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Uncertainties from the Beam

® Because we have two detectors, beam uncertainties
are “second order:”

Nfar = RFN N

near
where

Ry Is extrapolation factor

N, .. IS measured flux in near detector.

® Two ways of handling beam uncertainties:
»Input distortions in Ry, see what happens

(“blindsided” experiment)
»Uncertainties added as systematics in Ry
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Look at Many “Experiments”

® A MINOS “experiment” consists of 3 parts:
1)Spectrum measured in near detector

2)Spectrum measured in far detector
3)Monte Carlo extrapolation Ry to predict far spectrum

® Far spectrum compared to prediction LI oscillations?

Simulate MINQOS experiments with 10 kt-yr. exposure.
»Generate using different hadron production models.

Always extrapolate near — far using R, calculated
with Geant/FLUKA.
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Extrapolating to the Far Detector
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® Largest variations in high energy tail.

® Still ~2% variations for E, < 6 GeV! (no hose)
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How Bad Could 1t Be?

® For most Am?, distortions won’t produce oscillation-like signals. ® Agreement
® Accurate spectrum prediction for best parameter determination.
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® Probability of getting 60

P(X2)<10% is 10, 54, 43, s |/ |
or 97% for different o Ei
models (no hose). 0 Ff

® With hose on, it’s always
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® Deliberately

fit to “wrong™o2 L,

models.

® Input no osc.
Into exp’ts.

® Ask how
many 1
experiments
have

Get False Signals?
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A x? = x?(no osc. fit) - x?(best osc. fit) > 16

For BMPT, MARS, Malensek it’s 3%, 2%,13% (no hose)
<0.5% (with hose).
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Sensitivity Curves

Hose
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Am? = 0.001 eV?
sin2 (26) = 0.75

® Increase in# of exp’ts g s 3

with “4 o effect” with

hose shows 25% more g+l
0 0.2 04 08 0B 1
sin®(29)

statistics important.

Smaller drop in “40 *
exp’ts” when <52l
systematics included =

shows systematics are 5 1o
Important.
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Improved Oscillation Fits
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Fit Resolutions
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Are We Sensitive to New Physics?

: PH2LE
® Only way to confirm v - : 30 kt
. . . d 1500 - v Decay Model o -yr.
v_ oscillations is to verlfymm . No Oscillations
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New Physics (11)

® Barbierietal., v,’s 1500 - |_r Extra Dimension Model @

- - H - [ No Oscillations
oscillate with Kaluza- 1000 + [*_-® A2 = 0,002 V2
Klein states that live in sco | 5 s
extra dimensions: L T T R TR i i R

2
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P907 would also reduce
uncertainties in v flux.

We considered three
prototypes:

»“perfect” P907

»“low statistics” (108 POT)

»“high statistics” (107 POT)
Perfect case equivalent to
doing fits with no systematic
error incorporated in fits.

We did analyses in a way that
slightly oversells P907’s
performance (assume full map

of p,p; space).

A (eV?)
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PO07 Effect on Limits
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® A“P907” with 107 POT is essentially “perfect” (if it

really mapped out all of p, p;)
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P90/ Effect on Parameters
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® Pretty hard to see much difference in these plots,

possible residual effects of statistics with the hose.
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P907 and New Physics

70

Extra Dimensions o E | :
el T 58
® We considered only the 3P0Hk2tl__yEr. |
“perfect P907” case here. s AEY
® Equivalent to fits with no 1° E nﬂ I
systematic uncertainties. ? =2 0 20 40

Neutrino Decay

® Hose is still better for some
models.
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U, - U, Oscillations

. PH2LE

=

i
® Hose focuses muons as ;10 - m ﬁ_
well as pions. o T 3
W L 12 b :
® Beamu,rateupby 8 [ . Vet 1 om £ e+ 4t 4
~ X2. m"'!_.(i|1.*.‘|ﬂ—f.'lﬁ' |:.q_|||
0 = 10 15 20 o 5 10 15 20

® Could limit = (GeV) i

.. . 1[:2:_""I"'I""I 0.05 :""I""I""IIIII
sensitivity for U? s | MHELE HH_ o b PHRLE-HH
® Note that v, rate 51 ﬁ T E 008 :
increased by 1.3 in E | 7 oo - 1[ :
peak. o' L T
1.3'1- ....|....|....|...|.:

Sacha Kopp, Hadron Hose Review




® Beam v, contamination X 2,

=
[1F]
® Dominant u, backgrounds: ©
»Neutral current events. >10
»Beam v, §
» U, charged current. g
® Non-trivial to model the Em :

neutral current background.

v, Backgrounds

10
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20
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||||||I TII_.I.l"'l"'EF
v, ¥,
= hal..rIrElI[:urrar-t
- Lidrgad Gurram =

Erafmv

VoV




U, - U, Oscillations (cont’d)

YuVe PH2LE

® Increase v, flux by 1.3
® Background goes up by 10 f

1.3 - 2.0 (dep. on source) '
® Our “sensitivity”

signal/vbackground 3
almost unchanged “Em 3|

® Change in sin?0,, reach :
negligible: 1.6 x102 @ [ SO €1 (PLGLE
Am? = 0.003 eV=2.

| — 90% C.L. (PH2LE-HH)
----- 99% C.L. (PH2LE-HH)

10
10" 107 10

sinzlELm
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If Assume ldeal Efficiencies

Vi Ve PHoLE

® Even if suppose we were
perfectly able to reject NC -
backgrounds, hose would :
not hurt too much.

T

e -
- - -

® signal/vbackground 3
almost unchanged o,

® Change in sin2,, reach '
3.5x103 - 3.0 x10°3 | — 90% C.L. (PH2LE)

- 99% C.L. (PH2LE) B S

| — 90% C.L. (PH2LE-HH)
----- 99% C.L. (PH2LE-HH)

10 -
107 107~ 10 1
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If we had a v, signal...
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Relaxing Other Tolerances

® Increased focusing of hose means horn tolerances less

stringent: 1.15

—
o
_';Ln_'.

(F/N)/(F/N)nominal

<
o
o o

050

- solid 2mm horn T ]

— dashed Z2mm horn’ H8§§ 8];1f

B _ | _i i B [jj_:i Mo =

e el =T _I_ﬁ—l_l___l m— m

_I 1 1 | 1 11 | 1 11 | L 1 1 | 1 11 | 1 1 1 | 1 1 1 | 1 11 | | | | 111

oz 4 &5 2 10 12 14 16 1& 20
E, (GeV)

® Horn Current variation: +1.0% - #1.5%;
Eccentricity Horn 1 in. conductor: 0.08 mm — 0.10 mm
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Conclusions

® 25% more flux does affect ultimate sensitivity.

® Hadronic production systematics affect sensitivity,
even for 10 kt-yr. exposures of MINOS.

® Systematics will be ultimate limitation to a long

(~ 4-6 year) run of MINOS

»Limits possible observation of “new physics”
»Limits our ultimate “reach”

® Comparison to P907 experiment
»Both do a good job correcting hadronic production uncertainties.
»Hose increases statistics, P907 does not
[1 slightly better sensitivity with hose
»Hose decreases sensitivity to inputs, P907 better measures inputs
-- Good to have both.
»Hose important for other beam-related tolerances

Hose only slightly decreases sensitivity of v, search.
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