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General Background & Notes
Annihilation of darkmatter mayproduce anti -deuterons

Deuteron
• nucleus of deuterium II proton II neutron
• formed by ionisation of deuterium
• Isotope of hydrogen 1deuterium
• anti -deuterons from anti -baryons
Bagg
• 3 quarks• decay of antibaryons may produceanti - deuterons

• Deuterons consistofoneproton and oneneutron
• anti- deuterons are suspected to beformed by the animation
of a proton with a heavier particle. such as perhaps
a helium nwdiei

,
however the detectionof

•

anti-deuterons is hard as the particles are very rare



General holes from paper
A-
-b bayron → odd number of valence quarks Heavy , 3quarks)
kaons →* specific typeofmeson 11 quark and 1 antiquark) 11 up/down & 1 strangePion→ lightest meson

Quantum field theory→ construct physical modesofsubatomic particles
Partials are described as quantumfields p.gl
quarks carry

both charge and colour
leptons only charge

Q_ED QCD_
•

Exchange of
•Theory of thestrongforce

photons (gleans)

¥0B predicted to be massless by SM
↳ similar to electron nomass

,
do not interact with matter

bottom quark most massive particle known
b- hadrons→ hadrons containing atleast one bottom quarkHadron→ two or morequarks

Production of DM via annihilation• DM annihilation must be stable & sufficiently rare



Anti- Deuterons
•anti -proton and anti - neutron bound state
• are light
• only known production collisions between cosmic rays and interstellargas• Ñbboryon can produce anti-deuterons asadeeag product /This rate has not been measured)
• comprised of anti-up , anti -down and anti -bottom quarks↳ In which case the anti -deuteron is produced by the anti-bottom quark radiating aw-bosonand delaying ailoanantiupqaarklpgs)
• ltisexpededthatanti-deuterons & deuterons willbeprodueedatthesameratelpgb)

statish.cat/tadronisalion- Coalescence cross-Section
• explains theruomberofpaatides • considers the proton & • allows for production channelsneutron produced • consistent with SMproduced inhlauyiondtisions.combine.to form deuteron• colliding nudeiareate fireball
which is internal equilibrium ifadkdivemoneudwun difference
• fireball> kinetic Idlewild is smallerthan coalescence monitor

thermal eguihihnim • fowrmomentwmwotoonsorvedintermediate complex •Inconsistent with SM

hdlidingnudeiimlhumegni
-

MASS ratio g. kaons b- protons ≈ mass ratio protons -6 deuterons
* deuterons nfadorsooorarerthan protons



Cherenkov Radiation
Arises from the motion of relativistic particles through a dielectric medium , which is a medium
lharadwiocdbyanefraetiveindex@1nw.wdatomagnetic waves propagate compared to vaunt
A particle travelling relativist speeds may exceed Cmedia Wilhoit exceeding C , this
leads to the omission of Cherenkov radiation at fixed angle Qh

cos =¥⑨→E
Different particles will begin to radiate at different momenta
Tracking system→ momentum cherenkov radiation→ velocity
count cfcherurkov radiation impotent for numberof particles of a differenttypeDifferentparticles differentmomenta
*Ultra relativistic momentum * saturation
↳ no mass

In order toomit cherenkovradiation of frequency W, the speedoftheparticlemustbe
larger than the phase velocityofthe electromagneticfieldsattatfegeeag (pg 638) ChB
oh Rad can be used to measure velocities offast particles . Yparticlesofagiven velocity
pass through a medium of known dielectric constant € , then light isemitted at cherenkov
angle WSQ = p¥w, F-% As c- varies with frequency 0, different coloursoflight emitat
a measurement ofangleQ gives us velocity different angles
cosQ = npt threshold velocity It is tn , ifthe velocity is below this threshold there
will be no Cherenkov radiation

• Practice Cherenkov radiator materials are dispersive
• Different particles produce different radii ringsof Cherenkov light



Detectors
Cherenkov Detectors
Cherenkov counters contain two main elements Cherenkov radiation is aweak sourse of photons

•
a radiator which the charged particle passes through
•

a photodetector

Imaging counters
•

measure the ring-correlated angles of emission ofthe individual Cherenkov Photons ring radii proportional to %•

They gather information for both wantedand unwantedparticles

RICH Detectors
• Practical multitrack (more recent
• differentiate between kaons

, pions&protons in momentum range 2-1006eye

¢
radiator

RICH 't- layers of Cytio gas
RICH2-More effective on particles w/ higher relativistic boost, 11=4gas

Magnet tells us momentum & charge

LHCB Detector
• Uses two separatecounters
• two radiators (aerogel&Gtfo) Second*dune CF4 1particle
•Photons are mirror focused onto detector arrays of HPDs to cover a ITYK separation momentum range
between I & 1506eye ↳hybrid photodiodes
• speaks in B-physios (at least one bottom quark)



Notes (based on meeting 2717
B

curvature of tracks\ indicate momentum Radii of Cherenkov rings↳type of particle [mass✗ Bqv=mvYr broad mass range
- a ↳ f- Bqr\¥É¥¥÷i•µar* [from direction

µ deuteron heavier
than proton
higher momentum

(d How is momentum
related to n

Figure't : Taken from 4]
• Flattening of curve at higher momenta fordifferent particles is called saturationCherenkov angle approaches got = cost Wsoc = ntg threshold E- it
• Saturation is the result ofultra -relativistic particles where B~l.atthis limit the massofthe particlebecomes negligible
•RICH detector separates different particles in a region between the threshold & saturation momentum

• tracking systems measure the particles momentum, Cherenkov angle measures velocity
lherenkov threshold for deuterons
momentum range for deuterons



Week I (2517-29/7)
Qˢ

ÉradiaI• Understand motive • What is meant by • Reed Eliots' thesis
• Understand some background particle/momentum
• start to understand code separation? Range of which •• look at code

particles are found? • Go through readings• logbook
• Understand graph

•WhatareHPD#
↳ hybrid photodiodes
Hybrid photo Dekdor

•How isthe data arranged
• How isdata gathered
•How is data analysed
• Whatto do in following week

summary
Researched cherenkov radiation & detectors with notes detailed one pages 445,looked through example . py & Fitting_code .py with Eliot

-



Wed 27ᵗʰ July
• Wentover background in more detail
↳Cherenkov radiation
↳ RICH detectors

• Motive→ to helpwith the detection ofdeuterons through Cherenkov radiation produced by instead
of looking for rings where deuterons should begiven their mass, to look at a broader range
ofmasses to see ifthere is a rise in chelation around the range deuterons are expected

• First to be done with protons with smaller setof data
• Expectto see a larger bump around 0 for protons with mass range increased

•

Arranged meeting to look at some code w/Eliot



Figure 3. Example for protons with Cherenkov 
angle on x-axis in mrad and number of photons 
per 0.4 mrad on y-axis. The smaller bump around 
0 mrad represents protons detected.

Figure 2. Fit for protons with Cherenkov angle 
on x-axis and number of photons per 0.4 mrad 
on y axis. Pull plot is shown below.

Thur 28
"

hey
• discussed the code for producing graphs using protonsfirst with smalldata set
• went through reading materials which included:

- Physics Review
- DavidTong Partide physics believes
- Notes on cherenkov radiation
- Jackson notes
-Mark Thomson- Modern particle physics

•Below are snapshots of the examples python wdu run from terminal, andthe graphs produced.

FigureL

Figure 4.
$



Fri 29th July
• looked over code in atom to try and understand better• Read notes on Cherenkov Radiation ( holes above pg 5)



Week 2(/8-5/s)
TasksIons

· Understand denteron · Do dentrons from helium · Read davidTong Lectures
formation reacle of are they so rare

·

Physics Review
· understand graphs that this doesn't happen

·

playwithcode (change moralan,and code
· Research cherenter radiation

·Whatshouldbedonebymustweek
Reed papers eliot suggedandfurther

Summary
Background Research
Deuteron formation -> coalerace across-section

chevenker radiation -> coso its
loglikelihood-> multipliation of probabilizes
set up example code



Wed 3ʳᵈ August¥Éusscd deuteron formation↳ Wallacemethod & coloured forces
↳ what binds quarks (quantum chromodynamics•

Primary vertex→ first collision

• wglikilyhood
• Wentover further what I 'll be doing with wider mass range and subtractingbackground , what would look like for fake particle

Fri 5th
• continue reading DavidTong
• looked at notes on deuteron formation
• started to put together references for report• looked at log likelihood and data notes



Week 3 (8/8-1218)
Goals Quinns tasks

• Understand code in • Equivalent to
'radiator' and •change momentum in

more detail [ktheta' with new data? example codes
• Have data ready to start • Have I plotted the data right way • Setup data &script
processing around?→ toglitelihoodx axis • play around with overleaf

• Go over more background y-axis? •

produce histograms for proton mass
↳ deuteron formation holes) ↳ is that correct

. changed and unchanged↳ logliklihoods
• ^ ^

^
• produce first plots neon whatdoes this mean
• start progress report again

• what is the peak at 0?
and at -1000 ?
• Proton/kaon bump same place?

Summary /Results
Produced Histogram of the loglitdihood for protons with mass changedand mass changed, and the same for kaons, plots shown below .

Plotted both changed & unchanged mass on same plot to see f-there oiadilfaasa
• no obvious
difference between
hanged & uncharged

These results show that there is no noticibh difference between charged& uncharged
mass so far , and there is no notioible bump where we expect the protons/Kaons



•Tryingto more easily detect deuterons by looking at masses above andbelow the deuteron mass so we can interpolate and find the
backgroup ,• subtract background b- see deuterons more dearly

• the mass of the particle is obtained from the momentum of the particle( from the magnetic field and the velocity of the particle from the cherenkovangle as the particle passes throng of medium and emits
cherenkov raetialion

• We plot the hog livelihood for the number of tracks (detections )which shows

log likelihood 2 probability Aistnue where
b- is your hypothesis



Mon 8ᵗʰ August
• Read through paper

'An Alternative Formation Model for Anti deuterons fromdark matter ' ( L .
A. Dod , A. R.

Rather) (Noles pg . 4)
•

Played around with code→
changing-22GW limoring centre of distribution
Wong

-hoon bump gets smaller= still appear close to 0
using -240W bump is larger

20 6W 2hGet

'¥hEñwpt

Figure 6 . Figure?

Tue 9ᵗʰAugust
• organised meeting
• Read David Tong → Feynman diagrams
• Added to reformus



Wed 10th August
• meeting 2pm, discussed↳ overview of project↳ transferred small data & python script over to start going through to produceplots for both protons with mass changed and unchanged .

↳ kaons control varibk (compared to proton,should be constant)
↳ went over report writing (looked at overleaf)↳ subtract changed from uncharged histogram ?

What I expect the plots to look like

something like ^ A large peak for pions
•smaller/no peak

full positive peak for
for changed masses

protons/knows
peak kaons> peak protons

more common

code setting up data ( log likelihood for Protons & kaons and momentum)



Fri 12ᵗʰ August
• looked at pieces ofcode from example Ichangedaccordingly• branches→ branches

_ unchanged

• to get a histogram for proton mass uncharged
• error→('no field named 'radiator

' ) , same for
'

CKtheta
↳ commented out '

is
_

RICHI
. .

.

' and ' dk ' → ValueError →from ak .flatten fat)↳ copiedexample codefor python histogram, resulting in the following code
and subsequently the plots shown in figure 8h9 for both changed&unchangedProton muss

• 400 bins were used
•Each Plot was made by altering code in atom, then saving and running it from terminal.

-

Figure 10 . Figure9.
•the same was done with kaons to produce the following

/

Figure 10 . Figure ! .



Sat 13"Angest
Attempted to plot the histograms to show the main peaksmore clearly and tried to change the momenture range with &.
· First tried pt.xim ([-40,403) bin sizes too big -> change to 800 bins↳

to Depioussump
I

Figure 12. Figure 13.
· then with p1.xim (2100, 100])

Figure 14.
200 bins 800 bins

a
Log likelihood

Figure15 Figure 16.

-



Bins-_ 400

no





Sun 14ᵗʰ Augustthe plots on Pg 17 ,
show that there is a peak on the

negative side which is a good sign as we expect this from pions.the peak may not be as large as expected .
The peak at 0 I'm more unsure about as to whether or not it is expected .
↳ need to ask ( looks like plot Eliot showed).

then does not seem to be a notinbk peak in the positive region that weexpect from protons land kaons), with the plots of both changed and un -

changed mass looking the same .
-

.

• Possibly have plotted wrong /misunderstood data .

• Not sure of peak around -1000
• Need to look at the momentum region I understand how to do that w/ code.
• Plot not clear because not much data?
• more bins?

• Produced Histograms with both changed and unchanged masses on same plot forprotons and kaons , by plt.hist , and added labels
. ( bins= 400)



Week 4 (15/8-1918)
Goals Quinns tasks

• Produce dearer plots • numberof tracks →deletions •

wriaog.mg?report-bseewoticiblebump for • peak at 0 •momadumregion-wpbsp.rotons • plot histogram →neater •startpbHinyhnw
• change momentum region • subtract data
• Possibly usemore data
• Finish

progress reportdraft
• UnderstandU

Summary/Results
charged the momentum range for firstdataset resulting in the followingfor protons and knows

No obvious peak for uncharged mass can be seen in either plots for protons or kaons



Thur 18
"

August
Meeting with Ulrik & Eliot 12 pm
Discussed : • applying momentum range toplots

• new data set→ histograms
•subtract datafor histo grams
•

only shut higher values* • -999 indicates→ tracks
• 0 line indicates→ probability
• make sure same number of various/data for lath• log y-axis

probability YpEn u

Transferred over new data file with masses charged to
1=200Met and 1-400Met

and Python script organising data



sat hlthtmpst
Changed the momentum range for protons
•First to 20-24 Get based on Eliotpaper , which resulted in
(with 1000 binb) Him [-100×00]

• error occurred with cutProton mass unchanged charged
↳ use awkward ?

• forgot change momentum

Both with Bin size changed to 500



Then did the same with Kaoru with momentum

region 7-11GW 11000 bins)
kaon Utvhenyd mass changed

Both with 500 bins



Tried a larger momentum region for protons of
18 -26GW , resulting in

Observations
•The reason we still might not be noticing any difference is because

of how the histogram is plotted which makes it onclear
.

• still not enough data
• Incorrect momentum region
• can see a slight difference however



Week 5 (2218-2618)
Goats Q#ns tasks

• observe a difference in
•

Plotting both though & • Plot format for histograms
changed & unchanged uncharged seem to double ↳ charge to be clearer
miss y-axis

• subtract changed from
• Plot with new data unchanged dataat two Men & -1-400Met •Ñpˢˢ • Plot with newdata

.

• submit progress report report • submit progress report
• plot histograms differently
• How will kaons be implemented?
• Am I doing enough?
• progress report
↳ references↳ diffattire ?↳ method ?
↳ too long?

Summary
Produced plots for the new datasets with masses
charged to +200Mt , -200MW and 1- 400MW .

- First plotted spirally and then comparison forprotons
- Did the something but with momentum region of 18-24 betfor protons

_ soonergave most promisingresult for protons

0



Tue 23rd August
Used same process as previously to producer histograms withnew data for changed masses of 1=200MeV ane +400MW.

↳ [ reprocased data
protons

Unchanged +200MW

the plots almost look identical with a potential right difference with-200MW



comparison plots protons / changed Him-71-5%-48
+200MW Ylim -710,5000)

b- see better

-200MW

some slightpeaks fromcharged mass

+400MW



Python Code used to plot protons with momentum range



Protons with momentum region 20-24 GeV



The above 4 plots show more variation that with
no momentum region selected



Both for comparison

I
shows slight difference with the unchanged mass





Thur 15ᵗ Ahgat
Meeting 2:30pm•• discussed plots

↳ slight bump for -200MW for protons
• Talked about DLL and including LL below threshold/wring•

progress report• use momentum range
18-24GW

• include code sniper

All =Up -Un y



Week 6119/8-2/91
Goats Q#ns tasks
• Produce plots for

• kaon plots as control • Work on code to plot
kaons w/ reprocessed

• double axes
• measure momentum of clubman

subtraction of datadata
• plot kaons reprocessed

• prepare notes/
understand concepts r=¥g • log y-axis
better for talk

• charge plot style
•obtain amore
visible difference inplots

summary• Produced plots for kaons with mass charged to -200MW,+200MW
,
and +400MW

, first without momentum regionand then with using 7-11Get

• Attempted to subtract data to plotdifferent↳ error with array sizes .



Mon 298
Began to Plot kaons for reprocessed datawith same code as for protons but charging the rarities andmomentum range to 7- 11GW



We can see that there are slight variations to the postie side
hear ~ 25

,
but then would be random fluctuations



kaons plots with momentum region uncharged



these look
very similar exceptfor perhaps nightrandom fluidnotions/background

Using same reprocessed data tried different plotting methods
↳ ran into errors subtracting data



Wed 31/8
Meeting 1pm with Eliot
Dismasted :

↳ Plots for kaons
↳ fractionaluncertainties with h1n1 -5h, more data smaller fraehwd uncertainty
↳ pull plots
↳ Plotting difference → ran into errors with subtracting arrays ofdifferent hopes

Example of code for subtracting datasets (unsuccessful)



Week> (5/9-9/9)
Quins tasks

• Plot with more data •How should I prepare for talk • start W9 progress reportto notice more of a • Subtmt data for difference . • Histograms w/ more data
di Herne w/ protons • units for momentum
•

Figure out data subtraction

summary
Produced histograms for drive data for protons, plotfor -200MW itshown below with comparison

to nominal
, as they are of different

heights we need to consider normality .

Figured out issue with plotting difference regarding the array sizes & bin sizes



Mon 5/9
Tried plots with log y-axis, example for kaons 1-400MW with
momentum region Wh charged

with momentum region charged to 9- 12GW
As disscussed in meeting threshold for kaons above 7Get
about half of protons

with 100 bins



Attempted to subtract data again but with different masses thistime -200Met
,
same problem with +200Met with arraysbeing different sizes

-

-



i.
Produced plots with more data from google drive using Eliots

'

Python script to select the til of protons and kaons , with the masses
changes of twoMet , -200MW , +400Met .
This was Not quicker than with pots produced previously .These plots are not for asedut momentum region



Protons



kaons

§
M

OE
I
3

son
8

£7
on
→



Thur 8/9
Meeting 12pm with Eliot .

- log y-axis
-

changing proton mass hypothesis → flow on effectfor kaon distb ? w/globallikelihood
- Plot normalised density =

'

true
'

↳Area=\
- error bars

U=Tu poiSian statistics

Apply
'

out to bins to get array lengths same, python code example
• attires-nom[cut]

entries
_+200Eur]

• bins 30
bins't 50

Clear = bins& bins



Sat 10/9
Obtained plots for the difference without momentum region selected .• Had trouble with arrays being different sizes
- bins
_
a length was 501 ,

tubtouted data length was 500
- ended up using pit. bar/ nominal_ ±#, bins-x [0:50g)
- following were obtained MY =L

Weights=

↳mix

Need to plotw/ momentum romp , maybe log y-axis ?



Week 8 1219-1619
↓ #on Tasks
-

& produce normalized
·Obtain differenc ·

errorbersunartachesin plots for haons
plots · difference plots with

· Normalise plots
& momental region

·change plot style -> fill?
-· Include Uncertainties From meding:

·start We prog report plot histogram with
· Understand plots better

-

weights: Torm (norm=Lea)
/variations in data. ->

range = (-100,100)

Plot of Om over up for
momentur

Plot knows combinedfillplot
↳ With momentum region

Cummany
Plots &ramosfor protons



Mon 11/9
Produced Normalised Plots for reprocessed data from drive with

density = 'true
'

, first done withoutmomentum region, as the
Python script did not have this yet

U

☆
^

T ←

K

Plot for -200MeV seems most promising with the difference, though
slight peak for changed mass suggests that



Normalised

⑦ ji8%Ñ%⇔
-
-
-

- -
-1
_
=
.

.
_

-1200MW and +400Met seem to have more prominent peak forcharged
mass



Tue 13/9
Rough Plan for final report/Talk ?

Particle physics/standard
model

Dark matter & deuterons (intention)
- production DM
- what is deuteron
- how can they form? → pp collisions
- Intention to detect deuterons

Detecting deuterons
- momentum & velocity → mass
- Cherenkov Radiation
- RICH detectors 1-Hlb

Previous Methods
- other methods
- Direct
- Statistical

Our Method
- DLL
- Altermass to subtract back proud
- protons , kaons control
- momentum region

Results
- plots for protons
- difference plots
- deuteron plot ?
- Uncertainties

Conclusions
of



Normalised plots for kaons with momentum region 9- 126W

All look very similar



Using histtype=
'

step
'
with all combined .

•



Thun 1519
Meeting 12pmUlik&Eliotand
find cherenker resolution

->



Fri 16/9
Produced Plots for Normalised w/log y-axis with momentum region applied

the proton plot shows a peak for the diffusa though it is smallercompared to without momentum region, probably due to less date?Koons look roughly same.



Sat 17/9
Played around with

'

range
' & 'weights

' to ensure that the data is properly formatted
- weights→ normalised plots
-

range→ sheets correct data

•Tried to remove density =
' true

'

, replace with weights=
'

np. ones_ likeI oftenKi
↳ error

'

weights should have same shape as a
'

am

•similar to plot with densit =True '

Plot with weights and range 1-100,1001



Turok
Cherenkov angle vs momentum .

Cherenkov resolution angle :

First tried with example small data set with the variables
CKTheta and P

.

- Had trouble with how variable is stored → lkthdu also has # tracks ?
- Tried to just use pit. plotf. I though perhaps has to be plotted different way ?

Moved on to larger reprocessed dater setwith changed masses,



Week 9
Qu#s tasks

•Find more accurate •• Check weights/range
• plot Cherenkov anglemomentum region turret hrmomentun

• o/\o plot
• Produce alunite •Work on difference plotdifference plots • W9 prog report research with uncertainty

• plot scattershotfirst
• larger dataset

• Report Ptah
w/ error bars

• uncertainties •

compare heights&
density

Summary
• looked at plotting Cherenkov anglers momentum, however data had not beenloaded in

,
so we have considered calculating it.

• Plotted difference more aurally• Produced scatter plots with errorbars



Wed 21/9
Meeting 2pm with Eliot on zoom ,

discussed: - comparing weights with density on plot to validate- plot uncertainties on scatter plot firstwith uncertainty normalised accordingly• plot error bars on histograms and differenceplots

n

normalised uncertainty → %
-mm

hurray



Fri 299
comparing plots with weights & density

Decided to use weights as more accurate



Different plot normalised with momentum region 20-24Get

same plot but with log y scale to see the difference



lock used to plot the difference

Difference plot with error bars for -200Met
uncertainty =

FEM
tenpg
t ÑEÑ
lentcp2)



* Need to fix error bar format



Difference plots for all charged masses with momentum region forprotons

-



Difference plots for kaons

•

¥



Wed 28/9
•

Producing scatter plots with uncertainty
lock used :



Normalised plot with weights

• They do not seem to be lining up right so tried the rangefunction with
range

= 1- 1001100)
• +200MW shows a peak → mislabeled ?

This is the same plot with smaller markers .



Mon 3/10
To allign the date range: 7100,100) was used, first withouterror bars,

Including error bars seemed to block date

&
a

ii.

o



To resolve
,
tried to apply range to pit. errorbara,which gave

an error

Plotted with a lot less bins → 80 bins

As less bins
are used
differencebecomes less
obvious

scatter plot with boy y-axis $É

- ⇒÷¥¥.
Hard to see different with error bars



Week 10
b¥

. .MG#?%1anlaintgooWorkonTApsH-point• Prepare for talk
• Error Karson plots is correct for talk
• start report • Cherenkov vs momentum • start final report
• Find momentum ↳use other data? • calculate momentum

region from plot or
• Difference plots regioncalculate • Report plan
• talk powerpoint &
preparation .

Summary
corroded error bars on scatter plots were produced.

Worked on final presentation and practiced.



Wed 5/10
Meeting with Eliot 12pmDiscussed: • error bars on scatterplots- Difference plots

- preparation for talk- -200MW seems to undershoot
↳ because of kaons ?

- Cherenkov. angle its momentum

LllavefornowJ0thernoksswrorbji-j@4enrxTlisrdrn.x
= [ .

- -
-
- ]

ler (x) = a i a C- IR
.

•
¥ N= LOO

@

n :b •

-1=-5
err = In -



thebloon scatter plot for protons & knows,
with logy-axisisear to be formatted correctly



- 200Me) Understoot compared to other changedmasses, f potentially due to knows?
-200Me closer to kawn mass than others

-should be looked into further, look at other massesbelow proton mass to see fulleffect as we get closes
to koon

Code used to produce plots above

Uncertainty used
reentiesand

Fri Y/0
· prepared slides for tal
· started on final report



Mon 10/10
Tried to produce difference plots with correctederror bars like scatter plots

without

range 1-104107

with
range 1-100,100)

•uproot



Week11
Goals tons Tasks
-- --

·analyse more data
· pull plots? ·Practice presentation

· Finalize plots & · More data/denterous ·Start Final reportuncertainties · chuenkerangle vsmomentur 25pages
· Fed confident with · Difference plots with · Potentially lookatpresentation error bars moredata

· Start report

Sum
many· Practiced talk withEliot

a Produced slides for talk.
· Made

progress on final report



Week 12
⑯ Hous #

· protons and Kamos·Finalize talk ↳ date PCL
· Finish writing

apractice talk · Report plan
slides for tall

· understand · practice talk
concepts is movedetail · Write more of report
· Write S pagesof
report

Summary·Finalised& practiced fall
· Wrote first section of report -> DM & particle physics



Swatrac/Exam
Report
-
· discussion section superate?
· (HLb defect

·experimentdetails(dateemethod
· other plots


