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JLAB12: HPS experiment one slider
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reduce copious QED
(tridents) background Y=
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« A kinematics = need good forward coverage downto~ 96, . /2
This puts detectors close to the beam.
Rt

(W—‘})Rfiarr‘ow) ‘hL
e A’ Q

Energy = E

* Vertexing A’ decays requires detectors close to the target. Bump hunting
needs good momentum/mass resolution. Both need tracking and a magnet.

Want  Am/m ~ 1% for bump hunt Beam's Eye View
Want Az ~ 1mm et and e

* Trigger with a high rate Electromagnetic Calorimeter
downstream of the magnet to select e*and e-. entering ECal

* Beam, QEDand Multiple Couplomb
Scattering background in the bending
plane => split detectectors
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2012 Test Detector

CEBAF - Continuous Electron Beam Accelerator Facility esraction ftnearpscan Yesirection ftne arpscar
upstrm_right {counts) @ H-direction ofthe Harp scan upstrm_right (counts) @ Y-direction afthe Harp scan
recirculating B TR a T 1oooog
Simultaneous delivery of arc = -
electron beam in three Halls. /\
Can be at three different / -y
energies and intensities. - %

[K-direction of the Harp scan [r-direction of the Harp scan
Entries : 1453.0 1 Entries : 837.00

1.1669
3499.4

1000%

ean : 39.898
sigma : 0.013489

Y beam on
converter
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Approval

HPS received JLAB
approval for InSta”a.UOn of Review of the Heavy Photon Search
HPS hardware after: Experiment on July 11, 2013

Response to the Report from the DOE

and

- Successful test HPS Request for Formal JLab Approval

measurement in 2012
- DOE HEP funding

- Progress in preparation
of equipment

HPS Collaboration
March 14, 2014

- Receive High Impact
Status by JLAB advisor
committee PAC41

cometr

Page | 1 Hes Collaboration
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2015 HPS Reach and Existing Limits
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« 2012 test run with prototype - DOE HEP funding -
Installation in 2014 and run with calorimeter - Vertex
detector installation in 2015 — Engineering run in
spring 2015 (E_beam=1.06 GeV)

 Padva Joined HPS in 2014

"« Participated to the engineering run in december
2014 and run in 2015

« Contributed to tracking and alignment of vertex
detector

* Interest in search for heavy photons also in Frascati
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Run 5623
Event 62
N. Graf

HPS Engineering Run
Update

May 19, 2015



Beam Line & Detector Design
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HPS Setup in Hall B Alcove
Si Vertex Tracker Installed Feb 23, 2015 PbWO, Ecal Installed September, 2014

Limsar shifts for Hall B pair spectrometer

tracker'trget motion / wacuum chambar

-------

readout autside

sensors on bow
tracking walume

FTATS SU PR,

Vacuum feedthrowghs far
porwer data coclng

heavy photons. They decay to e*e pairs, which are measured by the Si vertex
tracker inside an analyzing magnet. A PbWO, ECal provides a fast trigger.

https:/ / confluence.slac.stanford.edu/display /hpsg/Heavy+Photon+Search+Experiment
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Spring Engineering Run 3

* Installed SVT end of February

* Commissioned Hall B beamline March-April
* Calibrated bpms & established orbit locks
* Set up SVT Protection Collimator
* Checked beam position stability

 CEBAF down after power outage L
« Commissioned Trigger and Integrated SVT DAQ Ia y;
 Explored SVT backgrounds as moved SVT closer to beam
* Production running at 1.5 mm started May 1

* Production running at 0.5 mm started May 12

Run 5623
Event 62
N. Graf

Layer 1 silicon sensors are
just 0.5 mm above and below

beam. Min opening angle is 7
6,= 15 mrad. /




Why SVT @ 0.5 mm?

HPS’s reach is very sensitive to SVT position
below 60 MeV A’ mass.

_2_ 312 48 weeks

1 PAC Week
Si @ 0.5 mm
Si@ 1.0 mm
Si@ 1.5 mm

Significance
o,

-3

)
0.00 002 (}[]4 {}Uﬁ 008 UIU 0.12
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Plot is for 2.2 GeV, but same effect at 1 GeV.



B 1 GeV Run, Final

« Proposal: 1 Full week of 50 nA beam on target, 30 mC
« Achieved: ~10 mC with SVT @ 1.5 mm, 10 mC @ 0.5 mm
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Tracked Pairs at 1.5 mm

Plots from = 1.05 GeV

M. Graham A’ candidates have P, +P, =P
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Tracks

Track Matching at Ecal

B FinalStaisFartioles/pairs idefta ¥ @ ECal jmm I
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Alignment fine tuning needed, but close
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SVT Momentum/ ECal Energy
Match

ARcERER

:uﬂ 2 D4 DQO& OB 1T 1.2 14 1.6 1.8 2

Further Ecal Calibration/Tracker Alignment Needed
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Pairs Vertex at the Target
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# of e’e” Pairs
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Tracking tails

] In data, the distributions of some of the track parameters of electron and
positron tracks showed tails that were not present in MC

Electrons Positrons
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1 Residuals of the tracks on these tails are terrible — Likely not real
tracks

1 Looking at tracks matched to clusters, the distribution gets cleaned
up quite a bit. Those that aren’t matched to a cluster look the same
as above




Where are they Coming From?

(1 Several things can lead to “large D0O” tracks including

Shared hits leading to fake tracks

Shared

Shared

Ghost Hits _
Real hits

Ghost

—=

Background coming from upstream?



Shared Strips Cut

(1 Currently, there is no isolation cut being applied to any of the hits being used
to make tracks

1 This will lead to ghost hits being used on tracks, but are these the main cause
of the “large d0” tails?

(1 Do something quick and easy (Sho style) ... drop ALL 3D stereo hits that share
a cluster with another stereo hit

All Tracks

[ = AlTracks

No Shared Clusters

02 015 01 005 0 005 01 015 02 1
sm(qno}

2% 30 3 40
Track 42

Works ... but very inefficient (only getting about 20% of
tracks). Need an isolation cut on either the stereo hits
s or/and clusters.




Stereo Hit Isolation

LI Loop through all tracks and check that all stereo hits on a track are some
minimum distances (delta x and delta y) away from the stereo hits on the
same sensor

1 If any two of the cuts fail, drop the track ... Ideally, we just want to choose the
best and drop the rest

(1 For this study, delta x = 1 mm, deltay = 10 um. No real reason to choose
these cuts ....

Al Tracks 10°

Stereo Hit Isolation T AllTracks

— Stereo Hit Isolation

10°=
E No Shared Clusters

"""'”“" No Shared Cluster

\\Il\\l\ll\\l
]10 4 6 4 2 0 2 4 6 8 10 2 015 01 005 0 005 01 015 02 0 &% 4

DO [mm] - sin(g,) Track §2

Also cuts out much of the tail with slightly improved
efficiency but it's clear additional cuts will be needed




Physics Measurement?

* We have roughly 1/3 PAC week with Si at 0.5 mm
(15 mrad acceptance)

* Beamline, Ecal, Trigger and SVT all worked well
* Lots of Work to Do...

Check Trident Yield in the data

Ecal energy calibration and alignment
SVT alighment

Understand the Vertex Tails
 But a physics result may be in reach
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Reach vs Runtime

1074
107°
107°
107
1078
107°
1 0—1 0

10-11
10~

3

a

g a :

Measurement assured,
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People/Requests

e G.Simi 30%
e |Interests from other researchers

* Travel fundings
- meeting di collaborazione 3kE
- Shifts presa dati: ??



Old Run Plan (to be updated after Collab. Meeting)

. 25 PAC éags of engineering run
aPProvecl

e 15 FAC Aags @ 4.4 Ge\/ aPProved

— A total of 13 weeks of shifts to be

covered running nights and weekends

- “APProval forfuture running begoncﬂ
this engineering run will be contingent
on successful demonstrated
Per‘Formance of the HFS apparatus

éuring the engineering run.”

. Fﬁ will fund hidden sector Particle
searches in the “small Projects Portwcolio” in

the next 10 3ears”

06.07.15
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Motivation

ey o e S
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Hidden sector

¢ New U(Q‘ gauge symmetry = Al gauge boson, force mediator for Dark Matter DM DM*
- COup]ing to SM trough kinetic mixing €~10-2—10-6 - ?
— [Holdom, Phys. | ett B166, 1986]

. Fositrom excess could be explained bg DM annihilation into

hidden sector Photons

e g2 anomalg }39 a modification of the vertex &iagram

FRD79015014FLD671,391)
. DM signa] in DAMAV/L IPRA from inelastic scattering via A exchange

o Absence of anomalg in anti~Protons

- MA.<]GC\/

° Bcam clumP searchcs

- MAA>ZOMC\/

. Dccag into lcptons

DM DM*
K

Nucleus Nucleus
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How to search for heavy photons

in e*e- annihilations: babar, be”e (Y(ZSJS)—)'YA’ , A"’ H+H*>,

KLOE, NA4s (TT—>Ye ) v
. Elcctro~Procluction in fixed target expcrimcnts U
— Without vertex detector

- USing a vertex detector as Proposed bg D.Bjorken et. al. ths. Rev.
1280,2009,075018

- Signatures depend of A mass

Decay Branching Fractions:

06.07.15 G.Simi CdS INFN Padova 30




e |nvariant mass Peak over a copious QE_D backgrouncl

J Detached

dccag vertex

06.07.15

QED background
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| tracks and A’
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