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® Undergraduate studies in physics at Youngstown State
University in Youngstown, OH
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® Physics PhD right here at UMD, working on the B4BAR
experiment at SLAC
O Studied unique “finalscan” data as well as
antideuteron (antimatter version of 2H*) production Collaboration Home Page
® PostDoc at UMD as group switched to LHCb
O First followup to BaBar Colleagues’ hint of Lepton
Flavor Universality violation and first measurement
of B - X_.tv at a hadron collider.
O Developed new ways of doing analysis, including for
“1-track+neutral” B decays

® Assistant professor here since ‘23
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Detector R&D at UMD

e Additional work going on at UMD is R&D for future upgrades
® Major upgrade planned ca 2032 with stepping-stone upgrades to be installed in the 2026-2029 shutdown

o UMD-involved project: a detector device known as the Electromagnetic Calorimeter will be totally
rebuilt with new technology in highest-radiation areas
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My first calorimeter

soda can

e Basic calorimetry is sometimes a high school
chemistry/physics lab exercise for conservation
of energy and discussing food energy etc

o Energy released by some process (here
combustion of the hydrocarbons of a
cashew) is used to heat water

o Temperature change of the water is directly
proportional to the amount of calories
(energy) in the cashew

- coffee can

L water

. food

paper clip

J cork

e IMPORTANT FACT: calorimetery is a destructive
measurement.
o i.e. the cashew is, sadly, not edible after ®
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Electromagnetic calorimeter

passive absorber
l ‘ shower (cascade of secondaries)

e Electromagnetic calorimeters use the same
principle but for gamma-rays and high energy
electrons

o Paricle collides with a dense absorber and
converts its kinetic energy into many pairs
of electrons, positrons and x-rays. The
process destroys the original particle

o The secondary particles ionize a scintillation
medium that converts the ionization energy
to near-UV light

o Amount of /ightis proportional to the energy
of the original particle

e How do we measure that light?
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Light detectors

Devices we use for light measurement are Photomultiplier Tubes (PMT)
e Can convert extraordinarily small amounts of light (down to individual light quanta for some) to
large electrical pulses (milliamps!)
o Convert light quanta into electrons via the photoelectric effect (a purely quantum
mechanical effect — and Einstein’s Nobel prize citation!) and amplify these few electrons via

secondary emission cascade
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Electromagnetic
calorimeter upgrade

e The key for the future calorimeter at LHCb Upgrade
2 is timing

o To be able to make use of data with many
proton-proton collisions in each “snapshot”, we
need to resolve time-of-arrival differences of
tens of picoseconds (pico=10712)

o Any devices used in this environment have to
not be destroyed by the large radiation dose as
well! They have to be reliable!

e Choice of PMT model is critical —UMD is key
institution in studying the candidates
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Some photos of SpaCAL technology

(artists view)
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At UMD R —
e UMD students plugged into research around the choice of PMT for i —
new calorimeter technology in my lab
O Already my undergraduate student Othello Gomes has made big
impacts on the R&D
O R&D opportunities currently best for advanced students

(junior/senior), but this will expand over the next couple years >

m Students will learn skills in metrology, data flow —— -~

management, data analysis, automation, circuits,
PCB design and assembly...

® Future opportunities for multiple students to be involved in hands-on
evaluation and testing of devices to be installed at LHCb
o As with the UT, our students are critical to our success!

19 April 2025 PM Hamilton



ThHIS summer

e\qbu Sj‘i}

LI‘ICb 5* DEPARTMENT OF

m @V PHYSICS




Looking ahead
to August

e Obviously still a way off and things are

in flux

e Hoping to bring you a mix of QuarkNet

and LHCb-specific activities as well as

information and opportunities for more
chats about particle physics research at
UMD
o We're particularly interested to give
a glimpse of how the sausage is
made...
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From this

Event 251784647
Run 125013
Thu, 09 Aug 2012 05:53:58
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* Row * Kplus PE * Kplus PX * Kplus PY * Kplus PZ * muplus PE * muplus PX * muplus PY * muplus PZ *

* B * 286793.111 * -3466.695 * -2111.169 * 28388.142 * 13734.3%93 * -2661.61 * -569.86 ¥ 13461.59 *
* 1 % 38792.753 % 1841.2673 * 1448.1424 = 38737 .466 * 73364 .547 * 242p6.39 * 3852.15 * f3288.7 *®
* 2 ® 30555.496 * 3841.4617 * -566.4382 * 39434 . 237 * 8213 .3875 * 1398.72 = 1385.61 * f986.71 *
* 3 ¥ 209066.491 * 511.78266 * -28643.155 * 29888.308 * b68781.831 * 3818.69 = -1191.57 * ©68624.28 *
* 4 * 11788.331 * -429.2887 * 1633.5191 * 11716.659 * 34419.558 * -2139.3% ° 547.86 F 34348.49 °
* 5 % 1869468.46 * 2243.94Q5 * 2899.7382 * 186895.15 * 17456.839 * 169.29 * /42.14 * 17433.91 *
* b * 38748.784 % 2086.2447 * 1575.@738 * 385098.265 * 18785.714 * 1354.84 = -589.85 * 18729.58 *
* A ® 44742 961 ¥ 3481.7164 ¥ 744 .74321 * 445988.339 ¥ 28973.266 ° 3656.19 * 475.35  28651.46 °
* 8 * 37785.16e7 * -2457.935 ¥ 2816.3177 * 37647.958 * 24715.3865 * -1845.94 * /91.63 = 24583.81 °
* O * 28193.227 * -862.3066 * 1727.6479 % 28122.695 * 68727.573 * 082.14 * 1952 .44 * ©B688.14 *
* 18 * 33983.423 * 36.733953 * 1055,3788 * 330923.599 = 22288.004 * -577.85 *° 2847.92 = 22186.59 *©
* 11 * 83581.343 ¥ 2841.3978 * -1813.895 * 33535.266 * 25/717.256 * 468.68 °© -992.93 * 25p93.50 *
* 12 * 23329.285 * -2182.449 ¥ 516.56757 * 23223.285 * 9158.4168 * -955.24 * 1171.29 *® 9p24.11 *
* 13 * 58118.384 * -3763.198 * 2179.7841 * 579490.184 * 13498.8%97 * -2392.82 * -284 .38 ¥ 13275.15 *
* 14 = 22328.984 * 357 .85283 * 1352.1422 * 22279.585 * 4354 _88bb * -182 .68 * 857.68 * 4267.85 *
* 15 * 25843.393 ¥ -1137.769 * 1423 .6157 * 25774.329 ¥ 26830.854 = -2872.82 ¢ 93.86 * 26/759.32 ¢
* 16 * 13468.131 * 697.15159 * 023.9441 * 13481.183 * 1/656.254 * 173.23 * 1215.75 * 17613.18 ®
* 17 * 13523.188 * -312.9163 * 20621.2827 * 13358.588 * 23117.745 * 9g.838 * 2375.85 * 22995 *
* 18 * 38315.6884 * 6£99,72015 * 3717,.6000 * 3180 = _48/753.629 ° 4814 .87 * 48401.43 *
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Events / ( 4 MeV)

mJ,pr [MeV]
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What for?

e Being a bit more hands-on with LHCb data we hope you get
to know:
o a little bit of special relativity
o a little bit of coding for particle physics
o a little bit about considerations that go into particle
physics measurements (and measurement in general!)
o a /ot more about our weird and wonderful universe of
matter and (not) antimatter!
e We're hoping you'll even be able to bring back some of the
planned activities directly to your students should you chose
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That’'s all for now!

e There's so much going on at UMD and we are excited to share it with you!
e Particle physics: —

_/-//’E)ompact Muon Solenoid

ICECUBE

NEUTRINO OBSERVATORY

RNO-G

Radio Neutrino Observatory - Greenland

W

e Particle Astrophysics:

A/WC(

High -%.Itltude Watefr l.'.lmrveukm
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