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in cearch of

Precision Measuremenis

Scfvuae wilthh & -;g

1. Anatomy of one High Energy Neutrino Experiment
2. NuTeV and Future Accelerator v Experiments

3. Precision Measurements

e Old Puzzles

4. Searches for “Neu” Physics

5. Conclusions
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NuTeV Experiment

SSQT sign Se\ected Quadrupole Train
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Fidueial Volume: 390 tons

e Separated v, 7, beams (~ 107 purity)
¢ 1072 v, /7., known to few %
e Final state 1, hadronic energy

e 3.2 x 10'® protons at 800 GeV on target

> ~ 2 x 10° fiducial events
> (F,) ~ 100 GeV
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How can we serve you?

V W V U
Y Y
Suppressed by No suppression
2

q(z) = q(§ = x+%§*)

(“Slow rescaling”)

Vv 1y
ec— utX
W = Two muon final state
W /H+ e ~ 0.5% of NuTeV events

e Sign-selected beam tags
leptonic side of event

{d%charm} B G2ME, (_ m? )
dedy |;p 71+ Q2?/ Mg )2 OIME,¢

{&d(&,17) [Vaal” + €s(&,17) |Ves|” }
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e Topology hlghlyidlstlinctlvew

o I, > 3 GeV with high efficiency

Eigible distributions

Low Esple Sensitive to charm suppression
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vylN — p~cX (cont'd)

0.18 [ —  CTEQ4LO strange seo
’ H\: -~ " GRV94 LO strange sea

_ - CCFR LO strange seo

0.16 n " NuTeV LO strange seo
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Strange sea has been consistently measured to
be ~ 40% of the non-strange sea.

2[/xs(x)
[(u(z) + d(z))
K, = 0.402 £ 0.092 £ 0.033 (s(x))
Ky = 0.439 + 0.067 + 0.058 (s(z))

s-5 asymmetry is small.

K =
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How can we serve you?

oc— utX
=> Single muon final state

e Sign-selected beam
= Muon has wrong charge!

Backgrounds

7 in v beam (~ 1077, low E,)

Charged-current charm

jet

v,
- Y« Meson decay (soft E,)
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vIN — veeX (cont'd)

Wrong Charge Muons (117 ) in 7 Beam

7 — vceX highly suppressed
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Sample is well-measured, little neutral-current charm

e However, pp — ccX, ¢ — v,u™X in BEAM is
uncertain

e Measure in this sample!
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- —+ datao
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i | 1 - Och er
C B NC Charm
40 :— o +
30 ; E-. ',_I—I_::|==|__I——|
20 } ‘|‘_\_‘i ..... +
10 } """"""
T B s SOt S
(o] 0.1 0.2 0.3 O.4 0.5 0.6 0.7 0.8 0.9 1
y = Hadronic/Total Energy
Backgrounds:

e Beam checked at low y

e Muon loss or misidentification is dominant background

o At < E, >= 154 GeV, (BR(c — 1£)=9.9%)
o(vN — veeX) 3
=(2.14+1.6 10
o(vN — u=X) ( )
Conclusions:

e Physics backgrounds to v, <+ 7,
at few 10~ level in high energy beam
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Data/Theory
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Old Puzzles (cont'd)

d2 0.1/ d2 0.7

+ d 7
dxdy dzdy

— 1 —
auE - YTV )
2
+(y — %)AfﬂF?)

Fy

o AuFs=aF) —xF] =2z(s+5—c—¢)

e Previous CCFR analysis:
Extract Fy(m. = 0) with AzF5, R constraints

o \lodel Independent Analysis of CCFR data:
Fit for R, Az F3

1.4 T T T T 0.5
R= 0.385, AxF3/2=0.141
3 4 2
L9 [ x=0.015 Q2=1.26 ] 04| Q°=7.9 ]
1.2 4 A
xF3(LO
O /e_r:n 03 ( ) ]
w
~ 1.1 4
o L a
1o AxF3 term B 0.2 R(World)
oo Lo L L L L 0.0 Il PR R | Il PRI R
0.0 0.2 0.4 0.6 0.8 1.0 0.01 0.02 0.05 0.10 0.20 0.50 1.00
€ X

> Extract Fy(m,. # 0)

> Extract also Az F3 at z < 0.1

> Take R from external data

> NLO calculations to predict F5'/Fy
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Old Puzzles (cont'd)

5/ Fy', Data/Theory
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L [} ] L ]

12} 'y i . 12 [} =
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s ]  x = 0.015 ]
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TR-VFS (MRST99) [1=Q]
ACOT—VFS (CTEQ4HQ) [n=ACDT]
FFS (GRV94) [u=2mc]

m NMC 0 BCDMS ¢ SLAC

o CCFR/NMC F; ratio well described by NLO theory

e CCFR F) now extracted without
Ax F3 prediction, charm mass correction

e Global fits should use revised CCFR F5 for Tevatron,
LHC predictions
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‘; New Puzzles: Electroweak Data

e Several discrepant Z° measurements

Precision (A, of A
b Uh d 1 6)
DEIectGroweaI?I can be interpretedaasmlrlS
1 . k
s Gty T
Model Well. . ® Off Z-pole, updated
BUT measurements indicate 2.50
discrepency
iy <
w
. Y
oo T WIII\II \II\IIIII\IIHI\IIHI
T

A1

Short (NC) Events Long (CC) Events Ry = Short/Long
v 386K 919K 0.4198 £ 0.0008 (stat)
1% 88.7K 210K 0.4215 £ 0.0017(stat)
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New Puzzles: PRELIMINARY NuTeV

sin® Oy

NuTeV measures:

(on—shell)
sin® By =
0.2253 + 0.0019(stat) 4 0. OOlO(syst)
. 9 ,(on—shell) __ Mnﬁ e The most precise ¥/N measure-
11 HW =1-— 5 ..
My ment of the weak mixing angle
80.360 +/- 0.370 | o | UA2 e Precision comparable to collider
80.433 +/- 0.079 o CDF* measurements ..
80.482 +/- 0.091 e DO*
80.449 +/- 0.065 m ALEPH*
80.308 +/- 0.091 o DELPHI*
80.353 +/- 0.088 L3 .
80.446 +/- 0.064 e OPAL* ~§ st I Myvs M, 68% Confidence Regions
>
e
80.419 +/- 0.038 LY World Average  =eo.

80.26 +/- 0.110 o | NuTev*

*: Preliminary

7998011 803 ‘805 807 809
Mw (GeV)

e Global fit indicates preference

FNAL Average

for light Higgs:

> MHiggs:98 :I:gg GeV (CV)
> MHiggs < 235 (95% CL)

79.8 | | | | | | | | | | | | | | | | | \ |
140 160 180 200
Miop (GeV/ c )
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B oX% -~ — ok
R o NC NC

01 cc— 0O 50
.2
= |- — QW)
(2 SI111

2 2 2 2
UL"'dL_uR_dR

NuTeV measurement — constraint on the Z'-quark couplings:

0.4530 — sin? Oy =
0.2277 + 0.0022 =
0.8587u% + 0.8828d% — 1.1657u% — 1.2288d%

9rr=urrt+dLp NuTeV R~ constraint:
—0.0068 £ 0.006 =

+ 1.6134Auyr, + 0.9972Aug
— 2.0631Ad; — 0.5261Adg

0.04

Jri

0.03F

APV constraint:

QW' — Qw")/Qw" =

0.014 4+ 0.006 =

+ 5.1436(Aug + Aug)

082 03 2 oz +0.7729(Adp + Adr) — 2Ag5
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Pure Z/ Exchange

2 2
2n MO_MZ
tan“f = 7 pole data
\/ M’.—Mg

95% Confidence Level Lower Mass Limits on Z

\/
"~

!/ .
Z 22/ Interfere;ce . /= ZXCOSﬂ + Z¢Sznﬂ
7 X v 12
—~ 1400 Zn Zx ZV Z,w
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pT_nemene € | __NuTev 95% CL LL (no mixing)
o mixing=—1C ™[ Rosner APV C.V. (£10)
O L
L £
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-n/2 —7(/4 : 0 /4 ' ‘n/2

B
mZ, > 675 GeV at 95% CL  (mixing=-10"3) Rosner hep-ph/9907524 g
mZ, > 380 GeV at 95% CL (mixing=-1073) Casalbuoni, et al. hep-ph/0001215
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Recycling
an old idea. ..

e Massive detector for v interactions

e Upstream targetless detector
for v (or N°) decay

4
wtﬁ Drift Drift Drit
§ ~ a Chamber Chamber Chambers
N[O~ I R S e A B
Bearn\ ——s s e T e e - - . __
line. =3
Hsglém Helium Bag Helium Bag Helium Bag Lab E Detector

-

Cartoon of V' — 7 /1~ Decay

e Neutrino detector provides particle ID for
1 above ~ 3 GeV, 7% and e* above ~ 5 GeV

e Backgrounds very low

> v interactions in chambers: ~ 300, 15 two-track
> Expected » in helium: ~ 10, 0.5 two track

> Neutral punch-through into decay volume very low
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9 | NHL Haiku

W U2 Neutral Heavy L
_ v, sterile weak isosinglets
lj L, mix with neutrinos.
v, I
-~ A e NuTeV could produce in
< ) ) (7« decays of 7%, K, D
Vel \Ve up to 1.9 GeV
Sadly
unobserved %K(ESJHARM s |
at NuTeVin = | o
LY, pev, um, &
Hp
o | ]

0.2 0.3 0.5 0.7 1.0 2.0

Mass of NHL (GeV)

Currently extending search to high mass (mpr > mp,)
(production mechanism unclear)
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New Neutrals (cont'd)

KARMEN time anomaly

e Hypothesis: due to decay at rest of
™t = Q%ut, Q" = efe v with mgo = m+ — mu

At NuTeV:
o I+ ~ 200 GeV so ()" is relativistic
e Look for forward ete™

e Boost gives us high sensitivity to short 70, but fewer
7+ than KARMEN

|
~

@]

© |
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]

PSI excluded
(published)
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I

B(m — uQ°)B(Q° —> visible)
o,
> ©
TTT] T T 1T T \HHH‘ T \H:H T Hl”” . T

—_
—

o New PSI limit
B E815 excluded (preliminary)

o
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ﬁ
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Conclusions

NuTeV is enjoying its datal!

Future: Model independent results,
NLO analysis

e F5' (NMC) vs FY (CCFR) Resolved!
e sin® 0% and Z' limits

Future: NuTeV Structure functions

Future: Increased sin” @y statistics

in cearch of

e Heavy Neutral searches:  mixing
model and Q° a la KARMEN

Future: Examine high mass region
for NHL signal




