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cTopuyecknt 0630p 1 coBpeMeHHoe
COCTOsIHUE NPOOeEMBbI
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[Tonckn HoBon pr3nKn

DU3KKN CUNTAIOT, YTO, C BbICOKOWN BEPOATHOCTLIO,
CtaHpgapTHaga Mogenb aBnsieTca YacTbio bonee obLlen
Teopumn, n Yto «Hosaga pusmka» (B3ammogencTeus, He
onucbiBaemMmblie CM), OOMKHbI MPOABUTLCS NPU 3HEPTUSAX,
3Ha4YnUTENbHO HMXe [NnaHKOBCKUX.

[Tonckn HoBon pusnkmn B naboparopusix:

- [NpsAMble: ULEM HOBbIE YacTuLbl HA bonbLLOM aApOHHOM
Konnavaepe

- KocBeHHble: nwem nposisneHnsa Hoeson onsnkm B
KBaAHTOBbIX NeTnax — (g-2) MooHa
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MarHUTHbIN MOMEHT B KJ1acCu4yecKowu
aneKkTpoanHamMmKe

MarHuTHbIN MOMEHT TECHO CBSI3aH C yrnoBbiMm MOMEHTOM CUCTEMBbI

® Take a charged object A
rotating around an axis
IA >
/_[,. —
av . 2
I =——"A=nmr
2nr r
= U= —qur
: charged body rotating
e But, using angular - around an axis of
momentum, svinmeltry
lrnage from L Welcy-Rieger
L = mur

=77 = fnf

=i




JloraweHko N.B. OKcnepuMeHTanbHbIn cemuHap NAD

MarHMTHbIN MOMEHT U CMUH

KBaHTOBas MexaHuKa rnpeackasblBaeT, YTO Yy YacTULbl €CTb BHYTPEHHUN
YrIIO0BON MOMEHT — «CMUH», @ 3HA4YUT, U BHYTPEHHNN MArHUTHbLIA MOMEHT.

e

® |n QM, particles (such as
electrons) have a spin,
which is really just
angular momentum

spin
charge

® A spin-1/2 particle (like
electron) should have

angular momentum of

h HenpasusnbHo!
S — §
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OnbIT WUTepHa-lepnaxa

® Beam of silver atoms passes | tebeamoite I,,,,._(,,,,

) atoms of silver
through inhomogeneous Th s
magnetic field hotogrophic]
late
e Result was atoms deflected S
either up or down l mem

The furnace The special shaped
with silver magnets

® |ater understood to be
due to 2 spin states of
the valence electron

The Stern-Gerlach experiment On the photographic plate are two clear tracks.

Gerlach and Stern,

Z.Phys. 8, 110 (1922)
® But, the magnitude of

magnetic moment was

wrong! e
8 ﬁ = g%_s) g = gyromagnetic ratio

MarHUTHbIN MOMEHT OTNMYaeTCA OT KflacCU4YecKkoro B g pas

/'

[MpOMarHMTHOE OTHOLUEHNEe
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KpaTkasa ncropums

- YneHbek n lNoygcmut (1925): noctynupoBanu Hannyme
cnvHa n g=2

- J1. Tomac (1925) — g=2 n3-3a penaTMBUCTCKMUX 3(PIEKTOB
- ['. Anpak (1928) — penatnBmncTckaa Teopus afieKTpoHa

- 1947. NamepeHnsa cBepXTOHKON CTPYKTYpbl BOAOPOAA U
Oentepus nokasanu, 4to g, > 2

- Tpnymdp K34 x.LsnHrep (1948), P.®denHmaH (1949)

Jo—2 « e’
~ —, =—=1/137
2 2m a=n =
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AHOManNnbHbIK MArHATHbIA MOMEHT

- The magnetic moment of the particle relates to its spin angular

momentum via the gyromagnetic factor, g:
e -

- — _S
Us me

- In Dirac theory, point-like, spin ¥z particle has g = 2 exactly

- Experimental values: ~ 2002 "
~ . point-like

gﬂ ~ 2.002 C particles

7

g,~ 9.086 1 compound
Jd, = —3.826 , particles

AHOManbHbIN MAarHUTHbIU MOMEHT:. a = (g — 2)/2

a~ 1073
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(g-2) anekTpoHa

OKcnepuMeHTanbHbIn cemuHap NAD

The best precision is achieved for electrons (g-2). The value of a,, is
used to get the best determination of fine-structure constant «.

D. Hanneke, S. Fogwell, G. Gabrielse,

ae = (115965218 073-

Phys.Rev.Lett.100:120801,2008

-28) x 10714 (0.24 ppb)

trap cavity

quartz spacer

nickel rings <
0.5cm]

bottom endcap
electrode

microwave inlet

electron top endcap
electrode

compensation
electrode

ring electrode

compensation
electrode

field emission
point
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(g-2) MHOOHA KaK MHCTPYMEHT noucka
HOBbIX B3aMOOENCTBUN 3

Concerning the Radiative Correction to the
u-Meson Magnetic Moment

V. B. BERESTETSKII, O. N. KROKHIN M v
AND
A. K. KHLEBNIKOV First Order QED Higher Order
(Submitted to JETP editor January 7, 1956 ) Vertex Correction Loop Correction
J. Exptl. Theoret. Phys, (U.S.S.R.) 30, 788-789
(April, 1956)

(g-2) mtooHa B 40,000 pa3 6onee 4yBCTBUTENEH K B3AUMOAENCTBUSIM 3a
pamkamu CtaHgapTHOW modenu, Yem (g-2) anekTpoHa

_ aQED n aHad Weak New Physics

u = po Ty Ty

1,000,000 : 60 : 1.3 oc(mﬂ/mxj2

a

Bbiro 6.l euwe nHTepecHee UCnoJib3oBaTb Tay-J1IEMNTOHbLI, HO UX O4YEHb CJ10KHO
nponmn3sBoanTb N OHU CITNLLKOM 6bICTpO pacnagaroTcA...
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MIOOH — YHUKaNbHbIN
11abopaTopHbIN OObEKT

* m, =207 xm, - g
*  (m/m.)>=44,000 - a typical new-physics sensitivity factor
W
» Interacts through its electric charge and magnetic
moment, and its weak charged and neutral currents
(but not the strong force)

+ A pu*can form a hydrogen-like p*e- (QED) atom
« A canform a hydrogen-like pA atom

« Its ~ 2.2 ps lifetime is long enough to form beams and Proton
long(ish) lived atoms, yet short enough for precision
decay measurements

+ PV in the weak interaction implies it is born polarized
and its decay is self analyzing

}
* Its “muon-ness” is conserved to a very high (perfect?) “+—) et V.V

degree u



Assert: muonium: p*e- is the “perfect atom”

LAMPF Hyperfine splitting experiment determine:i:/ Needed for g-2
Magnetic moment ratio: p /u, = 3.183 345 24(37) (120 ppb)

Best determination of muon mass 105.6583715 £0.0000035 MeV
This atom has no structure

[FT
[ ._'_,.-i: g —
- __.-:_':'_.-"’

N - <18

IR e +
F i, 1 ey ] -v

Ll P,

o ”

S
I
o e V4

Energy /[ 4¥,,.. ]

TEome Rl
* TR Muonium (M)
* \]‘":"*-b;
* r-u::;::“
.........
Nasmetic Frekd[ 1]

Starting now: Next-generation Museum Experiment at J-PARC
-2 Xx10 improvement goal !
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[lepBoe nsmepexue g,

1957: Garwin, Lederman, Weinrich at Nevis (Just after
Yang and Lee parity violation paper - confirmation)
I Direct measurement of g -- asym vs field

, 85 MEV
PION"BE AM

.4 | T T

CARBON ABSORBER —
TO STOP PIONS

GATE-INITIATING
COUNTERS (4"X4")

TIVE To ZERO APPLIED ELD
. 5 =
4 W
+ + /
—8

M
g%“_*
||

i E . )
r__"_“_"' MAGNETIZING 1 _ |
& j CURRENT T_ 1 | | L I
" "
| -60 —40 20 o +.20 +40 +.60
g ] 4‘ “‘H«Lmaao“ TARGET AMPERES - PRECESSION FIELD CURRENT
3 3 ]

“MAGNETIC SHIELD gf-l' — 2.00 :I: 0.]_0 muons behuve

5% uncertainty like electrons

1960: g, = 2 (1.00122 + 0.00008) — 10% To4HOCTb AN a,,
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Ot NOKOALLNXCA MIOOHOB K BVXXYLLINMCHA

- Store polarized muons in the uniform
magnetic field B

- Momentum rotates with cyclotron
frequency:
w, = eB/ymc

- Spin rotates with Larmor+Thomas
frequency:

ws = geB/2mc + (1 —y)eB/ymc
- Spin precesses relative to momentum Wy
with frequency w,: }#

W, = wWg — W, = ageB/mc

Micnonb3oBaHne ABWKYLLMXCA MIOOHOB MO3BOSAET M3MEPATh NPAMO a,,!
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CERN-1 (1958-1962)

Such experiments continued at Nevis
and CERN until 1965

Best measurement CERN | (1965)
a, = 0.001162(5) (£4300 ppm)

Just like the electron!
Sensitive to 2nd order QED

The first CERN g-2 team: Sens, Charpak, Muller,
Farley, Zichichi (CERN/1959)




JloraweHko N.B. OKcnepuMeHTanbHbIn cemuHap NAD

pr = 1.27 GeV/c
B—1.7T

Mt

v
" L
1Al %
1 A R
= NN NI |
g {l M 1)
" |'I K i
Jdth
1

1y

Electrons go
inward to detectors

g

a, = 0.001166 16(31), £270 ppm 130 ps of wiggles

Sensitive to 3rd order QED and light-by-light scattering

Lyon - Muon g-2 - UMN - 2016-04 27



JNoraweHko U.B.

JkcnepumeHTanbHbI cemuHap NAD

Magic y (CERN-III)

Anomalous magnetic moment is independent of y. The larger y, the longer
muon lifetime, the more g-2 circles observed — good! But there is a problem:
particles are not stored in the uniform magnetic field.

Solution: introduce gradient with electric field to build a trap.
£ __° d g a\ 1 'g £ 5 X +
m| “ “ >\

=0 =0

Ymagic = 29.3 Contribution from

potential EDM
Pmagic — 3.09 GeV/c (more later)

Magic y completely determines the size of the CERN-type
experiment.
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CERN-IIl (1969-1976)

Muon lifetime dilates to 64 ps (!

Bl
\Qﬁ
\
r:\\
o
Mumber of events /032 LLEEC

[ 16-59usec
[ I0® | . E9-02

: _ 102148

A R P T

Lo jpgozaz

L 23R.2TH
J LT e e L ETs-Ee

S e G s e
k| III'III' -.Il'u 4 v .,1""| I"..n.', o N Iln.l. 1"'-; I"'“.. .I-'|-'II I‘I-'u

L L W I 3 - I”-.". :.- TR s e .|".'-.. o ! AR .405

b S 'w' e F-'q.-l |l""'., J."'t, ||I4" o . II:'. i I'n...' AR _AGR
lI"II .:'I. ; i f | f‘ll i il iy W IIlII |.Ill|ll“ Il'll " I"l l..I|l hlll

" Pty [RTRTL T LN ! _
"o "' ||||' IhlllI IH" I"n 'I\I\I |*"I|'|"II|| jII AR - 49|
T | | P 4% - 534

IS Pl 20 40 a0 ar
Time 0 mMicToseconds

vy > 500 ps

Titanium_glectrodes

a,, = 0.001 165 924(8.5), +£7 ppm
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Layout of BNL experiment (1997-2001)

\ E821 beam line and muon storage ring
\\ V -line FEB transport
N
Ey 24 GeV Protons
y ,
k@ 6 x 10" protons / spill V - target station
'\f@/ . .
‘_ \ V1 beam line T, | selection slits
— \
P
TN
e 3 GeV u Decay Channel
\ 14 meter diameter superferric muon storage ring
~10* u stored
i H

10 matars

asP = 116592 089(63) x 10~ (0.54 ppm)

0.46 ppm statistics, 0.28 ppm systematic
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On a theoretical side...

MHTEepecHo He caMo 3Ha4YeHMe aHOManbHOro MOMEHTa MIOOHA, a ero
oTnn4me ot npeackasaHma CtangapTHOM moaenu

Aa,(New Physics) = a,(exp) — a,(SM)

Bbluncnenve a, B CtaHgapTHON MoZenu:

_ QED Had Weak New Physics
aﬂ_aﬂ +aﬂ +aﬂ +aﬂ
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AneKTpoMarHMUTHbIN BKIa,

£ (@) s (@) e (@) () s e

[ops ok Cr c CP - (afm), x10H
1 05 0.5 116 140 973.2420(260)
2 —0.32847844400 0.765 857 423(16) 413 217.6270(90) aHanUTN4YeCcKn
3 1181231017 24.050 509 82(28) 30141.9022(4)
4 —1.9113(18) 130.8734(60) 380.9900(170)
5 9.16(58) 751.92(93) 5.0845(63) HACNEHHO

Tabauna 1 — Briaipl pasinunoro nopsiika Teopuu sosmyiennii s a¥t?

e

a?"P = 116 584 718.859 (.026)(.009)(.017)(.006) [.034] x 107",

a

a mu/me

\ \

0.29 ppb
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Cnabbin BkNnaa

(5 10 5— {1 — 4sin? Oy )2
1972 e - Y20 ( V- L O (z)) = 194.81(1) x 10711
1992 KUkhtO, T. V., Kuraev, E. A-, HL-I.::I W e (_42 + 5) w 1[}—11

Silagadze, Z. K. and Schiller, A.
20% opgHoneTneBoro Bknaga!

CerogHsi: al! W = (—41.20 £ 0.22 £ 0.72) x 107",

a,(EW) = (153.6 £ 1.0) x 107" 9 ppb
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Bknaa rpaBUTaLMOHHbLIX
B3aMMOOENCTBUN

- 30.01.2018: arXiv:1801.10246 Post-Newtonian effects of Dirac particle in
curved spacetime - Il : the muon g-2 in the Earth's gravity

Aa,(gravity) up to 3 ppm!
- 17:00 AN.MunbwtenH -> N.b.JloraweHko: “UHTepecHo...”

- 18:00 WN.b.JloraweHko -> g-2 collaboration: “UHTepecHo, HO aBTOpPLI
owmnodnmnce Ha 3 nopsaka, He ydnu manoctb E”

- 09:00 31.01.2018: nucbmo ot g-2 collaboration aBTopam ¢ 06bACHEHNEM UX
OLLINOKMN

- 02.02.2018 arXiv:1802.00651 M.Visser: «BbluncrieHme doyHgameHTanbHo
HenpaBuIibHO, TaK Kak 3aBUCUT OT BENUYUHbI NOTEHLKMaNay

- 12.02.2018 arXiv:1802.04025 H. Nikolic: nogpobHoe o6bAcCHeHMe OLNOKN B
BbIYNCITIEHUN

[paBUTAUMOHHBIN 3QMEKT NpeHebpexxmMmMo marn
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The lowest-order hadronic contribution

The hadronic contribution is The diagram to be evaluated:

calculated by integrating experimental
cross-section g(ete™ - hadrons).

Weighting function ~1/s, therefore had.

lower energies contribute the most. pQCD not useful. Use the dispersion

Starting from \/s~2 GeV the pQCD relation and the optical theorem.
estimation of o(ete™ = hadrons) is

used. At lower energies only the 'w.mz fﬁlmw.w

experimental data are used. had.
Many sources of data:

* Novosibirsk: CMD-2 and SND
(VEPP-2M), CMD-3 and SND a . had
(VEPP-2000)

« Factories: Babar, KLOE m, - i
actories: Babar, qPad,LO _ _“f ds —K(s)onad(s)

K o 3
. BES L2m
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R(s) = o(e*te™ - hadrons)/o(ete™ -» utu™)

Davier-Hoecker-Zhang, RMP 78 (2006) 1043

6 — —
T I LI '? T i‘; T I | I B B [ L B B | '|' LI B | | IJ: T I T r LI | '| L [ B B |' LU B B |
| W !
J i e'e — hadrons E " vm‘ -
51 ;‘| § Warra .
L | E = QCD i
4 = | E i E 'J i
- 1 -! |
F i
c 3 4 : A e
slon : .
r ¢ ll. g ol ]
2= 8w —
r i B .
r oo L N Y
V ,.'.' .:: y 1.1' W use QCD O BES ® Crystal Ball -
I - " = exclusiva data = T2 & PLUTO
/I. L l_ll.-.l I I s B I‘ 11 | L1 J Lo i1 I L1 11 I Lr 1.1 J L1 |. L1 I.__
1]
0.5 1 1.5 2 25 3 35 4 4.5 5
Js (GeV)
E L LI 'y LI B o I I I LI | 1 I I L | ‘ I L) I I 1 LI | LI B R | LI R
18 25 11

---'-'-E-‘
TSI FFFFFIEE

2r @'e — hadrons 4 PLUTO « MD1 -
N Qch A LENA # JADE

e ® Crystal Ball o MARKJ ]

0 C 1 1 11 | L1 1 1 | 1 1 | 1 I 1 11 1 I | I - I 11 11 J 1 L1 1 | 1 1 1 | | I — ]
5 G T a8 -] 10 11 12 13 14

Js (GeV)

o [1%-1.8GeV]
- sum about 22->37 exclusive
channels
- estimate unmeasured channels
using isospin relations

« [1.8-3.7] GeV

- good agreement between
data and pQCD calculation;
previous extensive QCD tests
with t data
— use 4-loop pQCD

- J/y, w(2s): Breit-Wigner
integrals

« [3.7-5] GeV

charm particle thresholds

— use data

+ >5G6eV
use 4-loop pQCD calculation
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Kak «Habupaetca» nHrerparn

had,LO VP
1

B obnactu sHeprun oo 2 3B
Habupaetcsa ~90% Bcero
NHTEerpana n npakTu4eckun BcH
HETOYHOCTb

- * -
ISOSPIN
KOK? °°°P

K+ K—. ‘
ata— 7970

PRELIMINARY
Bknaa pasnuyHbIX KOHEYHbIX
COCTOSHUN B HETOYHOCTb
nHTerpana

ntn—ntn
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Bknaabl pasnnyHbIX KOHEYHbIX COCTOAHUN

nrtw 0.88 £ 0.10
KtK~ 22.09 £+ 0.46
K2K? 13.32+0.16
wm? 0.76 + 0.03
Ttm~ 505.65 £ 3.09
22w~ 13.50 £ 0.44
3rt3m~ 0.11 £ 0.01
ata— Y 47.38 £ 0.99
7t 270 18.62 £ 1.15
0y 4544 0.14
0y 0.69 £ 0.02
2wt 2m~ 0.02 £+ 0.00
nw 0.38 & 0.06
no 0.33 £ 0.03
¢(— unaccounted) 0.04 £ 0.04

KK
KK27
KK3r

w(— ™KK
2727~ (non)
7t 37" (non)

w(— 7Vy)27
27277 27% (no )
mtr~ 4" (non)
w(— 7y)37
nrtr~ (data)
nw (data)
n¢ (data)
N2t 27~ (data)
nrta=2m0

2.77T£0.15
3.31 £ 0.58
0.08 £ 0.04
0.01 £ 0.00

1.20 £0.10
0.60 4+ 0.05
0.11 £ 0.02
1.80 £0.24
0.28 & 0.28
0.22 +0.04
0.98 +0.24
0.42 4 0.07
0.46 +0.03
0.11 £ 0.02
0.11 £ 0.06
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[ oe namepserca R

6 I T T T T 17 T T 1 T 7 T 1 Illlllllll Illll::llllllll T T T T

e e — hadrons

5 -
g QCD i
“ " ﬁlﬂﬁ
r 3 -
2 , —
- i T | ’ .
1 = VEFﬁP-ZI-M ‘ O BES m Crystal Ball -
N == exclusive data M2 4 PLUTO :

0 | | L 1s 1~ ‘ I\\F_I_T‘I' | I | | I I | | I | | | I I | | A | | I I | | | I
0.5 1 1.5 2 25 3 3.5 4 4.5 5

Vs (GeV)
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3amMepeHna agpoHHbIX ce4eHnn Ha
BAlir-2m

2 % CMD2|F|" 118
o — ; : : : ® CMD2r*wrr 65
103 e T | Luatt : . i 4 CMD2 - 96
= : : PR : ¢ CMD2 n*wnn® 19
~ CMD2 K*K™ 21
9 : : : ¥ CMD2K'K' 21
10° e : AR ' 5 CMD2 K°K" 66
— : sy - ' : 1 CMD2ry 84
L : ‘ i [1 CMD2r’y—3y 51
10 i 5 R K POV T et A CMD2nn'm 6
= : : ) ¥ * CMD2r’e 19
= v SND|F|"45
[ SND '’ 48
e B O TR - . O - T SURRRY ). -~ 1.V PeTand -
1 =1 0
— @ SND '’z 35
[ SND K'K 62
1071 &= bt bt b S e f R s ¢ SNDK°K- 66
= A SNDwy 95
— Y% SND =% 44
i ], . O SND=’ny 45

0.4 1.2

\'s, GeV
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/I3MepeHna agpoOHHbIX CEYEHNN B
aKkcnepumeHTe BaBar metogom
pagnauMoHHOro Bo3Bpara

Cross sections (nb)

—
o
L]

d
o
[3%]

-
o

10"

10

HHM

%S>0 +HO
o)
=
£
:

B 5:".::: +
= }ﬁlff @

2E (GeV)
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ALOPOHHLIV BKa4, B NUAMPYHOLLIEM
NPUONMXKXeHNN

G69
N78 .
K84
B85
MD90
EJ95
DH97
A97
DEMZ03
HO04 .
DHMYZ10 ———
HLMNT11 ——
DHMZ11 ———

JS11 ———

DHMZ17 ———

J17 .

650 660 670 680 690 700 710 720
a,(Had,LO) x 10"

oM TOIDHMZ17] = (693.1 + 3.4) x 1071 (0.49%),

@' L0 17] = (688.07 £ 4.14) x 10720 (0.60%).
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ALOPOHHLIV BKa4 B cneayroLmx
nopsaKax

- Bknapg BTOpOro nopsaka

an VO = (—9.84 4 0.06,,, £ 0.04,49) x 107",

- Bknapg pacceAdHNAd CBETA Ha CBETE

u.ﬁad;LBL[GIH.sgnw] = (10.5+ 2.6) x 1071, o
al™ PEN] = (11.6 £ 4.0) x 1071,
i
: . _ _ a)
ap*“FPHMV] = (13.6 £ 2.5) x 107
oMt LBL — (9.545(6.468 + 1.487 + 1.590] + 1.240 + (x%.5.)
IO T Bl b e el e 1O Bl 0.755[0.189 + 0.519 + 0.047] £ 0.271 + (ar,f1.f])
OHHOC cne 9TOTO BKIaZia —0.598]—0.017 — 0.206 — 0.285] £ 0.120 +  (ag.fo.f})
NpnONM3nTENBHO paBHa TOYHOCTU 0.11[0.079 + 0.007 + 0.022 + 0.002] £ 0.01 + (£}, fr.ah.a5)
BbIYMCIEHNSA NNOMPYIOLLIErO BKNaaa. ~204£05 + (x — loop)
2234+04 + (quark — loop)
0.3+ 0.2) x 1071 (NLO)

= (10.34 £ 2.88) x 10710
(1.5¢
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Aa,(New Physics) = a,(exp) — a,(SM)
a, (SM) = 116 591 821 (45) x 107" (0.39 ppm).
a,(E821) = 116 592 089 (63) x 10711 (0.54 ppm).

Aa, = a,(E821) — a,(SM) = (268 £ 77) x 107" (3.50).

[pn ncnonb3oBaHUM Apyrux pacyeToB adpOoHHOro BKraaa Aa, BapbupyeTcs
Mexay 3.5 n 4.3 ctTaHOapTHLIX OTKITOHEHUN
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To4HOCTL M3MepeHun a,

11
au><10

HAD-LBL

HAD-NNLO

HAD-NLO

CERN-II
CERN-I

HAD-LO |
EW4 |

EW2

QED10 |

QED8

QED6

QED4

QED2

| IIIIILEJ | L1 1LIlll | éIIIIII | \IiIIII | L1 LIl | L L1l |
1 10 10° 10° 10* 10° 108 10’ 108
au><1011
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[lanbHeWllee pa3BUTue

y HaqanHa6opﬂaHHbIXHOBblm II|IIII|\III|II\I|IIII|II\I|IIIIIIII||IIIIIIII

9KCMEepPUMEHT MO M3MEPEHUIO a, B DHMZ A
180.2+4.9
depmunab. B 2019 rogy oxnoaercd
HOBOE M3MepeHne ¢ ToMHocTbio bHIJI, HLMINT
Yyepe3 HECKOIbKO NeT — C TOYHOCTbIO, B 182.855.0 C}/ '
/‘ I
A "
4 pasa nyJuue. - o NS,
« bnarogapsi nameperHusam B3INM-2000 u 181.543.5 ‘] 5
Pa3BUTUIO PELLETOYHbLIX BbIYUCNEHUN < 6(‘%
KX, oxkupaetcd, 4To Yepesd HeCKONbKO ’c} %—,
BNL-E821 04 ave. QNN oo Yo
NeT NOosIBATCH He3aBUCUMbIE 208.946.3 <) :
PELLETOYHbIE BbIYMUCNEHUA aPOHHOI0 % 5 ;
BKnaga v BblYUCNEHNSA MO NPAMbIM oo g2) exp- ®:

N3IMepPEeHNAaAM " rno NSMepeHnam
MeTO'D'OM pa,D,I/IaLI,I/IOHHOFO BO3BpaTa II|IIII|\III|II\I|IIII|II\I|IIII|II||:|IIII‘IIII
140 150 160 170 180 190 200 210 220 230
* MOXHO oXuaaTb yrnyylueHna TOYHOCTH a -11 659 000 (107
onpeaenexus a,(New Physics) B ABa

n bonee pas.




JNToraweHko N.B. QKcnepuMeHTanbHbIn cemmnHap NAD

N3mepeHue ceyeHnssi ee” - ttmT B
aKcnepumeHTax ¢ getektopom KM/-2
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Bal'l-2M

nny
JiInHak 3M>3B

&0

\\

B-3M o
CuHxpobeTaTpoH — B
200 M>B KoHBepTop 3

e~ et



| JLLELE

0O 00 200 rrm

7 ] ] ]
NN N
il
—-< 7 i "rr J; "rf ;’ ; { 5
e ;‘ , y
s “;:’:; | %; & I'.' :
N :; T 10 :
NWiE=——————"—\\ S
1 - vacuum chamber 5 - compensating magnet 9 - iron yoke
2 - drift chamber 6 - BGO endcap calorimeter 10 - storage ring lenses
3 - Z-chamber 7 - Csl barrel calorimeter

4 - main solenoid 8 - muon range system
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[TapameTpbl OeTekTopa

0 100 200 300 400 500 600 700
DHeprus nydkos, MaB

KoopaunarHnoe paspelieHue, MM

0.7 -

0.6 -

0.5

0.4

0.3

0.2

0.1

|
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[TapameTpbl OeTekTopa

O, MKM
s 12
s | 1400 ¢~
Y o0l
° 7 ! 1200 -
i 0 + ° o0 Q¢++ b ¢+¢¢OQ+ + * |
STee g 7 8o "o 1000 A
e
6| 800 -
! o
- 600 - -
4 e [laHHble 3KCNepumeHTa
I o —0—
- } MogenuposaHue 400 - —O—
2 m
! —0—
_ 200 - °
0 e b e e b b e b
0 100 200 300 400 500 600 700 800 0 ' | ' | ' ! | | I
SHeprua poToHa, MaB 0.7 0.9 1.1 1.3 1.5

0. paguan
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Cuctema cbopa gaHHbix KM-2

B pamkax pabotel 6bin VAX server —
pa3paboTaH nporpamMmHbIN $ ; 330 | o0
KOMMNIIEKC cucTemMbl cobopa >~ | m—
AaHHbix KMI-2: Il
* YTeHWe JaHHbIX

- 0bpaboTKa JaHHbIX B
peXunme pearnbHoro
BpPEMEHN
© TPETUYHbIN TpUrrep
- onepaTmMBHbIN KOHTPOJSIb

KayecTBa LaHHbIX
* MOHUTOPUVHT OeTeKTopa

- yNpaBreHne JeTEKTOPOM

/”

PPro-166
Linux

PC486 | .7
DOS

KLUKWA

:

Ethernet

[MporpaMMHbIM KOMMSIEKC YCMELUHO
npopaboTarn BeCb CPOK
aKcnnyatauum getekropa.
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Habop AaHHbIX

Howmep Hara Dueprud B | Kos-Bo rouex | Hucno cobbrrmnii
ceanca HAYAJA U KOHILA cam., B | no sneprun ete” — o

1 sHpapb (hespasn 1994 | 0.81-1.02 14 30000

2 HOSIOPL Jlekadpb 1994 | 0.78 (.81 10 6GGOOO

3 MapT uonb 1995 0.61-0.79 20 85000

4 OKTA0pL HOstOpL 1996 | 0.37 .52 10 4500

D deppasib uonn 1997 | 0.98 1.32 37 75000

4 MapT HioHbL 1998 0.36-0.97 37 1900000

THEIJ]L’.ILLH- 4 Cesonbl 110 Héiﬁ()p}’ CTaTHCTHKN CO CKaHUPOBaHHeM [HTHPOKHX

JMAIIA30HOB IHEPIUIL.
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[Npumep cobbiTa e e™ - wim™




Logashenko |I. Measurement of 2w cross section at CMD3

Measurement of 27t cross-section

Select final state with 2 back-to-back
charged particles
Cuts: payr Ap, AO, Ag

Fiducial volume:
@0 < Gavr < (T[ — @O), @O =09..1.1

Identify ete™,n*n~,u*u~ and background

Use “master” formula:
Nrr 0'53(1 + 5ee)€ee

|F|? = =
Nee Unn(l + 57m)gmt
Ta? 4m2\>/?
glete” »ntn™) = —(1 — n) |E,|?
3s S

a2 - “Born” cross-section ete~ — X, point-like pions; 8y - radiative correction;
ey - detection efficiency (not including acceptance)



Logashenko |I. Measurement of 2w cross section at CMD3

Separation of ete”,u 'y~ , m "~

Selected event sample consists of eTe™, u*u~, n*7~ final states and cosmic
background.

Cosmic background is easily identified by distance from the tracks to beam
axis and interaction point.

Separation of different final states is based on unbinned likelihood
minimization:

 using energy deposition (/s = 0.6 GeV)

_lnL=_ z ln[ Nxfx(E+,E_) +zNX
events X=ee,uu,mm,bg X
« using momentum (v/s < 0.52 GeV)
—InlL = — z ln[ Nxfx(p+,p_) +
events X=ee,uu,tt,bg X

+ sign reflects energy deposition and momentum of particle with
corresponding charge
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[Tpmepbl pacnpegeneHnn

no 3Hepr08b|,£|,eneH|/|+o Nno I/IMI'IyJ'IbCy
> 400 Gl T
2 2 220F
5 s I
Ll - B
: 22001
300 8
180f
200/ .- 160F
140:
100 B
120f
0 el skt &b Lo e — :I i1 L1 L1 I .|’ L1 ]
0 100 200 300 400 100 120 140 160 180 200 220
E,, MeV P., MeV/c

350 MaB 200 MaB
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OnpepeneHne goopmMmdakTopa

F,.|* = N e (1+ dec) CEE+U (L4 0pup) e
" N, + Iww aB (1 4+ 0pr) (1 — /_\H) (1 —Ap)ex
AT?T?T .
IS measured, other values are calculated:
Nee + j\ﬁup:

08 — Born cross-section (F,=1)

« O — radiative correction

£ — reconstruction efficiency

A — correction for nuclear interactions

» A, — correction for decay in flight

* A, — correction for e+e-—31,41,2K background
* A, — correction for E*<>E" correlation

‘Abg:
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PaanaunoHHble NoripaBKu
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MCGPJ R R R e
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-55F 1 e iyt
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OKcnepuMeHTanbHbIn cemuHap NAD

[TlonpaBka Ha 3o EKTUBHOCTL

PEKOHCTPYKLIMM

All selected final states produce
very similar signal in the drift
chamber.

In the first order, the reconstruction
efficiency is cancelled out from the
formfactor calculation

Due to drift chamber malfunction,
the correction for reconstruction
efficiency reach up to 4% percent
for 1998 data set.

Enwleee

1.02—

0.98 .-

0.94

1,010t
0000 it fl o
037;%nm“m“m. ..nmnﬁ

0961 it ® [ 4

0.95[

[ | | | | | Il | | | | | | | 1 | | | | | | |
400 600 800 1000 1200 1400
Energy, MeV

Measured ratio €. /€.,
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CucrtemaTtnyeckas TOMHOCTb U3SMEPEHUIA

Merounuk  cucremaruye- Bennunna
CROM oKy

0.37-0.52 I'5B 0.6-1.0 I'sB 1.04-1.38 I'B

1996 1994-1995 | 1998 1997
Tounocrs  oupejgenenus 0.3% 0.1% 0.3% 0.3+1.1%
SHEPIUH HAKOIWTE)1S
Tounocrs  oupejenenus 0.2% 0.2% 0.2% 0.2+0.5%
TEJACCHOIO VIVIA PerUeTpas
LMK
Tounocrs  oupejenenus 0.2% 0.2% 0.5% 0.5+2%
apdpexrusnocru peru-
Crpalun
Cucremarnueckas  onmi- 0.4% 0.2% 0.2% 0.2+1.5%

Ki LHPOLEJAYPbl  pasie/ie-
HUS A THLL

Tounocrs  oupejenenus 0.2% 0.2% 0.2% 0.2%
HOUPABOK  Ha  HOTEPIO

HUOHOB
Tounocrs BBITHCJICHH S 0.3% 0.4% 0.4% 0.5+2%
PaJAHALHOHEBIX HOHPABOK

Tounocrs Berumranns go- - - - 0.6+-1.6%
Ha

Topumosnoe winyuenue et 0.05% - - 0.05=1.7%
u e Ha Tpybe

CymuapHas cueremarie- 0.7% 0.6% 0.8% 1.2+4.2%

Ccras OHDKA

T}lGJlHIL}L O — (OCHOBHBIE HCTOMHUKE CHCTEMATHYeCKON omnbKn HE3MEeDEHK L

ceuenns ete” — T ¢ perexropon KMII-2.
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PeaynbsraTt nsmepeHus

‘!I_g —
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PesynbraTt nsmepeHuns: OTKITOHEHUST OT
NOLrOHKM

- 0.25
§ —  —« CMD296 —— GS fit
= 02— . cmpes @ .. KS it
o —+— CMD298 ' Tl ! Y
= 0150 ., cmpagr IR
o _
L 0 | “
0.05— y . % [
-0.05—
0.1
015 }
0.2
_0.25:||||||||||||||||||||||||||||||||||||||||||||||||||

04 05 06 07 08 09 1 11 12 13 1.4
2E, GeV
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CpaBHeHMe ¢ ApYyruMmn N3MepeHNAIMM:
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OKcnepuMeHTanbHbIn cemuHap NAD

CpaBHeHMe ¢ ApYyruMmn N3MepeHNAIMM:

BES-IIl n KLOE

IF F/Fit{CMD2)-1

—— KLOEO08

i o

01—

0.05—

-0.05

0.1

BESIII

)-1

F FIFIt{CMD2,
l] TTT

: MHHHﬂ IH}M; é o

[T 5 Py

ol b e by v b v i b i b b g
0.4 0.5 0.6 0.7 0.8 0.9 1

v P Py
11 1.2 1.3 14

|F FIFit{CMD2)-1

—— KLOE12

i

: .
M‘ F}W{[ 1} f}i%{*




JloraweHko W.b. OkcnepumeHTanbHbIM ceMnHap A 57

CpaBHeHMe ¢ Apyrmmmn M3MepeHNIMI:
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CpaBHeHWe BKNaaos B a,

- . before CMD2 3
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- CMD2 3
- SND - e cMD2
= " KLOE 08 3
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3mepeHne aHomanbHOro MarHUTHOIo
MOMEHTa MIHOOHa
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McTtopusa Hadanack B 1984 rogy...

Danb Field Farley Picasso _Krienen

Baile | Hughes Combley

Habop gaHHbIx Hayancsa B 1997 rogy. OcHOBHas ctatucTmMka HabpaHa B 1999-2001
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Experimental technique since CERN-II

2 o,
a'lu g— oC ——
2 B
Polarized Make a pion beam, then select highest energy
muons muons from parity violating 7— p + v, decay

A 4

Precession in
uniform B-field

Storage ring with ultra-precise dipole B-field. Allow
muons to precess through as many g-2 cycles as

possible.
Measure muon In parity violating decay L—> €+ ve + Vi
spin direction the positron is preferentially emitted in the muon

Vs time spin direction




Muon g-2: Muon Production

Proton bunch Pions

3.11 GeV/c
Target

« Outgoing pions focused by a
lithium lens and then momentum-
selected, centred on 3.11 GeV

« The pions are then collected and
sent towards the delivery ring



Muon g-2: Muon Production

Proton bunch Pions Iu
q ——
3.11 GeV/c

Target

* |In the delivery ring, pions decay
Into negative helicity u*

Sy 7r+ Sp+
— G
—— @

Pv Pu+

* Create a ~90% polarised beam
by selecting highest energy u*

0 fory=29.3
« Momentum of selected u* centred e - 1 I
on 3.09 GeV (y =29.3) to reduce  “*~ e [“”B “\® T3 (B % E)]
E-field effects:



Muon g-2: Storing Muons

_)
Proton bunch Pions Iu Inflector
3.11 GeV/c

« Storage ring: 14 m diameter
toroidal C-magnet with 1.45 T field

 Inflector magnet nullifies the
storage ring field for incoming Storage
muons ring




Muon g-2: Storing Muons

_)
Proton bunch Pions M Inflector
q ——»
3.11 GeV/c
Target
+ Storage ring: 14 m diameter Injection orbit

toroidal C-magnet with 1.45 T field

 Inflector magnet nullifies the
storage ring field for incoming
muons

* Muons that pass through the
Inflector are off central orbit




Muon g-2: Storing Muons

Proton bunch Inflector

Injection orbit

e Storage ring: 14 m diameter
toroidal C-magnet with 1.45 T field

 Inflector magnet nullifies the
storage ring field for incoming
muons

Central orbit ,
Kicker

magnets

* Muons that pass through the
Inflector are off central orbit

« Kicker magnets move the orbit to
the centre of the storage ring
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Muon g-2: Storing Muons

Proton bunch

Target

« Storage ring: 14 m diameter
toroidal C-magnet with 1.45 T field

 Inflector magnet nullifies the
storage ring field for incoming
muons

* Muons that pass through the
Inflector are off central orbit

« Kicker magnets move the orbit to
the centre of the storage ring

« Muons focused vertically with
electrostatic quadrupoles

Pions 19’ Inflector

Electric Quadrupoles



Logashenko Ivan

Layout of BNL experiment

\ E821 beam line and muon storage ring
\\ V -line FEB transport
N
X 24 GeV Protons
N ,
k@ 6 x 10" protons / spill V - target station
e
V1 beam line TL, IJ. sclection slits
|—|_|_M‘_I g Cle
\V'—“)
W~ 3 GeV u Decay Channel
\ 14 meter diameter superferric muon storage ring
~10* u stored
i H



Logashenko Ivan

Measuring w,

 Absolute calibration from
spherical water probe
2 times a season
* Field inside the vacuum
chamber measured using 17
probes mounted on a “trolley’
Every few days
« Constant monitoring of the
field (and stabilization via
feedback) using ~150 fixed
probes above and below the

vacuum chamber
All time

Field is measured in terms of the free proton NMR frequency (o)

inner coil



Logashenko Ivan

Field map, BNL experiment

Contours are ppm
w‘;m’ )

10 cm

Average field, seen by muons
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TOYHOCTb N3MeEPEHNA MarHMTHOTO MOJ1A

Herounuk cuereMarHyeckoi olmmubKm 1999 2000 2001
Tounocrs jaranka abeo/OTHON KaJHOpoRKK 0.05 005 0.03
KanubpoBka TaTIHKOB, VeTAHOETEHHBIX HA TeTeKKe 0.200 015 0.09
WsMepenie KapThl MATHATHOTO 110,751 0.10 0.10  0.05
Murepnoligius seH I MHbL 0015 ¢ HOMOLLI nocToddubix (.15 010 .07
OATTHKOB

Yuer npoctpateTREHHONG PACTPC/ICICHUH MIODHOR 0.12 0.03 0.03
Bimsnuny paccesnnaro nojs wuduiekropa 0.20 - -
Hpyroe 0.15 010 0.10
Obias cuereMarTH1ecKas omMDKA H3MEPeHHs W, 0.4 024 (017

Tabuamua 11

Cueremarieckas TOMHOCTh HEMOPCHHA MalHATHOPO THUEA Wy,



Logashenko Ivan

Measuring w,,

Calorimeter

Waveform
digitizer

Pulse height (ADC units)
8
T | T

2N

R

IBI T Isl lgl T lgll

[=]
TT

VA'/ {

80
Time (ns)

Offline reconstruction of
energy and time
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PekoHCTPYKUUS JaHHbIX C KaropyUMETPOB

- OCHOBHas 3afaya PEKOHCTPYKUMU — onpeaeneHne BpeEMeEHU 3f1IEKTPOHOB C
cuctemaTtnyeckon TovHocTbio 20 nc (early-to-late)

- Bpemsi un aHeprusi onpegensitoTcs ¢ NOMOLLbIO NOAFOHKN CUrHanoB
npegonpeneneHHon opmon

- CNOXHOCTMU:

- OumndpoBka bopMebl € Wwarom 2.5 He — Tpebyemasa cuctemaTmndeckas
TOYHOCTb cocTaBnsaeT 1% oT nepuoga oungppoBKU

- Oumndposka npoussoamtca asyma AL, kaxabln U3 KOTOpPbIX BUAUT
HEMHOro pasHyto dpopmy

- Heobxoanmo onpenenntb opMy CUrHaNoB 13 camux AaHHbIX



OKcnepuMeHTanbHbIn cemuHap NAD

Jlorawenko U.B.

KannbpoBka popMbl CUrHanos
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3aperMcTpMpoBaHHbIN HopmupoBaHHbIN Bpems, HC
curHan curHan
CpegHue hopmbl Ans
[MpamMoe npumMeHeHne nTepaunoHHON pasHbIX HaYarnbHbIX
NPUBNMKEHUI

npoueaypbl NPUBOAUT K NOSYYEHUIO NCKAXKEHHOWN
doopmbl curHana

TpebyeTcsa ncnonb3oBaHWUe AOMNONMHUTENbHbIX

NpeanosioXXeHUN.
* Crny4yanHOCTb BpEMEHN Npuxoaa CUrHasrnos
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KannbpoBka popMbl CUrHanos

m - AUnO O— Auni

[lceBgoBpems: .
T i; — {1 _
¥ = = ADCay + arctg —zmaz tmaz—1
2 n"fmn: T n'fmn.?:"i'l
Yy=0+¢ Y =mn/4 Y=mn/2—¢ PY=n/2+¢ w=;/4n Yy=m—c

[lpegnonaras paBHOMEpPHOCTbL Npuxoaa 20000 =

CUTrHanoB BHYTPW Luara oundpoBKy,
CTPOUM (pyHKLMIO Npeobpa3oBaHns OT
NCEBAOBPEMEHUN K BPEMEHM:

15000
10000

i m 5000 _
ty) =5 / p(¥")dy’ / / p(¥)dy’ _
0 0 |\|

0

PacnpeneneHue rncesaoBpeMEHN
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OKcnepuMeHTanbHbIn cemuHap NAD

KannbpoBka dpopMbl CUrHanos

[TonpaBka kK amnnnTyae curHana
(bopma mMakyLLKu curHana)
CTpPOUTCA U3 ABYMEPHOIO
pacnpeneneHna amnianTyasl U
nceBOOBpPEMEHN

N
o
o

Amax — Ped, kKaHanbl ALN

100
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dopMbl cUrHarnos

Pa3spaboTaHHbIn anropntm
NO3BOSMNIT UBMEPUTb HEUCKAXKEHHbIE
doopMbI curHasnos

KannbpoBka doopm curHanos
npoBoaunach ANs Kaxgoro ce3oHa

Bbinn npoBeaeHbl UccrnegoBaHus
cTabunbHOCTU (POpPM CUrHaANOB B
TeyeHue ce3oHa n early-to-late.

200

200

OKcnepuMeHTanbHbIn cemuHap NAD

ns

ns

— 200 200 —
Il D 1 0 Il 1
10 Det. 1 g0 Det. 2 g0 -0 Det. 3 40
200 200 —
40 010 I I ‘ 40 010 | ‘ 40
Det. 4 ne Det. 5 e Det. 6 e
— 200 —
L L 0 L L I
1 Det.7 3 1% Dets8 0 0 Deto O
— 200 200 —
Il Il D 1 1 0 Il
Det. 10 40 -10 Det. 11 40 -10 Det. 12

40
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ANropuUTM PEKOHCTPYKLINU

Bbin paspaboTaH anropuTM PEKOHCTPYKLUK
OaHHbIX C KariopuMeTPOB, OCHOBAHHbIN Ha

Locabe
== prepatlsas
Event I— / 1

NTepaTMBHON MUHUMU3ALUN: | Even A rorr———
.HH'M f sgual o guaubker of prepulses
1”' 2 | '\-u.._k“ .'I MP=M{
) R |:EII' o Z;ﬂ=1 A-m . f(t‘i - I}r.l,}] —| Detector —— Tetector |— I."I A
= ; , N |
: ; a ——
i=1 k ) N IY“
hxil\ Ll — PTE:;J] fit |
[nsa 6onblUMHCTBA CUrHanoB \ / BN
npuMeHsinacb npouenypa obIcTpou f'”“““f“y/ 0 o chicaquare] >
MUHVMUM3aLMM, PY KOTOPOI BPeMSst Lo h .
oo Add ane pulse 10 e placs
curHana domkcmpoBarnoch paBHbIM oy with e wors chi-sguare
Partourr fell it
3Ha4YeHuo, BbIYUCIIEHHOMY U3 ] s
nceBOoOBPEMEHM. o
—-::_Q?:K{h-alji_ﬁﬁﬁ___:-.-
Fill ADAMO tables |-r Aceept NP=NO fi IY“
bbina peannsoBaHa cuctema

06paboTku AaHHbIX (Nporpamma g2off). | Acsopi NP1 |
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BrnvsaHue «HeBUOUMBbIX» CUTHANOB

Okasanocsb, 4YT0O BbIOOpP o B:

. 2
T _— . .ﬁi' . . ' ]
9 {ﬂ'l P E :m=1 Am f(ta -'{m,)]
jl o E 9 1

o
i=1 !

UrpaeT Ba>KHyro porsib. BbIfIo NoKkasaHo, YTO NCMONb30BaHME KOHCTAHTHOIO
3Ha4YeHN4a o onTMMalsibHO C TOYKN 3PpEHNA YCTOIZHMBOCTM K BITUAHNKO «KMOPA»
CUrHanoB maromn aMmnnTyabl, HAXKE rnopora pernctpauunin.

: 0A : :
ﬂA:ﬂ Z A{ﬂ.]+dr-”...Tﬂ-n__l_ﬂﬂ}_A{ﬂ'l*_wr':a'ﬂ'):

da;
\

Ecnun pesynstat MMHMMN3aUMM 3aBUCUT OT YPOBHS
nbegecTtana, To HanNn4Yne «HeBUAUMbIX» CUTHanNoB
NpUBOAUT K cUcTeMaTU4eCKOMY caBury early-to-late



Logashenko Ivan

Measuring w,

High energy electrons in LAB frame
correlate to forward decay electrons
in CM frame

Number of forward decay electrons
in CM frame correlates to spin
direction

So: count electrons with E > E;p,,
N(t) = Nye t/Y*[1 + A cos(wt + @)]

Simple 5-parameter fit! In real life, it
IS not that simple:
gain changes, pileup, coherent
betatron oscillations (CBO),
muon losses, ...

Counts per 150 ns

—
o

5hD.'I
]
5

52 34 36 38 40
time {us)

Counts per1

G0 80 100

%602 eo1 6% 608

time (ps)
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[TonHaa pyHKUMA NOArOHKK

ll'\.:" .
N(t) = TT':' exp(—t /7, ) - A(t) - Vit)- B(t)- C(t) - [L — A(t) cos{w.t + a(t))], (3.6)
I
rie f
Alt) =1 — Ajpes / L{t) exp 7 dt’, (3.7)
]
Vit)=1— {::_!"Ilwwfflp'w {':IZ}S(MUW!'-' + dvw ), {38}
B(t) =1— Ayetim, (3.9)
C(t) = 1 — e ™ A cos(wut + @), (3.10)
Aty = A [1 — ¢ Ay cos(wapol + {."J'g::l:| : (3.11)

o(t) = g + e Ay cos(wesot + B3). (3.12)
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OKcnepuMeHTanbHbIn cemuHap NAD

BblunTaHne BKknaga ot HanoXeHus
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JHeprua, 2B

[lonsi curHanos C HanoXeHnemMm MeHSEeTCs
early-to-late (ot 1% £o 0), 4To npnBOAUT K
BonbLIOMY CUCTEMATUYECKOMY COBUTY W,

Bknag ot curHanos ¢
HaroXeHnem onpeaensieTcs
CTaTUCTUYECKM N3 CaMUX
AaHHbIX U BblMUTAETCA U3
cnekTpa.
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1N 3TOro Ncnonb3ykTCca cUrHansi,
3aperMcTpUpOBaHHbIE HA «XBOCTEY
OCHOBHOIO CUrHana.
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BblunTaHne BKknaga ot HanoXeHus
CUIHAJ10B

Bbin npoeBeneH psan nccrnenosaHuy npoueanypsbl BoldMTaHNA ooHa oOT
HanoXeHU curHanoB 1 paspaboTaHa onTMManbHas npouenypa.

Bbin npoBegeH aHanmM3 cucTeMaTUYeCcKnX oLLNOOK, CBA3AaHHbIX C OCTaTOYHbIM
dOHOM OT HaNoOXXeHUN CUrHanoB.

N

c : ‘ ) .
EE- | ® Bes3 BbluMTaHMA 5 5 e) 0.10 ® b :
- O CsbluntaHvem, A = A; + 4, + x €3 Bbl4UTAHUA
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© : : : | ¢ : S A S
T 2 [ s e 5' LM
I : L e : ™
.~ H g Il —
= f +
;li 1 ; ___________ "' ................ SR 3 t 0.05 [~ e
! L z | = :
: IR SUURS |
- g T S3| I I S SRR B
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) LOURN I 8 I A 1 Stas !
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A, KaHanbl ALM KonmnyecTtBo MHMKEKL UM
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OpraHusauusa aHanmsa JaHHbIX

Cblpble gaHHble

w, G20FF w, G2TOO
@ % cnenoii aHanms @}
«COoBuHyTaa» w, «CaBvHyTasa» w,

\Uﬂb"ﬂ/
ay
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ToYHOCTb N3MepeHUst YacToThbl
npeLeccun

HeTot I HuK cHeTeMaTH TecKol onMoKH 1999 2000 2001
CTabnInLnocTs aHepreTHHIeckoil Ka HOpoRKH 0.02 013 0.12
Hanoxkenne cirualion .13 013 0.08
KorepenTHble DeTaTpoHHBIE KOJTeDAHHS .05 021 0.07
IIvukoBki dhon 0.10 001 F

Bl anne mMoonon 0.10 010 0.09
ToUHOCTE HAMEPEHH BPeMeHH 010 002 *

TTonpasku, cRAZATILIE ¢ TagnIneM 3JekTpiueckoro mojgs  0.08  0.06  0.03
W DeTaTpPONHLIY KoJjleDanii

[Tpouenvpa noaroHKH 0.07 0,06
O0mas cneremarnieckas oK HEMOpeHHS W, 0.5 031 0.21

%

Tabumna 13 CucremMarTuyecKas TOYHOCTE HEMOPEHAS 9a0TOTh TPCIECCHN Wy
s pannsix cezona 2001 roga cvMmapias cuereMarnyieckas omuDKa 1L

REJIA/I0R, OTMedeHnhiy ) coctanaer (.11 ppm.



JloraweHko N.B. OKcnepuMeHTanbHbIn cemuHap NAD

CpaBHEHME pe3ynbLraTtoB pasHbIX MPYM
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NoraweHko UN.B

. OKcnepuMeHTanbHbIn cemuHap NAD

[TpoBepKka cTabunbHOCTU PE3ynbLTaToB
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PeaynbsraT nsmepeHmnn

10
a'u x 10 T T T T T

11 659 260 |- 7

11659 230 | -
11 659 200 | }

11659170 | -

11659140 | -
-[_ | | | 1

1997 1998 1999 2000 2001 CpepgHee

3Ha4YeHue

Ce30H Habopa AaHHbIX

a,(E821) = 11 659 208.9(6.3) x 107 (0.54 ppm).

Lt

CPT (ut) = () = (36 =37) x 1071
at ﬂdp

v
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3akrodeHme
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PGByJ'IbTaTbI, BbIHOCUMbIE HA 3alLUUTY

1.  PaspabotaHa cuctema astomatmsauum getektopa KMI-2, Bkniovarowas B ceba KoMmnnekc
nporpamMMHOro obecnedeHusi, npegHas3Ha4YeHHOro Ans BbIMNOfIHEHUST Credylwmnx 3agad:
YTEHUS [aHHbIX W3 9NEeKTPOHMKM AEeTEeKTopa; aHanmsa [aHHbIX B pexume pearibHOro
BPEMEHN N peanu3auum Ha ero OCHOBE TPETMYHOINO Tpurrepa U CUCTEMbI ONepaTUBHOrO
KOHTPOSIS1 Ka4yecTBa AaHHbIX; OpraHmM3aunm CUCTEMbl MOHUTOPUHIa AeTeKkTopa; opraHM3auum
cucTeMbl ynpaerneHna getektopoMm. Cuctema aBTomaTu3aummn ycnewHo npopabotana B
TeYyeHne BCero cpoka akcnnyatauyum getekropa KM/-2.

2. PaspaboTaHa meToauKka nsMepeHus cedeHns npouecca ete”™ —» ntn~ ¢ perektopom KMI-2,
BKNOYass MeTtoaukm otbopa v maeHTudukaumm cobbITUM U BblYUCNEHUSA HEeOobXoanMbIX
nonpa.okK. [poBeaeH aHanM3 BO3MOXHbIX BKI1a40OB B CUCTEMATUYECKYHO OLLINOKY.

3. HfoseneH LmKn akcneprumeHToB ¢ Aetektopom KMI-2 no nsmepeHuto cedenus npouecca
eTe” - n'm~. HabpaH nHTerpan cBeTMMOCTM B Anana3oHe 3Heprun ot 0.37 go 1.38 3B B
cucrteme u,eHTpa mMacc. [ocTturHyta Haurydwas B MMpe CHACTEeMATWN4eCcKas TOYHOCTL

npaAMoro u3aMepeHunda cedyeHnda ripouecca ete” -t . Pe3yanaTb| Msmepeval
NCMNoNb3yKOTCA OJ14 BblHUCIIEHUA aApPOHHOIO BKIaga B aHoOMarnbHbIN MarHUTHbIK MOMEHT
MIOOHa.

4. PaspaboTaHbl anropuTtMbl PEKOHCTPYKLUMM W KanubpoBKM AaHHbIX C KarlopuMeTpoB
akcnepumeHTa E821. PeannsoBaH KOMMNMEKC nporpammMmHoro obecnevyeHus ans obpaboTku
OaHHbIX 3KcnepumeHTa. [lpoBedeH aHanM3 BO3MOXHbLIX BKNAa4OB B CUCTEMATUYECKYH
OLINGBKY N3MEPEHNA YacTOTbl NPELIECCMM MIOOHA, CBA3AHHbIX C PEKOHCTPYKLMEN OaHHbIX U C
HaIoXXeHMEeM CUTHANOB OT HECKOSbKMX SNEKTPOHOB.

5. [MpoBedeH UMK SKCNEPUMEHTOB MO W3MEPEHUID aHOMAallbHOr0O MAarHMTHONO MOMEHTa
MooHa. [octurHyta TOo4YHOCTb u3MepeHus 0.54 ppm, 4to B 14 pa3 nydwe TOYHOCTU
npeabIayLLnx namepeHunn.
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