RL 34 tod dzq 4 fnJuJﬂZﬂV@ f ets-
“td Odats 3RO dz' desets 3O G dzd
RBsdzy dzls © d38 ts dzO

[ e Oh RABOEZz 1 sStedMso dy
1 Okzydzr 2 € tsdahkdz! eé5.0d8zIsC 2 H | dz d30 dz

dbftesBOYdY HBCktMCts2 HdMMj tls Oy
RCA, 02.03.2018
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1l dzO dz

1. [ BL s o tc | d3J [2d4tsls t5Y Gz & dz) d3"

2. RL 034 tejfmigdyd daqe “ “ ol ¢y J toddpy d
Hylsj € IsssfteA® d3

3. RL d3f1 tc J Qiddgts) d3 O oz! axias clss| IsoliEig | sy (s dzO
91

4.1 OC dzs yJ dzd §




CCMmY jtodd3j dzelsOdz! dgr 2 fj digd d®tc R C A

RMsstedyJ MEd2 BGBL Bt C
Msmisswdzdy f tetsB dz] O3f
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1 sdmMSd 1 so82 WdL dS6

AdLdSd Mydlsoels, ylss, M or M
g4IsOdzH Otels dzOWw [ sSH jdz WwWodzw J Isypw 1
sygttedd, d Yyl ¢y soa0OwW WdLdG Oe
Sfdmr a0jJd3" §j 4[] ), HBGdd (oW
L dzOyd Is J dz! 1O de@disiain ¢ d m

1 sdmMSd (1 sots?2 WdLdSd o dzOB SOl
Al ew dg'djh J &3 dztser | yOMmlsd WH tedz@zdatst
C sdzdzO2 H j to ]

As sfoe j dedp™ jj d3 f teswW o dzj dzgdvw | tso 52
CoOdzlstsor 7 {(g-Bdz¥ & dz2®
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[ Ocdzd Isdzr 2 gsdzj dzls o ¢
L dzj CIstetsH d dzOd3d € j

[ OcdzdIsdz 2 dBsdzj dzls Isj Mdets MeowL Odz ) ke dztsor

.

® Take a charged object A
rotating around an axis

p=1IA

:u=§qu .

charged body rotating

e But, using angular 9 around an axis of
momentum, svimmeltry
L = mur St e LV b
q
Sl —
ﬁ 2m
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[ Ocdzd lsdzr 2 Btsd3j dzls «

So0dkzEsso OV dZy ~n Odzd S O ftojHMEOLT 80 1Is, Ylsts
Fcdztso 52 idgipifjddeise , O L dzOydls, d o dzlzlstcj dzdzd

e

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

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

angular momentum of

h 1 i ftcOo d dz dzts!
S=§

spin
charge
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[dr s zlg)ltdaddd -~ O

® Beam of silver atoms passes | tebeamoite I,,,,._M,

) atoms of silver
through inhomogeneous Th s
magnetlc ﬁeld /A%msrwhiﬁ
late
® Result was atoms deflected -
% § N l ms= +(1.2)

either up or down

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!

ﬁ = gi? = gyromagnetic ratio
om g§=8 g

[Ocdzdlsdz 2 s dzs ©lsdzd YO j BENOL 5 € &zO

/

J]JesdBdOcdzd Isdetsy Blsdatsh §
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SOl OV dhsstedW

Avdzj dzefj BzH MOFIS f sMiszdzdtcse Odzd
My d dag=2 d
Al . uots®BO g2l G Ytoj dzw Isd o d MisM < d
AV . 1 dteOCT to(j 1dB2s8f)o d Mis T @y ¢ Is jots iz
A1947:RL d3j toj dzadWv Mo jtornlstsdzl 52 Mlistec
Hyj2Ijtedw f8COLOAEZd, yYlst
Avted Z WY T X . Z 0 d (AAg) . A J 2 dABENZ

Q ¢ Q

-
— —h —- PIp o
c c | o PP OX



[ 560Oh jdCts R. J . CCffjteddsj dels Oz dzr 2 ) kg d®te R A

¢ dzts Q3O dz! dz" 2

BOG dzd Is ¢

AThe magnetic moment of the particle relates to its spin angular

momentum via the gyromagnetic%lctor, Q.

p O—V
C a

Aln Dirac theory, point-like, spin Y2 particle has "Q ¢ exactly

AExperimental values:

g, ° 2002
g, ° 2002
g,° 5586
g. ° - 3.826

\

7

point-like
particles

compound
particles

¢ dzts BBOdz! dzf 2 i3OG dzd Isde’ 2Q @K d34 dzls

W PpTI
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MY j tod d3j dals Ocdz' dz' 2

fnd i3 ddDEe R C A

(0-2)1 dzj ¢ Is tc t5 dzO

The best precision is achieved for electrons (g-2). The value of @ 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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(0-2) 3 sdzO G O¢ ddzMmistelz d3
dzso™ m 9L Go[dySch’gYQ fnls?cfi

Concerning the Radiative Correction to the
u-Meson Magnetic Moment a
V. B. BERESTETSKII, 0. N. KROKHIN m y : h

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)

(0-2) B% 5 z@0,000t6OL Bisdzj j ukofise dlsj dzj d ¢
tOBC Oid lsOdzr Otsls day-2) ¢ dgfp 6 Js dzdh dzOY § B

a,= a%ED n a/I;I7ad + aVn\éeak + a/|>|7€WPhySICS
: 2
1,000000 : 60 : 13 . ° %mm/mxg

Jprdzs BT Mg ddzls g toj Mdzydpd foldnefdsdz’ Ldste Odsd 8¢
ftesdLotsHdIs! d tsdzd Mdzdh CStsd3 B Mistets tOMY C



[ B SDIZZdZO[Q O dz dz,r
dzOB tstc Ols ts to dzr 2

m, =207 x m, -
(m,/m,)? = 44,000 - a typical new-physics sensitivity factor

S

» 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

Muon

« 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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1l oo 15

CCMmY j tedd3sj dzelsOdz! dg" 2 Mj s ddte R C A

dL '@j toj dzd J

1957: Garwin, Lederman, Weinrich at Nevis (Just after
Yang and Lee parity violation paper - confirmation)

, 85 MEV
PION"BE AM

CARBON ABSORBER —
TO STOP PIONS

GATE-INITIATING
COUNTERS (4"X4")

CARBON TARGET

——
. /g% r"zt:f;ﬁ':“
Nl L AN 2
'3 ~= ]

Direct measurement of g -- asym vs field

.4

COUNTS RELATIVE TO IERO APPLIED ELD
- P =) -
' 4 e
//
&'”M
—aH
|

L
+40 +.60

T | | | I i
=60 - 40 =20 [1] + 20
AMPERES = PRECESSION FIELD CURRENT

Gy = 200+ 0.10 muens behave

like electrons

5% uncertainty

1960:g =2( 1. 00 D2 D 0 0 QMB6)s sy dzts M) &Y H dzw
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[Is TEBWhJaMwW d3¥ Sdatse

AStore polarized muons in the uniform "
magnetic field B

AMomentum rotates with cyclotron
frequency:
1 Q4w
ASpin rotates with Larmor+Thomas .
frequency: momentum
1 QQiE do( 1)Q6r G
ASpin precesses relative to momentum ] .
. %— W
0

with frequency 3
T 11 0Qdaw

RNy sdz' L so Odedj HodYkh dafmw ks sdkso! § s
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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)




[ 560Oh jdCts R. J . CCMfjted Bj dEsOd dz 2 T d3d ddVts

pr = 1.27 GeV/c
B—1.7T

i

i

Electrons go
inward to detectors

R4t

(ifll
ltHL

A o

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



Magic r (CERN-III)

Anomalous magnetic moment is independent of [ . The larger [ , the longer

muon lifetime, the more g-2 circles observed i 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.

Viomentum —

Ymagic = 29.3 Contribution from

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

Magic| completely determines the size of the CERN-type
experiment.



| s60ONMN jdeSts R. 1. CCMmY j tedd3d dels Odz! dzr 2 MJ d3d ddl®te

CERN-IIl (1969-1976)

Muon lifetime dilates to 64 ps (!

RCA

Bl
\\\“'
\
J—i\
o
Mumber of events /032 LLEEC

4
] .,
' L IO ! "1_ o ot P - o
— _.—J L e e L e \'. S .".l
B I et e T T, .
T R T L N LN
IG':! - [ AT L u L N weoar
L 3 o T
o T e T T
ol Lo i i !
'Illmllll'l '"FI\ ||||| l'.l :I'ﬂ'" ‘:I"III i |.II. '|I \ 'II" """ Illlll
S L T T TR LA T,
Ii 1] |||
1 L ! L T

[ , r. S Ig-59uses
/f / 0% b | E9-02

g _ 02146

A U F T

Lo jpgozaz

232275
275-318

308 -262
362-405
A5 A48

343 45
491 - 534

IS Pl 20 40 a0 ar
Time 0 mMicToseconds

vy > 500 ps

Titanium_glectrodes

a,, = 0.001 165 924(8.5), +£7 ppm

DTS
Erﬂ
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Layout of BNL experiment (1997-2001)

\ E821 beam line and muon storage ring
\\ V -line FEB transport
o
X 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 mDecay Channel
\ 14 meter diameter superferric muon storage ring

~10* M stored

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 C

Rdzls jtoj Mdets dzy MO L dzOyj dedj Odets 3O dz! dzts
ssdzdydj sl ftwojHMEOL OdedWw wlsOdzH Otcl

YO 0 Q0 Qoi Q@i(Qon @ YD
I ydmdzgodzed ju s Odzn Otels dzts2  dBtsH j dzd

— ,QED , JHad , ~Weak_ . NewPhysics
a,,=ag-D +gHad 4 giveak . 5 Newbhy
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Cdzj ClotetsdBOC dzd Isdzr 2 ¢

£ (@) s (@) e (@) () s e

[ops ok Cr c CP - (afm), x10H
1 05 0.5 116 140 973.2420(260)
2 —0.32847844400 | 0.765857423(16)|  413217.6270(90) OdzO dzd Is d Yy
3 1181234017 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) W d indzg daczts

Tabauna 1 — Braaisl pasiuaHoro nopsika TeopHd BO3MYILEHHHA B aff]ED.

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

/ T \ X 0.29 ppb

| a a4
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sdzOB " 2 9 ¢ dzOH

ﬁ(:pm? 10 5 — (1 — 4sin? Oy )*
) L2V EW N R T —
1972: fty: = (E{WJ 3 (Z)|=p @ gp) pT
_ Kukhto, T. V., Kuraev, E. A., WEW 49 45) w101
1992: Silagadze, Z. K. and Schiller, A. “u ( 5)
2000 sH dzs | Is dzk aA®OG t© !
4 J G SH dg¥ al! W = (—41.20 £ 0.22 £ 0.72) x 107",

A7) (puvap p8) pm 9 ppb
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I S dzOH GteOo dlsOyd tsdadz" -
oL Odd3sH ] 2Misea d?2

A 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

Y& Qi @ 0) dted3 ppm!

A17:000 . R. [ ddzi-bisj R d tsc OR deldzf 5] ) dats é
A18:00R . 1 . [ 5G @Igj2dzct® | | a brodzlsgjtta joydzts , A dzts Oo Ist
shdpdzd ! dzO 3 §tsteWHCED dzgj kZydzd HBOdzsMmls
A 09:00 31.01.2018: f d n+ d3tp2 csllaboration ©9 IsstcOd3 ) GBI W Mdz
shde¢d
A 02.02.2018 arXiv:1802.00651 M.Visser:¢ | " ydmdzj dadj W kzdzn Od3j
dzj f cOQo ddz! dets, ISOC COC LOadmdl ls o j dzd y
A 12.02.2018 arXiv:1802.04025 H. Nikolic: f sHtctsB dztsj tsBI W fydzj dzd
o' yqdmadzj dzd d

JteOQodlsOyddedz 2 L WW JjCIs §tcj dzj B o]
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The lowest-order hadronic contribution

The hadronic contribution is The diagram to be evaluated:

calculated by integrating experimental
cross-section , (Q'Q © QW QI ¥ € i

Weighting function* pfi, therefore had.

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

Starting from /i ¢ "OQ the pQCD relation and the optical theorem.
estimation of , (Q'Q © "QOQI Xis i

used. At lower energies only the 'w.m— ﬂ(s q ImW.M

experimental data are used. had
Many sources of data:

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

A Factories: Babar, KLOE hadLo . Mu [ 1.
. Babar, ot = T f ds ~K(8)omaa(s)
A BES




[5G ON j dzS t5

Y(i)

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 | : = QCD :
r I ] T
4 — | : i E 'I.l i
- 1 -! |
SN s
c 3f 4 i A e
slon : .
- A ” ]
2~ ] o1 N —
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)

CCMmYf jtoddsj delsOdz! dzr 2 MJj dsd dZ@Bte R C A

, QQ °QOHQI §,£0Q 0 ¢

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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SOC ¢cdzOBdtOjIsmwe ¢

- *.
KO B)lsospln
K+K—. \‘
ahad,LO VP
U ata— 7070
PRELIMINARY

| sBdkOMIsd 1 dgjteed? HE 2 ]
dzO B d tc O-PEGP' | G 5 l € d&zOH tGG)Ldchudzr_.-. ¢
Jqdzs j OO qtgeglsqq;@l@a?'_sésﬁ”jmd? o dzj stsy
dzd stsydets s - dzls § G
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] € azOH'T

CCMmY j tod d3j dzls Odz! dz 2

tcOL dzd ydz' -

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
KK2r
KK3r

w(— ™KK
2727~ (non)
7t 37" (non)

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

) d3d d&Bte

RCA

G

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

S C
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6 I T T T T 17 T T 1 T 7 T 1 IIII|IIII‘

e e — hadrons

RTTS]
(e areraste

4 L %ﬂ % ?
r 3 ] L B
10 0 § 145 & ]
o T ol b ]
C . |: ] | ) _
1 = VEFﬁP-ZIiM ‘ O BES m Crystal Ball -
N == exclusive data M2 4 PLUTO .
0 | | [ EAN RN ‘ I\\F_I_T‘I' I N I | | I I | | | | | I I | | I | | I | | I I |
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Vs (GeV)
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R L d3] tc JOdzdets ddgg v dzd 2 daC

1C1 2]

CMD2 |F |* 118
: : : : : CMD2 ' 't 65
........................... ................. :. A e 4 ....................... ........................ 4 CMD2 n+rn 96

’ ’ ' £ : CMD2 1+ n° 19
CMD2 K*K™ 21
2 - : e R BN el CMD2K'K' 21
10 : : £ b : CMD2 K°K- 66

: : e : : % CMD2ny 84

: : ‘ i [1 CMD2r’y—3y 51
- .9 PAy ... A CMD27r'r 6

: ; ‘ ' =l CMD2nlere 19
SND |F |*45
SND ' ' 48
SND rt*rn® 125
SND r*m nn® 35
SND K*K 62
SND K°K" 66
SNDny 95
SND n’y 44
SND '’y 45

10

.........................................................................................

107

—h

I IIIIIII| I IIIIIII| I IIIIIII| L
;
{

O%*p» <

0.4
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*Qﬁ?UJtGdB@adﬂﬁJISSHWS%
tsG)Ho[Guc{SddeJ s otsL 9 te(

Cross sections (nb)

—
o
w

—
o
[3%]

-
o

10"

10

HHM

%S>0 +HO
o)
=
£
:

B 5:".::: +
= -!L;&:::::: 1}:-‘- @

2E (GeV)



OHicdzolL OH © ddHdtclz s
ftod Bdzd ¥ J ded d

N78

K84

B85
MD90
EJ95
DH97
A97
DEMZ03
HO04 )
DHMYZ10 SR
HLMNT11 -
DHMZ11 -

DHMZ17 ‘

J17 o

G69

650 660 670 680 690 700 710

a,(Had,LO) x 10°

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

al " TO[I17]) = (688.07 = 4.14) x 107 (0.60%).



[5G ON j dzS t5

O HictsdzlZ& &ZOH o Mdzj HIZE N
f SteWHGE On

Al € dZzOH 9o lststotsc

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

Al C ZOH ©OMMjwdzdY Mo jls® O Mo ylsy
u.ﬁad;LBL[GIH.sgnw] = (10.5 £ 2.6) x 1071,

a" T EBLN] = (11.6 £ 4.0) x 10717,

i

al " EBLINMV] = (13.6 £2.5) x 10717,

I

{0

altEBL = (9.545(6.468 + 1.487 + 1.590] + 1.240 + )

) 0,755[0.189 + 0.519 + 0.0 :I:[] 71 + ar. fi.f1)
vtsydztsmls ¢ o' ydmdzj dedw 4 ISI]?%[ ) 017 —[g:zg 0.120 +  (ag. fo.f})

(
(
. (
ftededzdL dilsj dz' dets tcOo dzO Isylspk dets fiyrls @[)22+0002 $0.01+ (f5fodhas)
o ydmdzj dzd W zd H A telzs h j G 150086 ZOH O. (
293+ 0.4 + (
0.3+ 0.2) x 1071 (
= (10.34 +2.88) x 10710,

7w — loop)
quark — loop)
NLO)
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YO 0 Qb Qi QoiQon @ YO
a, (SM) = 116 591 821 (45) = 107" (0.39 ppm).
a,(F821) = 116 592 089 (63) x 107 (0.54 ppm).
Aa, = a,(E821) — a,(SM) = (268 £ 77) x 107" (3.50).

ltod dMf sdz' L ts9 Odzd d Omi s claiZE ¢AEBIPYQ s sd tolz j |
i3 Y HEZ 3.5 d 4.3 MlsOdzH Otelsdz’ = s
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stsydetsmis! dw d3d tej dzd ?

HAD-LBL

HAD-NNLO

HAD-NLO

HAD-LO

Ew4

EW2

QED10

QED8

QED6

QED4

QED2

11
au><10
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s | F2

CCMmY j tedd3j dzlsOdz! dg" 2 T d3d di8Bte
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: sy
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1 - vacuum chamber
2 - drift chamber

3 - Z-chamber

4 - main solenoid

5 - compensating magnet 9 - iron yoke

6 - BGO endcap calorimeter 10 - storage ring lenses
7 - Csl barrel calorimeter

8 - muon range system

RCA
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1 OOdijlster Hjlj SISt

Cplp. %
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g KoopaunatHoe paspelieHie, MM
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1 OOdijlster Hjlj SISt
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\ OB tste H Odzdz =

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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Logashenko |I. Measurement of 2 cross section at CMD3

Measurement of ¢ “cross-section

1. Select final state with 2 back-to-back
charged particles
Cuts: B hYRhY de
Fiducial volume:
g 9 (“ gl)h g 8PP
2. ldentifyQQH “ K * andbackground

3. Use nNmastero for mul a:

. o ., P 1 )
o e
, ¥
o L “ Ta .
LQQ O ) H(p .—) o)

-A Bor n osection@sQs © ©, point-like pions;| - radiative correction;
- - detection efficiency (not including acceptance)



Logashenko |I. Measurement of 2 cross section at CMD3

SeparationofQQH * H *
Selected event sample consists of Q Q i * H “ 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:

A using energy deposition (i 1@ GeV)
1D [ [ 0 "Q(O ho )] 0
h h h
A using momentum (T T@® cGeV)

i D i[ cs"g(nm)] ;
h h h

sign reflects energy deposition and momentum of particle with
corresponding charge



[ 560Oh jdCts R. J . CCffjtedds delsOdz dzr 2 fyj kg dedVte R C A

ltedagd e tOMY tod H J dzJ

f o dzJ ectsor HJ dzj dzd & s dif zdz Mkiz

200

P., MeV/c

300 |

180

160

200'*f;;5

140

100

120

o R 100 COSMICE. -+
i b T S el e Al B AT L1 L1 [ BT B | 1
0 100 200 300 400 100 120 140 160 180 200 220

E,, MeV P., MeV/c

350 [ 4] 200 [ 4]
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[ftojH | dtj=h(dil OC IststcO

Noyr (1 + Oee) Eee + U (1 + 5;5;::)

= Ay,

Nee + I\’ﬁm o8 - (14 6zr) (1 = AH) (1 —Ap)er
AT?T?T
Nee + Ny

AGB i Born cross-section (F- =1)

IS measured, other values are calculated:

Al'i radiative correction

AUi reconstruction efficiency

A, i correction for nuclear interactions

Aoy, 7 correction for decay in flight

Aq:bg i correction for e+e-- 3" ,4" ,2K background
Ao, T correction for E*2 E- correlation
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{ OHdOydosdzdz | f s5Y to(

N E e'e— e'e —_— ~ ete - utu” —_— -~ T e'e— T —
. . w H s s og‘ : : g ,é‘ : ) s :
AJ r 'I-l_ q fr] dZJ- dzq J- ot ~@- with resolution - ';-.-Mlhmsduﬁon = ‘E-.-vmhr;soubn
-l-g O H q O u C{ -B dzdzr 1.o5|_§ S fesnesiie 1,o5|.§ AR 1.05}: Gocdigmuinaaiad
= no : -§ no : ion :
ftsf tcOo 5§
SR (SO N IO i , i N -5 S S cessssust
ftcseo sH d dzts )
f sdgtsh 4 8 i ¢ N (O
] ] 0.95 0.95) 095|. ......... . .......... ..........
GJ dz] cOIststc O s g g R I
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b L, a, aaa E F
-4 S 2 £1.06 oo
r C ‘.....
C 1.04 .
_"; 1.02E T "'°'-=-:n.-c-"'...
C E =
5.5 1E ey +
L 0.93: - i .-..I...' iJIIMIIIIIII Sy
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S

] sftcOo GO dzgO + WWJ SIsde
o S sdzmistczE ydd

o 1.02
(]

~ [
All selected final states produce O ot ‘
very similar signal in the drift [ '

chamber. 1“

0.99 RIS SN (B0 e L O

In the first order, the reconstruction } }lﬂ ( }
efficiency is cancelled out from the 098 oy e -

K Ii

Jeseessssacsensansdussaccanrnciocsandentancansenstnenade

formfactor calculation 5 } ‘ ]]

Due to drift chamber malfunction, =
the correction for reconstruction 0.95}
efficiency reach up to 4% percent ; | | | i | i

for 1998 data set. 0.94 400 600 800 1000 1200 1400
Energy, MeV

Measured ratio U /()
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wdMmlsj GO YjMSOW Istsyc

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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{ 4 Lizdz! IsOIs dsusdgdaesjdagpdizg
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dtcOodzj dedJ M Htlze d d3d
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g tc Oo dzj dzd J
BES-IIl d KLOE

CCMmYf jtodd3j delsOdz! dzr 2 MJj dsd dd&bte R C A

HiclzGc d d&3d

|F FIFit{CMD2)-1

—— KLOEO08

i o

[F_[/FiyCMD2)-1

BESIII

IF F/Fit(CMD2)-1

—— KLOE10

. % }HH?} -
[ i

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

IF F/Fit(CMD2)-1

—— KLOE12

H@Hﬂ{ﬁ%{iﬂf ﬁf%* 5{
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dtcOodej dzady M Htclzce d d3d
BABAR

o ]
i W " W ity L
: || J # "-n.;' i |I||l|||\||||!'!I HJHH |
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gtcOQodz) dzdj ¢ dzOH TS9O

- . before CMD2 3
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- SND - e cMD2
= " KLOE 08 3
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CCMmY j tedd3sj dzlsOdz! dg" 2 fj osd d&&®te R (C A

RL a3 toJ dzd J

a3

sd3j dzls O d3b

O dzts &3O dz! dz
s dzO

S (



[ 560Oh jdCts R. J . CCffjteqdds dels Oz dzr 2 fyj kg dlde R C A

RiNsstedV dzOYOd&zOf: ¢

Danb Field Farley Picasso _Krienen

Baile Hughes Combley

1 OBt HOdzdz" = d2OYyOdznw © 1997 cEwHEz. [Aakse
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Experimental technique since CERN-II

a =921
-
2 B
Polarized Make a pion beam, then select highest energy
muons muons from parity violating p- m  4,deqay

A 4

Precession in
uniform B-field

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

possible.
Measure muon In parity violating decay m- e+ A N
spin direction the positron is preferentially emitted in the muon

Vs time spin direction
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Muon g-2: Muon Production

Proton bunch Pions

3.11 GeV/c
Target

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

A The pions are then collected and
sent towards the delivery ring
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Muon g-2: Muon Production

Proton bunch Pions Iu
q ——
3.11 GeV/c

Target

A In the delivery ring, pions decay
Into negative helicity €+

Sy W+' Sp+
— G
— @

Puv Pu+

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

Oforo 29.3

A Momentum of selected £* centred _ e . 1 L

on 3.09 GeV (0 =29.3)to reduce  “°~ ¢ [%B %73 (8 x E)]
E-field effects:



Muon g-2: Storing Muons

_)
Proton bunch Pions Iu Inflector
3.11 GeV/c

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

A 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
A Storage ring: 14 m diameter Injection orbit

toroidal C-magnet with 1.45 T field

A Inflector magnet nullifies the
storage ring field for incoming
muons

A Muons that pass through the
Inflector are off central orbit




Muon g-2: Storing Muons

Proton bunch Inflector

Injection orbit

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

A Inflector magnet nullifies the
storage ring field for incoming
muons

Central orbit ,
Kicker

magnets

A Muons that pass through the
Inflector are off central orbit

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

Proton bunch

Pions 19’

Target

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

A Inflector magnet nullifies the
storage ring field for incoming
muons

A Muons that pass through the
Inflector are off central orbit

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

A Muons focused vertically with
electrostatic quadrupoles

Inflector

Electric Quadrupoles



Logashenko Ivan

Layout of BNL experiment

\ E821 beam line and muon storage ring
\\ V -line FEB transport
S\ ——
\.\ 24 GeV Protons
\ ,
k@ 6 x 10" protons / spill V - target station
e
- Vl heam ]il‘le T[, IJ. SElectiﬂn S]itS

~10* M stored



Logashenko Ivan

Measuring

AAbsolute calibration from
spherical water probe

2 times a season
AField inside the vacuum

chamber measured using 17 wedge| picce .
probes mounted o 3139 @_jroulmlr
Every few days Leam. coils

field (and stabilization via
feedback) using ~150 fixed
probes above and below the

vacuum chamber
All time

AConstant monitoring of the tube =y .

inner coil

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



Logashenko Ivan

Field map, BNL experiment

o

>

Contours are ppm o
T, —

o

|_

(=

Average field, seen by muons



[5G ON j dzS t5

vtsydztsmlis

R. I . CCffjteddsj dels Oz dzr 2 fyj kg ddflte R C A

gL d3sd o dad v

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,

O



Logashenko Ivan

Measuring

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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{ J SBdzmistez S ydw H Odzdz -

Al Mdes o dzOW L OH Oy O 1tsif e defy l6A4¢ HA{ 4 d ¢ toj d3 dzd !
mMdmilsj d@zOIsd yJ Me¢ 2§ fieEhuetatg)ls: & 20

Alted 3w d 1 dzgjtecdY BwiHjdzveslshy fm §siksh!
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