OTKPbITUE W BO30OHA

[NoaroTtosun: HypkeHos A.A.



NMPEATOCBIZIKU

Passutne K3/ 1, kak cnepcTBme, NonbiTKa onmcaTb claboe B3anMogencTeme
yepes KasMbpoBoYHble 6030HBI

B 1968 roay Tpu Bennkux yuénbix: LengoH Mawoy, CtmueeH BanHbepr n
Abayc Canam — BblgBMHYAN 06bEAMHEHHYIO TEOPUIO 3/1eKTPOCaaboro
B3aMMOZLENCTBUSA C BBEAEHUAMM 3apsiKeHHbIX W-6030H0B (06BbACHAOWMX
beTta-pacnag) n HeuTpanbHoro Z-603oHa ¢ maccamm ~8o 1 ~g9o B
COOTBETCTBEHHO

1. WengoH Mswoy
2. Abayc Canam
3. CtuBeH BanHbepr

=

[y3bipbkoBas kKamepa «fapramenby»




NMPEANOXEHWE SKCMEPUMEHTA

B 1976 rogy 6611 npeanoxeH aKCNepMMeHT Mo 0bHapyKeHuto
BEKTOPHbIX 6030HOB Ha ocHoBe konnangepa SPS (Super Proton Synchrotron).
OCHOBHbIMW AEeUCTBYIOLWMMU INLLAMN KOTOPOTO CTau:

CuMoH BaH gep Meep (oTBeYaa 3@ YCKOPUTE/IbHYIO YaCTb, B YAaCTHOCTH,
cTOXacTn4yeckoe oxnaxaeHuve B AA)

Kapno Pyb6bua (oTBeTCcTBEHHbIM 33 AeTekTOpHYo YacTb UAL)

MNbep Aappuyna (npepctaButens getektopa UA2)




HTO NCKATbB?

Henb3a HenocpeaCcTBEHHO 3aperncTpmMpoBaThb BEKTOPHble HO30HBI,
3HAYUT, AEeTeKTMpPYeM MX NPOAYKTbI pacnaja:

Ana pernctpaumnm W-6030Ha 611 BbibpaH pacnaa:
W~ —>e” +antiv,
WH-et+v,,
rae E, = 40 B (cMOTpMM No nonepeyHoM KOMMNOHEHTE MMMNY/bCA P )

UV, — missing energy (Takxe =~ 40 [3B)




SUPER PROTON SYNCHROTRON

[a30pa3pasHbI MCTOYHUK MOHOB

P 26 —= 270 Gavic

P 26 —= 270Gev/c

SUPER PROTON
SYNCHROTRON

SP3

JInHenHbI yckopuTtens (40 50 M3B)

CnHxpoTpoH (a0 8oo M>B)

Pp’-CMHXPOTPOH PS (10 26 B)

p 26 Gev/c

MwuweHb (MeaHan)

Hakonutens p’

p 0 —= 26Gev/c

SPS (AO 270 raB) \ P Accumulator
P 350evic - P 35 —= 26Geay
J/5 = 540 3B
R=1.1 km,L=6.9 km w2
CBETUMOCTb:

103%cm~?¢ 7L (OKOJ10 50 000 a4 POHHbIX COBLITUIA B C.)



P> STOCHASTIC COOLING

transverse

MpuHumn paboTbl Ha NpuMepe 6eTaTPOHHbIX KONebaHUIM O4HOM YacTULbI: pick-up
YacTuua nmeeT Kakom-TO NoMNepeYHbI UMMY/IbC U (T.e. OTK/IOHEHME OT OCU MyYKa)

Pick-up cunTbiBaeT MMNYy/IbCHBIW CUIFHAA, NPOMOPLUOHAIbHBIM OTKNOHEHWMIO ‘ransverse
4aCTULLbI OT LLeHTpanbHOM opbuTbl (aMnanTysa beTaTpoHHOro konebaHms), npu amplifier kicker
KaXA,0M NPOXOXAEHUM YacTuLbl

CurHan NpoxoAuT Yepes ycuamTenb 1 nonagaet Ha kicker, KoTopbIv NMpon3BOAUT
KOPPEKTUPOBKY YacCTULbl ZONOJHUTE/IbHBIM MarHUTHBIM BO34EUCTBUEM

Ecnu paccTosiHme p-k cogep>XUT HEYETHOE YMCI0 YETBEPTU AJIMHbI BOJIHbI
6eTaTpOHHOro U3nyYeHns NpU NPaBUAbHO BbiIBpaHHOM KO3 PULMEHTE YCUEHUS, TO
BCE OTKJIOHeHUs ByayT CKOppPeKTUPOBaHbI




PP STOCHASTIC COOLING

NN NRRIRE AN TSR A
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a) /4 b)

Fig. 9. Loop-type and ferrite ring-type pick-ups (or kickers). Note that for loop-type kickers the

beam direction should be inverted.



UAI

Vacuum beam pipe

TpekoBbIM geTekTop (ApendoBasn Kamepa)

JNEeKTPOMArHUTHbIN KaIOPUMETP

En. res. for a 40GeV electronis £2.5%)
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CONSTRUCTION OF ENERGY VECTORS

e
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Momentum conservation — T E. =0
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Fig. 7. Principal diagram for constructing energy vectors and the missing energy of the event

GONDOLA

HADRON CALORIMETER

B E;

Ey

f

E HAD

T
|




OTBEOP W

TpurrepHom cuctemol 66110 oTobpaHo 0ko10 10° cobbITHiM, B KOTOPbIX BbINETAKOLME YACTULLbI UMeAM BoNbLIne
(>120 5B) umnynbcbl B nonepevyHoM HarnpasaeHUU

Bbiiv ocTaBaeHbl 140 000 CObbLITUN, COAEPXABLUMX INEKTPOH (OH UAEHTUPULMPOBAICA NO XapaKTepy JIMBHSA B
3/1eKTPOMArHMTHOM KaJIopUmeTpe)

Mpwu offline aHann3e BbIbpanu 28 000 cayyaeB, OTBEYABLUMX NOSBAEHUIO B 9/1IEKTPOMArHUTHOM KaJIOPUMETPE INBHS
cpl >a15M3B/c

OcTaBuaY 2125 COObITUI, B KOTOPbIX IMBHWU B 3/1IEKTPOMArHUTHOM KaJlOpPUMETPE IBASI/INCb MPOA0/IKEHNEM YETKOIO
OAMHOYHOIO Tpeka 3apsXXeHHOM YacTuLbl B LLleHTpa/ibHOM geTekTope c pT > 7 3B

3aTeM COBOKYMHOCTbIO TpeboBaHM Ha:
OrpaHunyeHne MakCMManbHOIO SHEProBblAeNeHns B agpoHHOM kanopumeTtpe < 800 MaB
OTcyTCTBME CTPYWN, MOAENNPYIOLLMX M30IMPOBAHHbBIN 3/1€KTPOH
OTCYyTCTBME HANIOXEHMI OT 3apPAXKEHHbIX TPEKOB U Tt OT CTPYM
OrpaHunyeHmne NONOXEHUS Tpeka BHYTpU 3/M KanopmumeTpa

[onyunnm 43 cobuiTus
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PacnpeseneHve He3aperncTpmpoBaHHOM
nonepeyYyHoM SHeprumn Ana cobbiTnii, B
KOTOpbIX HabtogaeTcst N30IMPOBAHHbIN
anekTpoH cpT > |5 GeV uoTcyTcTBYeT
KOMJIaHapHasa cTpys




OTBEOP W (2 CMOCOB)

Bo3Bpalaemcs Kk 2125 cobbITUAM

OcTaBnsieM AnwWb Te, B KOTOPbIX Habtoganncs bonbwme (10-40 BB/c)
HeJoOCTalowWwme nonepeyHble MMMy/bCbl, YHOCUMbIE HEPErnucTpupyembiMum
YyacTmuamm

[Noka3aHo Ha cneaytoleM cnange, rae otobpaxeHbl Bce cobbiTUS C
SHepPrusiMn, NpesblWaWwmMmMmn 40
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ES > 30 GeV
EY > 30 GeV

26 Events
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Fig. I19¢c. The enhanced electron-neutrino transverse mass distribution (see text). The two curves




FINAL RESULT

ObHapy>xeHo 6 cobbITUIN YA0BNETBOPSAIOLLUNX
ycnosuam otbopa pacnaga W-e+v

MNonyyeHa saKkCNeprMeHTaNbHas OLEHKa EVENTS/5 GeV/c?

maccbl W = 8o+ 5B 6 EVENTS

W th

+ 2 2 et
o8> fEE m, =40 GeV/c?
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AONONHUTE/IbHbBIE C./'IAI7I,£I,I:>I

cooling or
l heating rate

ECTb NpuKOAbI C TEM, YTO B peasie He OAHa YacTuua B
HaKonuTe e, @ HeCKO/IbKO 1 TaM MAET Hac/lanBaHMe YacTuL, Apyr
Ha apyra (heating). Y yacTuL, noaABASAOTCA paHAOMHble dasbl
APYr OTHOCUTENbHO Apyra

heating

BoT 3Ta BCA MCTOpUA NponopumoHanbHa KO3GhULNEHTY
ycuaeHus (gain) 1 MOXHO NoZobpaTb ONTUMa/IbHbIE YCA0BUSA
(cooling > heating)

l gain
optimum galin

Variation with system gain of the coherent cooling and incoherent heating effect
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The first pulse of 7¢10° 7 has been myected mto
the A4 wacuum chamber

Precooling has reduced the momentum spread

The first pulse has been moved to the stack
region

The second pulse 15 njected 2.4 s later

After precooling, the second pulse 15 added to
the stack

After 15 pulses the stack contans 10° p

After 1 hour a dense core 15 present in the stack

After 1 day the core contains enough 5 for
transfer to the SPS

The remaiming 7 are used to begin next day's
accumulation

Fig. 3. Schematic sequence illustrating antiproton cooling and accumulation in the AA.



Emittance

() beam ensemble:

2

x <_X~- |5’. Xe X+ X 3> = £
[

area
|

———» ¢ describes the beam quality

——» = +|3 describes the beam size



Stochastic Cooling

\_ Communication of individual particles
via:

direcr coulomb intaraction

residual gas ionisation

synchrotren radiation

image charges on the

vacuum chamber

Stochastic cooling is used in accelerators to control the emittance of the beams.

This process uses the electrical signals that the charged particles generate in
a feedback loop to reduce the tendency of individual particles to move away from the
other particles in the beam.

The technique was invented and applied for the SPS at CERN
by S. van der Meer was awarded the Nobel Prize in Physics in 1984.




Table 1

Central detector

Detector type

Drift chambers with drift space of 20 cm

Table 2

Electromagnetic calorimeters

Read-out

Three-dimensional read-out by continuous
digitization in drift directiom, and
charge division along the wires

Detector type

Lead-scintillator sandwich (25 rad
lengths) with BBQ read-out; drift tubes
for better space resolution in forward
direction

Number of space points per
track

110 (on an average)

Tilt of drift angle

about 25° (at nominal magnetic field)

Resolutions

g = 290 ym (in drift directiom)
g = 1T of wire length (along wire)
g = 6% for dE/dx

Mass resolution for Z" (FWHM)

I = 8 GeV/c? (at 792 efficiency)
I = 7 GeV/c? (at 65% efficiency)

Calibration and alignment

Straight tracks are generated by X-rays

Table 3

Hadron calorimeters

Read-out Amplifiers attached to low-gain PMs;
2 ADCs per PM separated by a factor of 30
in sensitivity

Resolutions

a) AnEular region
25° <@ < 155° ("gondolas")

b) Angular regions
5%, B < 25° and
155% < g < 175" (""bouchons')

c) Mass resolution for 2"
(FWHM)

g(E) = 0.15/VE + 0.01
g(x) = 4 co/vE (space resolution along @)
a(y) =16 cm/VE (space resoclution along )

o(E,) = D.lZn"-’Et

I' = 3.5 GeV

Calibrations
a) Mapping of calorimeters

b) Long-term stability of FMs

1) ®%co source
2) Betatrom

Laser calibration system. Monitors:
“lpm (imbedded in Nal) and vacuum diode;
light distribution by optical fibres

Detector type

Iron scintillator sandwich with BBQ read-
out

Table 4

Muon detector

Detector type

Largerarea drift-tube chambers

Resolution

g = 0.8/vE

Angular resolution

J = 1 mrad

Calibration

(Long-term stability of scintillators and

PMs.) Laser calibration system with
source monitors.

Trigger

a) Fast trigger to reduce rate at L =
= 10*" en™? s~! to less than 1 kHz

b) Microprocessor trigger (to select
stiff tracks aiming at vertex)




TABLE 4.1. Parameters of the magnet

HNominal field wvalue B
Transverse analyzing power k= Bﬂlz
Longitudinal analyzing power K =B I°

Inside magnetic volume, dimensions:
{i} Transverse 2nt
(ii) Longitudinal 2L
Total current in each half ceil i

Coil material

Thickness of conductor a
Total space for coil a'
Current density in almminium I

Total mass of conductor

Total dissipated power

Total thickness of iron (magnetic) f
Width of return yoke (instrumented) f'
Weight of iron (magnetic) H
Overall external dimensions:

(i) Length

(ii} Height

Dimensions of windows at 90°
{om external irem surface)

Dimension of forward openings
in the coil

0.70 T
1 T
-~ 6.0 T
3.4 m
7 m
1.03 10° a
Aluminium
13.0 cm
20 cm
4.81 Af/mm®
- 25 Tons
5.88 MW
80 cm
96 cm
~ 830 Tons
7.40 m
5.72 m
9% .9
$= .70 m

(%)



TABLE 2.1. W and W Decay Channels, partial cross sections and expected

events for SLdt = 1035 cm_z.

. Channel Branching ratie Cross-section Mumber of events
(cm?) for fdt=10%%em™

W u*, 1/8 2.9 10734 290

W ety 1/8 2.9 107" 290

W ud 3/8 8.7 107%" 870

1

i _

W cs 1/8 8.7 107" . 870

i - C o A

W - FTY 1/8 2.9 107" 290

i

W e 1/8 2.9 107%¢ 290 |

| - - i

W+ ud 3/8 8.7 107°" 870 i

W+ c§ 3/8 8.7 107" 870 ‘
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0O » ete 5% g. 107%° 80

We - v v 5% g, 107%° 80
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IR T Ty 57 8. 107%5 80
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N ¥ o 80

]'r,;r“’ + qq 801 13 10" 1300
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GONDOLA HADRON CALORIMETER a)
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FRACTION OF ENERGY DEPOSITED

Fig. 9. a) Schema of an elementary solid-angle cell. After four segments of lead/scintillator
sandwich, there are two elements of iron/scintillator sandwich, which is also the magnetic field

return loop. b) Energy depositions for high-energy pions and electrons. The nature of the particle
can be discriminated looking at the transition curve.
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