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Background and Motivation 7 o
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The cut on zy has seen good performance in background rejection while maintaining good
efficiency on macroscopically displaced vertices from the SIMP signal process.

Maybe this cut can provide improved sensitivity of HPS to the “vanilla” dark photon model.
e N — e NA — e Ne et

Goal
Follow same procedure for estimating sensitivity as prior displaced vertex analysis but using the
new samples and the SIMP control region (High P-Sum) cuts.
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For a given € and my/, assuming we haven't discovered signal events, we need the expected
signal that we “should” have seen and the maximum signal allowed by the (presumably
signal-less) data.

B Mass Resolution o
B Radiative Fraction foq
B Trident Differential Production dN.+/dmyeco
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HPS Internal 10.7pb-"1
] A B L L B N T o
L« Rafo (Table 11, 2016 Bump Hunt Note) < .
Tom SIMP CR ' B Used displaced dark photon
| —— Matt L1L1 (Eq 22 of 2016 Displaced Vix Note) | samples and the SIMP Control

Region (High P-sum) selection

{ B Observe resolution behaving
similar to that reported by Matt

Resolution (o) [MeV]
==

—: in the 2016 Displaced Vertex
ﬁ 7 Note and only slight worsening
ol - compared to bump hunt

L A A R R reported by Rafo
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Radiative Fraction

HEAVY PHOTON
O SEARCH
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- ] dMyeco
@
EJ 104 E
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B Used same Tri-Trig, WAB, and
1081 i .o )
: Radiative MC samples as being
ool i used within SIMP analysis
L SR B Not identical fit, but main
T VY. [T T 7 T . . . .
N Ordere] separation is in region where
- Alic SIM ] e
0.051 ° HPS does not have sensitivity
ool Al e e 8 1 anywaysduetotota|trident
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Trident Differential Production AT
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HPS Internal 10.7 pb~!
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2016

dN,/dMreco [1/MeV]
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B 100% 2016 data sample within SIMP CR
O E B Following shape and magnitude of
— previous estimates
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Only minor differences in ingredients so far which can largely be blamed on differences in

samples.
Cuts

B Py > 1.9 GeV

B L1 Requirement for both tracks in event

B Exactly one vertex in event
FO”OW”_]g_ same procedure B Significance of Vertex Projection to Target < 2.0
from original note.
| mar — 1.250 < Mreco < My’ + 1.250

Hz> Ztarget

B z|/mm >

1.08 — 7.44 x 1073(Myeco/MeV) + 1.59 X 107°(Myeco/MeV)?
Az/mm < 21.2 + 0.166( Myeco /MeV)
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https://github.com/tomeichlersmith/hps-exclusion
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HPS internal 10.7 pb™"
% e e
2| oz 2
1021 SIMP CR %=
WIP: Do Not Take Seriously ] u
g
105 —0205_}»
ie]
e
O . . .
0152 M Peaking around 0.3 as is seen in the
107 1 o
H original result
B Similar mass and € region as well
107~
10—11,
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Max Signal Allowed 7 i

HPS Internal 10.7pb"
1072 SIMP CR P
WIP: Do Not Take Seriously | g
172 M As estimated by OIM using the signal
_5 1 . . .
10 = distribution over z as the CDF to cast
Gg, events in z into uniformly-distributed
1077 % events in some variable X.
m - "
5= B Not too much out of the ordinary besides
109 a mass bin that has a few surprising

events within it leading to
higher-than-average maximum allowed.
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HPS internal 10.7 pb™"
W e[ Ho.10g
103} “1] 8
SIMP CR =
WIP: Do Not Take Seriously -
—0.08 ©
2
1075} é;;_
5 W Again, similar to previous result for L1L1
only.
10_7_ . .
B Do not have access to original result and
so | cannot make a more quantitative
107~ 1
comparison.
10—11,

50 75 100 125 150 175
Invariant Mass [MeV]
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HEAVY PHOTON

Expected Signal Calculation Detail AT

o

Need to re-weight events by their z such that passing fraction represents the number of
expected signal at that decay distance.

62 ox |:(Ztarget — 2)62]

<7> CTe=1 <7> CTe=1

D(z) =

To explain the expected signal calculation procedure, let's walk through an example for
my = 100MeV.
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HPS Internal

o €2=10"° y=(E)m

10.7 pb~!
o

(
2016

0.04- -

0.03[- . B Following expected decaying shape,
peaking at target

0.02|- . B Seems reasonable...
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Tom Eichlersmith (UMN) 2016 Re-Exclusion June 4, 2024 13/11




Selection Efficiency over z
o
HPS Internal 10.7 pb-
~N o035 T R =
L i — preselection |2
i tight-no-z0 |
0.030} — tight . _ _ ,
i ] B How likely a given signal event passes the
0.025 - selection criteria
f B Includes factors for readout acceptance
0020 | R and analysis acceptance
0.015 ] But readout acceptance is already
i { accounted for within the data-driven
0.010f- F 1 estimate of the trident differential
: | production rate. = Re-scale F(z) so that it
0.005[- 71 equals 1 at the target.
0.000 I—S‘O‘ — (l) — I50 - 100I — L15‘JO‘ - I260I
True Z [mm]
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Re-Scaled Selection Efficiency over e
o
HPS Internal 10.7 pb-
‘I:l‘ Tt T Tt 1!.9
L 1.2 B=3.60e+01 48
(oo N | i
— preselection |
tight-no-z0
1.0 — tight
0.8} - _
i B Calculate 5 by averaging over the four
oel ) bins nearest the target
[ B Puts the pre-selection distribution near 1
04l h within statistical uncertainty at the target.
02} -
_. [T I I R e IR R R R ._
0950 0 50 100 150 200
True Z [mm]
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HPS Internal 10.7 pb-
~Nootof "t oo e
% i €2=10"° y=(E)Ym 1«
I I ]
. F(z)D(z)dz=1.67e-01 . .
0.008 - /:;tﬁ (#b6z) 7 B Combining BF(z) and D(z) gives us the
Nsig =2.32€-01 | integral we should sum over to obtain the
0.006]- i probability a given produced signal event
[ ‘ remains within acceptance
0.00al- ] B Multiplying this probability by the total
ot | number of produced signal (as estimated
, by the trident differential production)
0.002 ] gives an estimate for the expected number
of signal events.
0-0001" \ | \ \ L]
| 0 - 50 I“ ‘1OOI — I150I — ‘200
Z [mm]
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Mass Resolution Detail

HEAVY PHOTON
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Re-Evaluate 2016 Mass Resolution
Due to a variety of simulation and reconstruction patches and updates.

B Signal samples generated and reconstructed by Cam

Added to sample list for Pass4b on confluence
B Applied momentum smearing with hpstr

Code in
B Plotted and fit in notebook

Selecting vertices whose tracks have been strictly matched to truth-level “rad” electrons (i.e.
not contaminated with recoil electrons)
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https://confluence.slac.stanford.edu/pages/viewpage.action?spaceKey=hpsg&title=pass4b+for+2016+MC
https://github.com/JeffersonLab/hpstr/pull/187
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More Similar Selection AT
a)n
HPS internal 10.7 pb™
:i -t L L L ‘e
< | i Signalma =75MeV &
1.0 —— M=74.9MeV, 0=2.13MeV _
i pu=74.6MeV, 0=3.52MeV |
i — M=74.7MeV, 0=2.14MeV |
0.8 — p=74.2MeV, 0=3.90MeV
I —+ SIMP CR unsmeared
_ SIMP CR smeared _ B Reduction in low-side tail distorting results
0.6 || =+ SIMP SR unsmeared B ) ) ) .
f ‘.|_|_ SIMP SR smeared f B Resulting resolution o still deviating more
_ from previous estimate, but at a much
.41 ] smaller scale
0.2 .
| L A PR - PR M
007500 0.05 0.10 0.15 0.20

Vertex Invariant Mass [GeV]
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For CO m pa ri SO n Ly HEA;E‘ P}goron

C Mass: 75.00 MeV B Mass: 75.00 MeV
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35000 o =1.573 MeV 20000: o =3.081 MeV
B +2/NDF = 22.384 18000| +2/NDF = 11.345
30000 16000
- 14000
25000: 12000" Looks Iil;e fit is
e o nes
C r wni
15000 80001 P .
C - sense and is
10000— 6000 something | am also
r 40001 doin
- B g)
5000 ] 2000,
0:| [ ._;.4—"‘| L 71-.J RN RN N B R O-I TN I S W e S IO NN N T SRR [
0.05 0.06 0.07 0.08 0.09 0.1 0.05 0.06 0.07 0.08 0.09 0.1
M(ee) [GeV] M(ee) [GeV]

Figure 28: Mass distribution for 75 MeV A’ MC. Left: unsmeared mass, right: smeared mass

Figure: From Rafo's 2016 Bump Hunt Internal Note end of Section 4.
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All Mass Resolutions Available to Me AT

Resolution (o) [MeV]

Tom Eichlersmith (UMN)

HPSInternaI .

o Rafo (Table 11, 2016 Bump Hunt Note)

Tom SIMP SR smeared
« Tom SIMP CR smeared
« Tom SIMP SR unsmeared .
Tom SIMP CR unsmeared o * .
Rafo Unsmeared .« o |
[ Matt L1L1 (eq 22) e N
I Alic SIMPs : p |

2016

150 175 200
Mass (u) [MeV]

100 125

2016 Re-Exclusion

o

B Able to use newer generated
samples to produce mass
resolution estimates including
track smearing

B Observing slight worsening in
resolution (increase in o)
compared to previous estimate
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How | evaluated the resolution
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Goal : Center (mean p) and Width (std dev o) of peak
Two stage process
1. Find Peak
lterative approach
1. Calculate 1 and o from the bins
2. Remove bins further than No away from u
3. Repeat until stable (i.e. no bins are being removed)
For the results here, | chose N = 2.
2. Fit Normal Distribution
B Actually fitting a “scaled” normal distribution which is just a normal distribution
multiplied by some scale (basically ends up being the integral of the fit range if fit is
good).
B Only fitting to the range of bins selected in Stage 1 above.
B Using uncertainty on bin content as errors of data points in fit.
B . and o taken from this fit.
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Direct Testing of Smearing Tool AT

o

Manually constructing tracks with known input momenta and then applying smearing.

HPS Internal 10.7 pb™ HPS internal 10.7 pb™
< -t S Te . T T T T T Jo
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Mass Extrema e
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Selection Comparison r
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Not thoroughly checked!! g
SIMP CR

1. L1 Requirement Rafo Tables 4 and 7

2. Psym > 1.9 GeV 1. Preselection

x? < 12, Goodness of PID < 10,
cluster-track time diff < 6 ns for both

3. Electron matched to truth rad electron
4. Single Vertex Candidate

tracks
SIMP SR Electron track has P < 2.15 GeV
1. L1 Requirement 2. Psum < 2.4 GeV
2. Psum < 1.9 GeV 3. Psum > 1.9 GeV
3. Pym > 1.0 GeV 4. |Atguster] < 1.43 ns
4. Electron matched to truth rad electron 5. Single Vertex Candidate
5. Single Vertex Candidate
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