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ve Scattering: Cross-Sections Il

Sensistivity to sin? Ay
do/dsin’y, vs y,, E,=50 GeV
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e 11" beam, v.e — v,e varies by 0.1%
for dsin’ By ~ 0.0005

e 1~ beam: neutrino flavors summed less sensitive than
flavor-separate case
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ve Scattering: Normalization

pu~ — e vV, Beam Has
Charged-Current Normalization Processes
Vv \Y

;4

e Vit ——
Pv— eu'— Q W \Y ',‘.
e v.e — U U e/\ve in lab frame

ut — e~ v,v. Beam Has None!

x10° Sensitivity vs y ., E =50 GeV

e Sensitivity for an integral analysis ¥ > Ycut
e Normalizable beam is much less sensitive

e Remember: u* beam, v.e — v.e varies by
0.1% for ésin® Oy ~ 0.0005
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ve Scattering: Backgrounds II

Quasi-Elastic v, Scattering

e p; separation

> O'Q_Ff/gue o
> Signal p; ~ m.E, & mi
(reaction @ beam)

+ p; Resolution in Li Ar (ICARUS) ~ 400 MeV
x cf: E, ~ 30 GeV = p{® = 200 MeV

> Background p, ~ my

Approximate ve Scattering Signal/Background ratio
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p~ — v, and ¢ /e important!
> Background very well measured (high p;)
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FIG. 2 Distribution of Q?=£.E,8 for cvenls with
Euan= [ GeV. The 1, cvents arc shown by solid circles.
The @, events, scaled up by the relative v, to 7, flux, are shown
by the solid lime.

Statistical subtraction possible but painful
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11

Take detector as a iitg‘a_liai argon it

e Vary depth and radius
e Start of detector is 40 meter baseline

e 50 GeV p~ beam, 10%° 4, 800 meter straight section

Radius | Depth | Tons | g/cm? | ve~ Events, E, > 3GeV
10cm | 10 m | 0.43 | 1400 3.2 x 10°
20cm | 10m | 1.9 | 1400 7.5 x 10°
50cm | 10 m | 10 | 1400 2.0 x 108
10 cm | 100 m| 4.3 | 14000 1.8 x 106
20 cm [100 m| 19 | 14000 6.0 x 10°
50 em | 100 m | 100 | 14000 1.9 x 107
0em | 30m | 33 | 4200 6.4 x 10°
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ve Scattering: Statistics 11

x 102 ve~ Secattering, 8sin*%,=0.0001

dN/dE, (/GeV)
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1. ve~ Scattering:
Theoretically Clean, Experimentally Hard

Sensitive beam to sin? 8w (u) is hard to normalize

Backgrounds are a concern

Requires a dedicatedu ectof
a must

dsin® @y A 0.0002 is '} Jbably achievable
o 102{ ,ffmons for dsin® 9;%{ 0.00017
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vN sin? 0y Measurement at Present

e Charm Production = Need techniques insensitive to Sea
Quarks

Paschos-Wolfenstein: R~ = %:%cﬁjazfg = p? (3 - sin® Oy

Minimize sea quark contributions.

e Clever beam design = Minimize uncertainties in N, by
reducing neutral secondary contents, such as K,

But =

o Still needed to understand the v beam from the secon-
daries well.

e Statistical uncertainty dominates.

e Relies on statistical separation of NC and CC events
based on longitudinal energy deposition in the calorime-
ter (“event length”).

e Radiative correction a rather large theoretical uncertain-
ty.




Jae Yu, Precision sin® 8y Measurement at a v-Factory

Experimental Technique

Indistinguishable NC events prohibits R~ Style measure-

ments = But we could measure R() Style

Linear combinations of Llewellyn-Smith ratios:

For V,Ve beam
Ru' U(Vu:NC) +0'(7/-3,NC) RV"'QTRV
" o, CC)+0(7,CC)  l+gr

For v,7, beam

. (7, NC)+0(v,,NC) R, +g7'rR;,

Bt -
g o(7,,CC) +a(v,, e, 1 +g7r
where,
o(7,CC)
r= ~ (0.5
o(v,CC)
and

[ ®(By)EydE;, [®(E,)E,dE,,

= TO(E, B, dE, ~ [¥(E5, B, 5,
the energy—welghted ﬂux ratlo between v, and v,

(1)

(2)

The above assumes lepton universality and no beam polar-

1zation
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Uncertainty Comparisons

For E, = 50GeV and 10*y-decays/yr, 40m straight section, on a 1m
long CCD (iso-scalar) target would yield ~ 30 Mevents/yr, assuming
100% fiducial coverage

SOURCE of UNCERTAIN' NuTeV

Data Statistics 0.0019 ~3.5 x 1(
v Mux | 0.00045 Irrelevant
Transverse Vertex 0.0004 negl.
Energy Measurement
Energy Seale | 0.00049 negl.
Muon Energy Loss in Shower |  0.00012 negl.
Energy Resolution |  0.00006 negl.
Primary lepton ID |  N.A. negl.?
Event Length Irrelevant
Hadron Shower Length |  0.00022
Counter Fiducial Size |  0.00024
Counter Efficiency & Noise | 0.00011
Vertex Determination 0.00012
TOTAL EXP. SYST. 0.00078 oF
Charm , 3
(me = 1.31 £ 0.24 GeV) negl. aegld 0, 0004
Higher Twist |  0.0001 negl.?
Longitudinal Cross-Section |  0.00004 negl.
Charm Sea, (£100%) |  0.00002 negl.
Non-lIsoscalar Target |  0.00017 0 (D, Target
9 x 10~% (CCD + Al Circuit)
Strueture Functions 0.0001 axgl, <o.o00)
Rad. Corrections 0.00051 < 0.0005
a”/o” | _0.00021 negl.
CS MODEL ~(0.00069 < O.W




Conclusions

It is very feasible to achieve AM,,<30MeV,
thanks to high neutrino flux
— Add valuable information to understanding SM
— Contribute significantly to LHC's Higgs search

Charm production uncertainty seems to be
controllable but need improvements in
measurement systematics

Better study on radiative correction error
Better understanding of the different techniques

Particle ID can be under control but it's time to
use more realistic tools for more detailed
estimate (eg. ° production rate)

Trigger capability in the target is important not
only for P-ID but also due to pile up events in the
calorimeter.

Need to input this measurement’s requirement
into a detector design |
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) CKM Parameters
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0.9342 - 0.9357% 0.219-0.226 0.002-0.005 \*“
IV | =] 0.219 = 0.225  03134-0.934 0.03% -0.043 |c
0.084 - 0.014 0.035-0.043 0.9990-0.9993 [+

CKhM

with 3-family unitarity!

0.9322-0.9348  0.216-0.223
IV 1 =]0.199-0.233 0.384-0.976
CKM
0.0 ~0.09 0 -0.55

without 3-family unitarity!
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O theoretical uncertainties?

17

o actually measure ratios |V(cd)/V(ud)|

uncertainties in PDF’s drop out

) threshold suppression

Lab for a‘.uc\[i,{y stud
central challenge

involves nonperturb. definit. of quark mass

* 66 6 of e 66 in decays

could use [V(cs)| and |V(cb)| as calibrators!
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Neutrino Charm Factory: By-Products

Heavy Flavor Production vs E,
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e Charm Production averages ~ 3% of cross-section
e Bottom Production not accessible at 50 GeV

> precise measure of |Vy| at high E,? (B. King)
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& D. Flarrid

e D" — D" is a clean signature of
new physics if seen above 107° level

e e*e” and Fixed Target currently at fewx 10~ level
(BaBar estimates fewl0™ sensitivity with years at
design luminosity)

> Stuck on systematics/backgrounds

> Reconstructed flavor from D' — K 7+
(but D° — K*7~ is 1% of this rate)

> Proper lifetime analysis required to get below 10~

One idea for L Mixing in a Neutrino
Factory Beam: -
£ : v ke
e High momentum lepton is tag <

£ : k dJs
e Measure (inclusive) second lepton charge

> about 30% from neutral D mesons
> 10% efficient, assuming only e* useful

+ There is a fewx 10~2 background from light meson decays
in showers for the case of muons

> probe 5 x 106 DY decays
o - mixing gives £ £ arm*

tag

> vs dominant £33 am
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New Signal vs Background exp2
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