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Systematic
Limitations of To understand how best to integrate systematics into BSM searches

BSM Searches -

in Neutrino at next gen. v expts, one starts by examining the challenges faced by
SpaES the current generation - a small sample is chosen for consideration:
Mary Bishai

ELc BSM Searches at Beam Dumps

N

m MiniBooNE DM
m LBNF design and DM
m BSM in COHERENT

BSM in LBL Experiments
= MINOS/MINOS+
= DUNE BSM

BSM with Atmospheric v
m lceCUBE v,
m lceCUBE NSI

Summary
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smookinvex  \[iniBooNE DM Search

Systematic

Limitati f - v event rate in MiniBooNE
Bg“lvll as:;?fhzs Bea m D u m p M Od e decreased by a factor of 50
in Neutrino

in Neutring (Nov 2012 — Sep 2013 1.86x102° POT) | compared to v Mode
xperiments

X
w0 } Decay-in-flight due to
Beam

0~ Y short life time

v
it ¥ Decay-in-flight after
It~ ca get

Thin
Target

MiniBooNE DM Dtczly:in—ﬂighl due 1o
short life time

Beam|

Absorbed or  decay-
at-rest=> reduced neu-
trino flux

Target Decay Pipe Beam Dump

MiniBooNE Detector
i

P -
Be
=% k t t 1
< Los Alamos 50 m 4m 487m
NATIGNAL LABOANTORY DI2018 R.T. Thornton ~ Latest Results from MiniBooNE
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Laboratory

o

MiniBooNE DM

®

HOW®O®NoOUSWNR

*Vacuum Pipe

*MWTGT Al Foils and Wires
*Ti Window

*Al Target Back Plate

*Be Window

*Al Target Base Block

*Be Upstream Fin Locator
*Al Bellows Contact Assembly

. Al Horn
. Be Target, Fins and Outer Tube

*Be Downstream Fin Locator

® ®@p
@

In off-target mode much more detailed simulation of material in
beamline is required.
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BROOKSAEN Systematic Challenges of Beam Dump Expts

Systematic g F
Limitations of g 160~ —+— Data (stat error)
BSM Searches Off-Target meson/POT 2.48 236 8 [
in Neutrino Composition g 140— Voot Average CV
Experimants Air 3.6% 30% © )
P Aluminum 0.2% 0.2% 120 | Vot Nominal Beam Profile (NBP)
Beryllium 0.2% 0.2% O LA | (R— o NBPx16
Concrete 3.6% 4.1% 100~ -
Dolomite 0.1% 0.1% r
Loy Steel 92.3% 92.4% 80—
aborator F
Neutrino Mode meson/POT 2.54 2.51 60—
Composition F
Air 1.7% 1.4% a0
Aluminum 5.3% 5.2% F
Beryllium 29.5% 27.6% 20—
MiniBooNE DM Concrete 28.0% 27.6% r
Dolomite 0.1% 0.2% +mting-
Steel 35.4% 38.0% 08 ! 8 e cevy
MC sources of m+ CCQE predicted vs data

Despite careful material accounting - prediction is 1.6 X /ower than
CCQE data

Movement of proton beam angle within +20 accounts for most of
the discrepancy

Phys.Rev. D98 (2018) no.11, 112004
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MiniBooNE DM

Results

e

No evidence for DM signal

—}— Data (stat error)
Beam Unrelated Big.
Dirt Bkg.

Bl ceector o

—}— Raw Sys. Emor

Events/GeV

Events/bin width

Eventsins

—— 0

= e Ol =221 e, m, = 9720V

onke

. 08
E}, (GeV)

]
Bunch Time (ns)

DM signals would manifest as excess over prediction in NC (quasi)-
elastic (NCE) or NC 7° or v — e scatter
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BROOKSAEN Systematics summary for MB DM Search

Systematic TABLE V. The total unconstrained error broken down by

Limitations of source and distribution. The total constrained error for
BSM Searches NCEos is 6.4% and 11.0% for NCr"og.
in Nelutrlno Distribution  Source unconstrained total uncertainty (%)
ESEEEnES ss  detector total ..
vflux OFde . statistical
section model systematic

Neutrino Mode
CCQE, 5.9 16.2 33 17.6 0.3
NCE, 5.5 12.7 13.6 19.5 0.3
NCz, 7.7 105 10.2 16.5 0.7
Anti-neutrino Mode
CCQE, 5.6 184 9.3 21.4 0.3
NCEz 4.7 16.0 19.7 27.8 04

MiniBooNE DM NC='; 7.0 7.9 14.5 17.9 1
Off-Target
CCQEqg 32.8 17.9 3.0 375 3.2
NCEog 25.9 7.7 7.8 28.2 2.6
NCr%g 26.7 10.0 10.3 30.3 9

Unconstrained uncertainties dominated by flux - but constrained un-
certs dominated by detector,xsec
Control data samples are v. important in reducing systs.

Phys.Rev. D98 (2018) no.11, 112()074’24
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BrookinteN | BNF Beam Design challenges for BSM searches

Systematic

Systen LBNF hadron absorber (beam dump) design at CD1R (2015) was not
'ég“,v'ltas‘:;’r‘jhzz optimized - monitoring of tertiary beam muons difficult. Uniform
in Neutrino absorber design developed in 2017-2018:

Experiments

Ref. Hadron Absorber (RHA)

Non-uniformity, sculpting needed for RD

Uniform Hadron Abs (UHA)
No sculpting, larger uniform masks, larger
core blocks (60”->67"), 1/16” windows on mask
blocks — better for muon measurements

180x103

2105103 -175x10%

240003 2100103

LBNF design and s
2700103
DM

3001103 2805103

“CFD simulation points to temperature reduction
by 40% (89°C) in the optimized design with UHAL,

2015 large gaps and non-uniformity in 2015 LBNF absorber would
have introduced /arger v backgrounds for DM searches.

BSM using LBNF dump proponents should get more involved in ab-
sorber redesign!

20010t
ox10f
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Exper.mfnf experimental . neutrino
: signature: 7
Laborator
_ bogon nuclear
tiny energy recoil o
deposited k. Q
by nuclear P 1 _,/

recoils in the
target material

recoils

/ Q»
secondary
‘,

deposited energy



The COHERENT Experiment and Proposed
Upgrades T e B el

Bllllﬂl(ﬁ:lﬂl

NATIONAL LABORATORY

Systematic

Limitations of Neutrino Alley Deployments: current & |near future
BSM Searches

in Neutrino
Experiments

SHIELDING MONOLITH

CONCRETE AND GRAVEL

1

BSM in COHERENT ) \
CENNS-10*  Nal
(LAr)

Neutrino-
induced

Neutron
backgrounds neutrons o
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\EE‘"?’\(@EH\ Searching for BSM Wlth CEI/NS slides from K. Scholberg

Systematic
Limitations of Averaged over stopped-n v flux

BSM Searches "*103 F

in Neutrino % E .

Experiments gu C one down",
8 C )
: ..............
o
5102
3
(2]
[7]
S [ e
O

10

BSM in COHERENT

T

more to g()

T

A dewatlon from a N2 predlctlon can be -
" a signature of beyond-the-SM physics

1 cho e b e L L L L

0 10 20 30 40 50 60 70 80 90
Neutron number

11/24



ooy COHERENT Systematics

Systematic
Limitations of . . . g
50 ool Reducing systematic uncertainties
in Neutrino
Experiments

o 2017 Csl measurement Dominant
Uncertainties on signal and background predictions Uncertainty
Event selection 5% (detector-
Quenching factor 25% ] dependent)
Flux 10%
Form factor 5%
Total uncertainty on signal 28% Next |argeSt
Beam-on neutron background 25% uncertainty
S CORERERT (affects all
detectors)

+ ancillary quenching factor measurements
are important for the physics program
+ D,O0 for flux normalization also planned

12/24



ooy COHERENT Systematics

Lf“yft‘:t’i’!‘;‘sicof Program of independent measurements of quenching factors using

BSM Searches sources or monochromatic neutron beams:

in Neutrino

. 4 Chaganiotal  + Gorbierotal + Geweretal
Experiments o + Collr Xuetal 12 4 Spooner etal.
4+ Simonetal + Toveyetal + * Toveyetal
~ | + spooneretal o
Lo g 4
s < .
H iR e Tol 4 4 |
S %) + bog dedllle @
§ ) Pl H
<] R L ER
1 i -t )
fov o % w1

e iyt i
8 ¥ -
L.
BSM in COHERENT £ 4 ‘3' |
34 +  COHERENT (TUNL)
4+ COHERENT (Chicago)
8 Park et al.

% 40 50 60 8
Nuclear recoll nergy (keV)

Reduction of detector systematics often requires precision indepen-
dent calibration measurements at external facilities



ooy COHERENT Systematics

Systematic
Limitations of Proposed D,0 detector:
BSM Searches
in Neutrino Measurement Precision with 2 SNS years at 1.4 MW
Experiments

b 23 M

_ g 1 012
Mary Bishai 8 ooned ]
E3 . 4 HO
g 10 ., * HH 01
« [ ]
X - —— Procison (Asove Throshots 1 €
o, 80 —{0.08 2
2 10 cm H;0 1 8 |
< eo- —{006 g
N E 1777 8 hayte
i ot |
T '°¥ —joos Darryl Dowhin. ORNL
& T T LTI ]
20 + f + To.02 * 1.3 tons D;0 within acrylic inner vessel
_++HH'++ i H, + +++ 1 + 10 em H:0 “tail catcher for high energy &
g ot Hrya R + 112" blakall photomutipliers
SM in COHER 10 20 30 40 50 6
BSM in COHERENT Reconstructed Energy [MeV]

= ~few percent precision on flux normalization

In many v expts - precision v flux measurements require independent
measurements on D (and H)
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BSM in COHERENT

BSM Searches at Long Baseline Experiments
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moowinien  MINOS /MINOS+ Sterile Search
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Position independent
of mass-splitting

Neutrino Energy (GeV) Neutrino Energy (GeV)
10° 10 1 10° 10 1

(P(y,—v,)) '

Events (Arbitrary Scale)

LB L R B I

1 1 10
LE (km/GeV)

0.0
102

Rapid oscillations ) e ——— Constrained by
regime causes Py, = 1v,)~1 - sin? 2053608 205) sin” Ay, observation of near-

MINOS/MINOS+ aomoalization mavimalmivieo
Long-baseline v, — v, expts with high intensity wide-band beams
are very sensitive interferometers.

Combination of near/far, different detection channels (CC/NC) and
different flavors of v, enable reduction of many correlated systs
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moowinien  MINOS /MINOS+ Sterile Search

Systematic
Limitations of
BSM Searches

Position independent

Neutrino Energy (GeV) Neutrino Energy (GeV) ¢ mass-splitting
0° 107 1 1

1 0

in Neutrino i —
Experiments . %
- 3
2 >
T S
& =
2z Qa
= <
— [2]
~ <
0.2 g
w
0.0 = .
102 107 1 10 10° 10°
L/E (km/GeV)
Rapid oscillations 1-Ply, »v)~ ]~ cost 014 cos? 03y sin® 2054 sin® Ay,
reoms causes S 20 g A Constrained by

MINOS /MINOS+ T
Long-baseline v,, — v, expts with high intensity wide-band beam
are very sensitive interferometers.

Combination of near/far, different detection channels (CC/NC) and
different flavors of v, enable reduction of many correlated systs

14 /24



sy \INOS /MINOS+ Sterile Search Results

Systematic Combination of low-energy ~ 1 — 8 GeV and medium-energy
Limitations of M
BSM Searches ~ 4 — 20 GeV beam running:
in Neutrino
Experiments

5 |

Mar o ~ MINOS & MINOS+
Brookhave — 3-flavor prediction
Natior I 4 — 3+1-flavor fit o
o ]
Far Detector | Near Detector
CC selection L CC selection |, —
> 5 >
()] ]
[©) m . 3
S ‘ L ‘ s Simultaneous fit to ND
B4 253 3 . N .
S P e e e P E R s g and FD distributions
> Fy - = q R
w ) 10.56x10*° POT MINOS 7.99x10*° POT MINOS A Q No evidence of devia-
5.80x10°° POT MINOS+ | [ 5.87x10° POT MINOS+ | -
= < tion from 3-flavor
3 s
KIS NS 2 Far Detector Near Detector '
NC selection NC selection
e 1 Jos
| | | L
5 10 15 20 25 10 20 30

3
Reconstructed Energy (GeV)

Phys.Rev.Lett. 122 (2019) no.9, 091803
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BROOKHUEN MINOS/MINOS+ Sensitivities and Systematics

Systematic
Limitations of
BSM Searches

in Neutrino 10
Experiments

Ty
1056x10% POT MINOS

580x10% POT MINOS+
v, mode

TS T T T

T

< 90% C.L. Sensitiity
> 1 — Staistics only

() E Energy Scale

— F Hadron Production

— Cross Sections
— Backgrounds

— Other Systematics
— Total Systematics

—MINOS & MINOS+
jata

—MINOS 90% C.L.

CCFR90% CL.
[MSGBOONE + MiniBooNE 90% C.L.
F MiGariazzo et al. (2016) 90% C L.

10.56x10°° POT MINOS
5.80x10* POT MINOS+
v, mode simulation
0 | | | 10 1 1

107 10° 102 107" 10° 102 107!
SirP(6,,) sin’(,,)

s 1l )

Significant sensitivity to 3+1 over 5 orders of magnitude in Am?.
Higher Am2, mass range (driven by ND) is more sensitive to sys-
tematics like target hadron production and cross-sections. Lower
mass range (FD) statistical uncertainties dominate.

MINOS/MINOS+

Phys.Rev.Lett. 122 (2019) no.9, 091803
16 /24




srooitineen - MINOS /MINOS+- Sensitivities and Systematics

Systematic
Limitations of
BSM Searches . . epe = . 92

in Neutrino Uncertainty Sensitivity to sin” a4 at:

Experiments Ami; =1eV?  Amj; = 1000eV?
Statistics only 0.0008 0.0002
+Energy scale 0.0054 0.0003
+Hadron production 0.0131 0.0063
+Cross section 0.0138 0.0103
+Background 0.0141 0.0112
+Beam 0.0143 0.0128
+Other 0.0153 0.0165

MINOS /MINOS - Table I. The reduction in sin® #21 exclusion sensitivity caused

. . 2
by accumulation of systematic sources at two values of Ami;.
The systematic uncertainty sources are given in Eq. (4).

Systematics contribution to sensitivity vary with sterile mass scale.

16 /24



BROgKACEN Expanding LBL BSM Searches with DUNE
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With a CPV optimized beam (low-energy):

Systematic
vV, - V. Appearance at 1300 km

Limitations of Vv, - V. Appearance at 1300 km
BSM Searches
in Neutrino
Experiments

15 20 25

14 3
E, GeV E,GeV

v, — Ve 290 CC events v, — v, 60 CC events

DUNE will expand LBL BSM searches by adding FD v, statistics
and v, and v, appearance signatures in FD if running in medium
energy tune is included in physics plan

New systematics are introduced: ND is not functionally identical to
FD, EM as well as hadronic energy scale uncertainties, v, xsec and
acceptance uncertainties could reduce sensitivity to BSM

DUNE BSM
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BROgKACEN Expanding LBL BSM Searches with DUNE

NATIONAL LABORATORY

Systematic With a NuMI-like ME energy tune:
Limitations of Vv, - Vv, Appearance at 1300 km
BSM Searches
in Neutrino
Experiments

vV, - V. Appearance at 1300 km

14 %5 3
E, Gev E, Gev

v,, — v, CC 330 events v,, = v, CC 700 events

DUNE will expand LBL BSM searches by adding FD v, statistics
and v, and v, appearance signatures in FD if running in medium
energy tune is included in physics plan

New systematics are introduced: ND is not functionally identical to
FD, EM as well as hadronic energy scale uncertainties, v, xsec and
acceptance uncertainties could reduce sensitivity to BSM

DUNE BSM

17 /24
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BSM with
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BSM Searches with Atmospheric v (lceCUBE)
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srooiniey | ceCUBE Program

Systematic
Limitations of
BSM Searches

in Neutrino

Experiments

IceCube Lab

A pioneering multi-purpose detector

Astrophysics T
« Discovery of astrophysical neutrinos m
« First evidence for neutrino point source with TXS

» Key partner in multi-messenger landscape I

wo— Wl

» Cosmic rays with IceTop

Particle Physics

« Atmospheric neutrino oscillations _— | 1
* Neutrino cross-sections at TeV-scale
» Exotic/BSM physics searches

Earth science Spacing [m] Energy threshold
« Glaciology Horizontal  Vertical [GeV]
BSM with .
Atmospheric v Earth tomography IceCube
DeepCore

19/24



Snooniimen  |ceCUBE v

Systematic Data distrbutions with best-fit neutrino and muon backgrounds

Limitations of - . . .
BSM Searches subtracted with simulated expected signal:

in Neutrino R0
Experiments 500 GO0 R
S0 &0 - uEl: 000
400 400 $ Do

1500

E‘JIII
i

204

00

101

Q 0 0
5.6 10 18 a2 56 -10 -06 00 05 10 Cascades Tracks

Reconstuctad Energy [SeV] Reconstructed Cos{Zenith) Particle 1D

Combined NC+CC analysis. Good agreement between data and
prediction - but even though signal statistics are large, background
statistical uncertainties dominate

MRS 27 Some overlap with DUNE v, appearance in range 5-10 GeV. Com-
bination could improve BSM sensitivities
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lceCUBE v

Systematic
Limitations of

BSM Searches IeeCube v, Appearance
; X Analysis A
in Neutrino

Experiments : GC Expected (N, = L0, 68%)
NESEE Expected (N,= 10, 684}

== CCRestFL

— HEACE BestFi

10

i , )
LE (emiGey) Vv, Normalization

" P Analysis A, NCHCT
————

Best.Fit 68%, 50%

Analysis 5, NC+CC

I e . i
Best.Fit 88%, 50%

_ fnuysts 4. CC Current lceCUBE sensi-
Amaiyia 5, tivity on par with SuperK
- Potential for improve-

ments with upgrade.

Supers 2017, CC gake L
kv 1711 08436

OFERA 2018, CC 68%
skl 1804 04312

0.0 08

lceCUBE v,

10
v; Normalization
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oo |ceCUBE 1.

Systematics nuisance parameters:

systerpatlc is A Analysis B
Limitations of Parameter prior | ey e e e ®  Individual (CC) I Category (CC)
BSM Searches Neutrino Flux & Cross Section: 4 Individual (NC+CC) | Category (NC+CC)
in Neutrino ve/vu Ratio 10£005| 103 1.03 1.03 1.03
. ve Up/Hor. Flux Ratio (o)~ 0010 | -019 018 | 025 —0.24 —
Experiments 0010 [ 042 001 0.04 Am?2 Oscillation
00£0.1 | 003 ~0.05  —0.04 .
. tive 221 245 246 6231 4% 1
Mary Bishai QE (Quasi 1.05 088 08
Brookhaven N 05 s i v/ Ratio v Flux
National Ocillation: Ay, { % + H
Lat 0 ) 854021 - E 85 85 Effective Livetime {% 4 H
02 () - 50.2 15.9 VeV, Ratio 1
m3a Sev?2 - 2.56 2.3 g N
Amia (10 ) ¢ " Ve Up/Hor. Ratio
Detector:
E 100 £ 10 98.4 i
0.0£1.0 0.48 VH€ Norm. Cross Section
N —0.64 M, (RES)
attering (%) 1000410 1030 1028 Ma (QE)
Absorption (%) 100010 1015 1017
Atmospheric Muons: Head-On Eff. % + Detector i
tion (%) - 8.1 80 1.6 16 Scattering « ]
s Spectral Index, o) 00£10 [ 015 015 - - X 1
Coincident v + p Fraction 00401 [ 001 0.01 - R Absorption { ® 1
Overall Eff. 13 1
Measurement: 1
vr Normalization - 073 0.57 0.59 043 Lateral Eff. 1% 1
. . : Atmospheric u
Atm. p Fraction - #}
Detector systematics dominate - b
v/ Coin. Frac. 9|
in particular optical model v,
Uncertainties on oscillation pa- 0%  10% 20% 30% 40%  50%

Impact on 1o Range

rameters Am3, next largest (no

external constraint?). Phys. Rev. D99 (2019) no.3, 032007
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smoodiven | ceCUBE U pgrades

Systematic
Limitations of -Gy .
BSM Searches e D sics with IceCube

in Neutrino

Experiments

‘- .

IceCube ® ]
{ °Q
DeepCore : P
L. [ °
@ °
B N
IC Upgrade ' .

100m b

« 7 strings with ~20 m spacing 7
« 2 m vertical spacing of 125 modules / string

+ Located inside of IceCube-DeepCore 14%m - 21%0m  2140m

2450m  2450m  2440m
Instrumented Depth
s. JE57. | lceCube Upgrade and Gen2 | Summer Blot | TeVPA 2018 4

lceCUBE v,
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smoodiven | ceCUBE U pgrades

Systematic

Limitations of - - S 7»—7 =TT S
BSM Searches Precision atmospheric oscillation measurements
in Neutrino
Experiments Similar physics program to DeepCore, just better!
VEY » Oscillations, non-standard interactions, sterile neutrinos, dark matter...
Brookhave
Natior 2.00 .
IceCube Upgrade Preliminary 95% range
1.75 ¥~ Appearance 68% range
1.50 g
5 :
B 1.25 i
X = g
© 1.00 & g
: Hel s
S 2~ <
< 0.75 225l g
B SSS5% &
0501 2378
0.25 B 8
' £ 8
0.00 o9
0.5 1.0 15 2.0 2.5 30 o

livetime (years)

lceCUBE v,

Projected sensitivities do not include reduced ice/OM systematics
a- JE57. | lceCube Upgrade and Gen2 | Summer Blot | TeVPA 2018 9
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Experiments

1 i
Lol

Laboratory

— = 0006 for »
— =003 far v
= e = D006 for B
= =000 fa P

2000

1500

Neverms

1000

IceCUBE NSI

- =, = 0.006¢ =0
-, =0 =0
¥ Data

55

Searches for NSI with lceCUBE

/Butmn

NSI
[

There is sensitivity for small
values of €, < 0.01, but no
evidence for NSI.

JHEP 1701 (2017) 141
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BrookinieN — Seqrches for NSI with lceCUBE

Systematic
Limitations of
BSM Searches . . . . .
in Neutrino Fit parameters for this analysis for 4 different cosmic MC and

ESEEEnES hadronic models:

HG-GH-H3a + QGSIET-11-4 || HG-GH-H3a + SIBYLL2.3 || ZS + QGSIET-II-4 || 7S + SIBYLL2.3
Parameter Mean Std. dev. Mean Std. dev. Mean  Std. dev. || Mean  Std. dev.
Eur -0.0004 0.0031 0.0001 0.0035 -0.0005  0.0036 -0.0002 0.0035

4 0.000 0.047 -0.003 0.045 0.002 0.046 0.001 0.046

N 1.013 0.056 0.911 0.051 1.257 0.066 1.123 0.063

7/K 1.078 0.081 1.059 0.080 1.073  0.080 1067 0.083

Ay -0.050 0.013 -0.092 0.013 0.066  0.012 0102 0.012
DOM.g 0.9869 0.0064 0.9863 0.0061 0.9910 0.0061 0.9885 0.0058
Am3,/107* [eV?Y] 2.484 0.046 2.485 0.047 2.487 0.044 2.480 0.043

B23 [°] 49.3 1.8 49.3 1.7 49.3 1.7 49.2 1.7

TABLE 11. Mecan value and standard deviation for the paramecters and systematics of this analysis, for cach of the four
combinations of primary cosmic-ray flux and hadronic models.

JHEP 1701 (2017) 141

Uncertainties in cosmic MC and hadronization models introduce ad-
ditional uncertainties to NSI sensitivities
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smookinvey  Searches for NSI with lceCUBE

Systematic

peowsiels  Posterior probabilities for €,,, after

RSN marginalizing over all fit
in Neutrino

Experiments parameters for 4 choices of cosmic

68% and 95% contours when all
nuisance parameters set to default

_ value
- ray spectrum+hadronic models 0.13 — ]
B o - ' ' i HEGH Ha + OEalETIH e symbmaics
3rookhave = >
Natior Lop o=t 1
osl | 0.06 1
o go0f ]
106} 1
o
& —0.061 ]
04l 1 )
—o12k 1
02 1 ‘ ‘ . ‘ ‘
0.012 —0.006 0000 0006 0012
0.0 n . " Epr
—0.012 —0006 0000 0006 0012
Epur JHEP 1701 (2017) 141

Uncertainties in cosmic MC and hadronization models introduce ad-
ditional uncertainties to NSI sensitivities

IceCUBE NSI
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BROOKSAEN Summary and Conclusions

Systematic
Limitations of
BSM Searches
in Neutrino m Searches for BSM and dark matter in v experiments share many

Experi - .
SPLERIEE of the same uncertainties with the SM measurements of v
oscillations and properties: flux, detector, cross-sections

m Some uncertainties are unique to BSM searches e.g. beam dump
geometries and materials for DM searches.

m Reduction of the dominant systematics on detector response and
v flux necessitate external calibration and measurements. For
e.g flux measurements on D or H for accelerator based
experiments, external measurments of hadronization for atm.
expts, testbeam expts to calibrate detector response

BSM signals that impact different signal samples - particularly in
the same experiment- enable more constraint on systematics and en-
hanced sensitivity.

Summary
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