Status of the New g-2
Experiment at
Fermilab g @2

Mandy Rominsky




What is g-27

* Magnetic moments: Fundamental property of a
particle

* The spin and magnetic moment are related by:

H=g (i)§
"\2m/

* Predicted to be 2, but found experimentally to be > 2
* Radiative corrections

* Sensitive at the sub-ppm level to new physics

* Muons more sensitive because of mass
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Tracking in g-2

* Deviations from uniform circular motion lead to ppm
level corrections to the precession frequency

* Need a clear picture of the muon beam to correct for
these effects

* Constraints: Located in vacuum, minimal impact on B
field
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g-2 Tracker Design

* Mylar straws metalized with Al on outside
and Au/Al on the 1nside.

* U-V doublet planes — 7.5 degrees from
vertical

* Inside the vacuum (10 Torr)
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* Al manifold,
endpieces

e Electronics on
board

Straw tracker mounted on
motion table, could scan
across straws
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Conclusions

* The ring has arrived at Fermilab and our building 1s almost
complete

* The detector group is busy testing and finalizing designs for
the new detectors
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Looking forward to presenting results in (9]
the near future!
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g-2: Theory Work

* Much progress has been made since the difference between
theory and experiment was first shown by the BNL g-2
experiment

* The two largest uncertainties in the theory calculation:
* Hadronic Vacuum Polarization
* Hadronic Light by Light

11

CONTRIBUTION REsuLT IN 10™° UNITS
QED (leptons) 11 6584 718.09 + 0.14 £ 0.04,
—> HVP(lo) 6 908 @ 19;aa + Toa e
HVP(ho) ~979 + 0.9exp + o‘g
—> HLxL 101%
EW 152 +2+1
Total SM 116 591 785 4+ 51

*Courtesy E. De Rafael, arXiv 0809.3025
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g-2: Theory Work

* Hadronic Vacuum Polarization (LO)
* Current uncertainty 1s ~ 0.5% (from experiments)

* Additional data from VEPP-2000, BELLE, BES-3

* Development: Lattice already at 5%
* In 5 years, expecting to reduce this error to ~ 1-2%
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g-2: Theory Work

- Hadronic Light by Light
 Current uncertainty is about ~ 25% (from models)
* Development: Lattice initiatives targeting HLBL
* In 5 years, possibly reduce this uncertainty to ~ 10%

 Up to now, this 1s all theoretical work, now able to
experimentally verify some models
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Results from BNL E821

Final result: BNL au(exp) = 116 592 080(63) x 10-!!
Total statistical uncertainty: 0.46 ppm
Total systematic uncertiainty: 0.28 ppm
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New idea — Storage Rings

 Nature allows us to exploit certain properties

* Can measure a, directly using cyclotron frequency and Larmor
precession frequency
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Vertical confinement

* One problem with storage rings — How do you confine the
muons?

* Apply an electric field, which modfies this equation:

- e - | - o
By = - [auB— (ay—yz_l)(BxE)]

 Great, now we have a more complicated measurement

* But we have another trick up our sleeves: “magic momentum”

* By choosing the “magic momentum”, the coefficient in front of
the E — field vanishes

y=29.3,p,=3.09 GeV/c




Theoretical Calculation

* Break the Standard Model prediction into components:

SM OFED Weak Had
a,” =a, +a, +a,
QED: EW : Had :
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SM Prediction: a > = 116 591 802 (49) x 10°!!




Theoretical Calculation

* Normally the Hadronic part 1s broken up into 3 pieces:
* Hadronic Vacuum polarizations (LO)

* HVP (Higher order)
* Hadronic Light by Light

asED =(11 658 471.809+0.015)x107"°
azad =(693.0+4.9)x107"
a;veak =(15.4+0.2)x107"°

LO vacuum polarization : 692.3 +4.2

HO vacuum polarization : -9.8 + 0.1
LBL : 10.5+£2.6




Theoretical vs Experimental
Values

*a,%P=116592 089 (63) x 10!
* Most recent result from BNL
*a P -a M =287(80)x 10" > >30
* Note this is larger than the EW contribution!
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JN 09 (e*e -based)
—299 = 65 —e—

DHMZ 10 (t-based)
195+ 54 —aA—

DHMZ 10 (e*e")
—287 +49 —e—

HLMNT 11 (e*e")
—261+49 —e—

BNL-E821 (world average) :
0+63 l
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