD�SURFHVRUyZ�Z]UDVWD����UD]\�FR���ODW

3RMHPQR�ü�SDPL
FL�Z]UDVWD���UD]\�FR���ODWD

&DáD�PRF�REOLF]HQLRZD�&(51X�Z������URNX�E\áD�
PQLHMV]D�QL*�MHGQHJR�ZVSyáF]HVQHJR�NRPSXWHUD�
RVRELVWHJR�

5R]ZyM�WHFKQRORJLL



6NDOD�SU]HGVL
Z]L
FLD�Z\PDJD�DE\�SURMHNW�WHFKQLF]Q\�
E\á�JRWRZ\�QD���ODW�SU]HG�XUXFKRPLHQLHP�
HNVSHU\PHQWX�

$E\� XU]�G]HQLH� QLH� E\áR� SU]HVWDU]DáH� MX*� Z� PRPHQFLH
RGGDQLD� GR� X*\WNX�� Z� F]DVLH� SURMHNWRZDQLD� QDOH*\
SU]HZLG]LHü�L�XZ]JO
GQLü�PR*OLZ\�UR]ZyM�WHFKQRORJLL�

&Dá\�V\VWHP�Z\]ZDODQLD�L�]ELHUDQLD�GDQ\FK�&06�]DZLHUD
SRQDG��������PRGXáyZ�HOHNWURQLF]Q\FK�

-H*HOL�PRGXá�SVXáE\�VL
��UHGQLR�UD]�QD���ODWD��FRG]LHQQLH
QDOH*DáRE\�Z\PLHQLDü����PRGXáyZ�

+DUPRQRJUDP�SUDF

�� �� �� �� �� �� �� �� �� �� ��

SURMHNW�WHFKQLF]Q\

RFHQD�GRVW
SQ\FK�WHFKQRORJLL

Z\EyU�WHFKQRORJLL�
L�ILQDOQD�VSHF\ILNDFMD

SURGXNFMD�L�WHVW\

WHVW\�SURWRW\SyZ

LQVWDODFMD
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3UÕED RGNU\FLD u1RZHM )L]\NLv Z\PDJD
VLÌJQLÌFLD GR EDUG]R Z\VRNLFK HQHUJLL �� 7H9

L SRV]XNLZDQLD QLH]Z\NOH U]DGNLFK ]MDZLVN σaIE
3R��F]HQLH W\FK GZÕFK Z\PDJDÓ VWDQRZL Z\]ZDQLH
GOD QDMQRZRF]H�QLHMV]\FK WHFKQRORJLL
LQIRUPDW\F]Q\FK L WHOHNRPXQLNDF\MQ\FK�

Z\VRND HQHUJLD�

• GX¡D OLF]ED SURGXNRZDQ\FK F]�VWHN a����SU]\SDGHN

• SUHF\]\MQ\ SRPLDU
Z V]HURNLP ]DNUHVLH G\QDPLF]Q\P a���µ���P

SRV]XNLZDQLH U]DGNLFK ]MDZLVN�

• ROEU]\PLD F]ÌVWR�È RGG]LD�\ZDÓ a� *+]

• QDN�DGDQLH VLÌ RGG]LD�\ZDÓ �����

• PD�\ VWRVXQHN V\JQD�X GR W�D ����
��

� ����
��

Z\QLNDM�FH ] SRZ\�V]HJR Z\PDJDQLD WHFKQRORJLF]QH�

• VWHURZDQLH SU]HS�\ZHP ROEU]\PLHM LOR�FL GDQ\FK
��� *ELWV�V

• DQDOL]D SU]\SDGNÕZ Z F]DVLH U]HF]\ZLVW\P

VHOHNFMD �����

• JLJDQW\F]QD PRF REOLF]HQLRZD � 7,36

• VXSHU�SRMHPQD SDPLÌÈ PDVRZD � 3%�URN

6SHåQLHQLH W\FK Z\PDJD� SU]H] GHWHNWRU\ &06 L $7/$6

SR]ZDOD ô\ZL� QDG]LHM� QD RGNU\FLH �&]HJRx 1RZHJR� Z /+&

3RGVXPRZDQLH



-HôHOL SRFL�JD FL�

—IL]\ND SU]\ QDMZ\¡V]\FK HQHUJLDFK
—GRVWÌS GR QDM�ZLH¡V]\FK GDQ\FK
—ZVSÕ�SUDFD ] QDMZLÌNV]\P ODERUDWRULXP �ZLDWD &(51

]JåRx VL� GR QDV�

*U]HJRU] :URFKQD

ZURFKQD#IXZ�HGX�SO

KWWS���FPVGRF�FHUQ�FK�aZURFKQD�

SRNRM ��� Z SDZLORQLH ,3-� WHO� ���

2TQYCF\KO[

—WU]HFL� SUDFRZQLÌ
—SUDFRZQLÌ SU]HGPDJLVWHUVN�
—SUDFH PDJLVWHUVNLH
—GRNWRUDW\

Y \CMY \CMTTGUGUKKGG

—IL]\ND &06
—V\PXODFMD GHWHNWRUD &06
—RSURJUDPRZDQLH V\PXODF\MQH L UHNRQVWUXNF\MQH &06

44C\GOC\GO

—]QDMG]LHP\ KLJJVD
—]�DPLHP\ &3 Z VHNWRU]H E
—VSUDZG]LP\ VXSHUV\PHWULÌ
—Z\WZRU]\P\ SOD]PÌ NZDUNRZR�JOXRQRZ�
—RGNU\MHP\ 1RZ� )L]\NÌ �

5HNODPD


