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__ digenssing  pacticle piySics dedectars and eppesinents.
| Aftes "T‘bclﬂ?;l, Ee. Ol have o suflitent fwndation
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|| wi (h bhq_( P@(h‘c(_e S, wkﬁ““ 'GDFC__Q__Q 'hﬂ-ﬂg are SQAQL'H»’% 'l't:._,
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—To discuss fhege ond ofler (ssues regacding particle
_physies defection, T want fo eouch it (n Do indroduction
Lond discusSion of ene of fle ‘?—FPQ-_(_:'M.{‘S ot e LHC,

—Weil dvscugs ATLAS (fle textboek discucses cMS ablf)

—buk e gevoral properhies and fechinigues ore witel,

‘,foﬁt‘cq_‘o\e Gnd used.
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E;-f__*b_ fa beam at the ¢qfecaction patat. Tts
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s dewe ._«ragisek_fg_%f massless parheles,
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. Okay, fhatis m o &, what about p,2 Transyecse Momentum,
el P 05 just (e elfective cadtal oerdate on fLo
I— ..ﬁ)sinriﬂ'\Mi‘- PLts e ma I nrtude of Paﬂrn'c:le_ Momontum
L tab (s dremsverse ds the protea beam as (lustaied
— o on e dvewssg of ATLAS. ifk&_ % (pseude) mpdcty,

—Pu heg @ nice propecky, at hadren co(liders (ke flo LHC.
_ | e daihial momondum of e f!roJfM.S (and troir agtituent

B %"«Afksé? and gluens) is along fle 3 ayecs of tla
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| Vector 's O, and Sy s Tla fnal Avansverse memamtum
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—easyt ppasuce ot Gllider egporiments (ke ATLAS s
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—perkele propeckies. Her®s o hoad-on yiew of flo !

 ATUAS experiment: Tntecachnn potnt [Profon beams
B | - S Teacking System

— Elechamagnelic (EM) ealorimetes
~Hadronte Coalertmofer
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o edd of e dhamed parkicle. For fhos reason,

L arged parheles are affen alled “deacks ot fle LHC

_ Wwile s is naat L it st necessacily useful by

J ﬁ‘se,\g ;—j-‘*s— 3 o‘o_SQru_Qr;\%_ fle tacks of Pg,f'\-l‘c\eg. Whect
| Makes tle ichal@u_eépegcu\b useful s fhat in

L the ’.&:ﬁ%@k\?t\g,_ﬁ?—‘jl‘bﬂn, fleve s o solencidal Mog_mi

- Fhat bends therged gacticles. The solenocidal feld

| Polats _q\e;nﬁ e 2 -directien (pacalle tv e proton beam)
and So _c“\ur_g QA_FO_“ tecles' 4ra _d‘_g_c,kwits ovre offected l?j
Mo magaifude of the partielels charge and its transverse

| momentum (pecpendienlor o o freld), Se Tle teackiqg

fj_s{&fﬁ Us S_ensfiffvr;  both char 7(’_ and  vomentum

| of particles! Lells see Wow (hed werks.

| A is shenn in Branple A f GroffdWss BaM fortbook.

Xe radpes of cuvwatuce of a C“\wge_»gf{"'\ transverse
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J"‘W{Em Py N o fidd with streoth B s
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1 A—s, "dri_\'_ke,n.{ [his &= ta ST wacts Lm{{rs, ng_\om\os, Tes.[q)_}_
| so not s _L&S_Q‘F‘*& é\‘fedr.\y l%f _fzar{ﬁ‘de, P"Lg g(cs. CDﬂVth‘ﬁ
"'D uncts where R (g moters, R ‘"ST“"'S\‘*) PL (s Ge\ and
QR ve e chacge ia uaits of {le dotron charge
Gy [Q-"(o( Cou(om\osi e \ave
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O{ fle ATLP‘S ‘\‘fﬂf—k&(‘., N radius o'e carveture (g abouwt
| L5 moters
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70, by fhe cadlus of cwrvature e can cwasure (o

L megnifude of Avansversems momenfum ond oy e right
_hand rule, can mtnsure the Sign  of the Cth‘Lf_zi?‘: ﬁ_’g

M partcle.

o Mew & s reasuced, thouyh? The backdy syctem
—onststs of many layers of nalertel ey from fia cnkachin
; L poiab. As fhe chacged pacticle passes Trrewgh T hits
- __‘_._.@S%_\q}‘?:{ﬁ-' - = . -
Wheve {le Josses
Ore hets,

| Guryottere Can oo ddttrmined by o mintmum of 3
s, Mheuglbiie tracking sysfem <k ATLAS Gos many
o L \osof layers (~20). Importantly i} cs tia cucvetnce,
—ast e mdivs of curvatire flak (s mere easily measuced .
e curvafure (s just fle tverse of Peradics of Cucwature,
[ which {3 taversely orepertional to transverse memontum,

| Nofe Klak e wncerfainty on fh corvakure

AL e AL s BT o
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— Tebis e wncermindly on fve maswrement of momefn
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 Mlerefre, ok s tneresstngly challenging fo mmsee e,
— i e tradting Sysfemat high S— .

o This oo somawhat okay, floush becawse of fhw aexd
- ek of {le dodeckor. %EQ_EM.@@A hadrenic calecimefers
[l \’\_Q.u_e- f‘—&— sSams, bmstc 'Emc_f_iﬁ"\ . ‘0“_"' ore &Sti_%‘%é_ s
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B be seasitive v A:q&aﬁ‘(_‘*g pRS _O-Q_ _Qa_rﬂes. _Ag_c_‘q,\yjlm;"e{_ﬁ
— Lese parks of Neeprirent are dosyued 4o stop particles
L and have fhim dump all of fheir _Beray nte indivcdual
SES—— CM@‘“— calorinmoke g C@l\ei“'\'bweﬂrs_: Tlese towsecs |
—are Gl segmented i d and M Gad can tlogefore

bt wsed do daferming Mominbe of parkicles, assuming
I | ‘kLﬂ;Poq'(w‘c\es_arc,_ massless.

— A fletr names suggest fle EM and adron e ealorinetecs
[ Qe seqsitive fo EM aad hadrsnce  padcation respecteuely
- I'\_.eqr_ft.‘cq-_&qu_ fle EM calerinate- stops eleckrons aad
L phetonass low mass pacticles fuat takract via electro magnetism.
| The most tmtDb-ﬁgf\A' Weu s that tle EM calerinater
L Stees (s f‘\m.u_.j}\ lenizaten adlafion ond
| bremmstvaluag L'_“‘lfe;-’ft([y. “‘Ofﬁ‘*k"’g rad catpa” ta (_Te(_‘““'t_\-

e By fbook omes Theowgh a defailed durivadien of
e Yeory of (eniziny cadiakive ravqs, (esses, so T
Lwoen't deskeuss 1t much hoge. He L ew.fj:j charged

L parhicles like elechrons  can Tose enargy by passing
dog_e. "rb e (/\’\"\.r‘je__é._'eg(_?—C'&fO’\ C\b_t.\.&_ g:_;'F qu‘&m:

. _'ﬂw_ gy loss Per _Mnjri\ﬁv\j_ﬂ‘; of A uta {enczing
. L radiatign was firek cal f-u\_qﬂc\_‘o‘j Haas Bethe i
L the 30s. He Hwad:
~— s HT Q¥ N E ¥ MeV _\°
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_ Vare, a is e fne sfudure wasfant which

L fs ooMeasure. oE 'b'\i- SJ&gq_\g‘H'\_gF eleeAro Mﬂ‘:w«h‘sn:__

— S —— — — el — —
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— i Pmrﬁc\_e_ (n Umi*__s_ _Q'F ‘e n Cs_‘\'l\u_ngm_h_er c\w\_si'\y .;;,‘F
i L odomas i e madectel, T is the atomic aumber, V
_ s e yeloctof e particle, Me (s tha mass of fle
o ,_eﬂ_ec_:kon,_ nd W S O qu_rgc,{ejcsh'_c —Mﬂj (f/e%e,\c.:j_)
| dfference between stades in the atom,

This frmula Says That more endvgy (s ost if e
L madecial s denser (n tacreases) o {f {lore ovre mere
. eleckvons (% tncrenses). Alse, wot sucprtpingly fla
- | coke at which 2 Y [est (acreases wi v '\"«f‘b'jk
: e \ogacithmie facher: Faster parkles 4 (ose emamy
— more gunickly flan slowes gartitles (celatevestica(ly). -
) - Bremmsiolung, on e otler hand, 5 fle process
by which an eleciron amits R_q\l\b'\'bn_, whiel decreages
|| ks ergy. Ta a QL@My_, a _photon can sP\\'+ tate
) | on elechven-positven paic, aad decrease Lramgy, We
| mzj_\'\*_ exgcess Ylege yrocesses with fle Feynman

é_CO\Drarv_\s-.

e
e e

o Wkile %r_em%s&fq(‘;tj can be calonlated by tonsidering
- '“’\0/ C‘O‘.\C’\Q‘\r Lwmission of o l_p"\ckb'\ Of:F o'f an Q,lec:{‘ron,
1] T \,JC\\ vasf‘ _ o’va. {le r_Qs_u_U" hZepe, Tha V‘a-’\"’- cF Q»\ﬂ{jj
| less per \M\:Ek [9_‘_@‘(&\ Ute Bre_/_mﬂsﬁnkui\j s

Ea—_FE
W ETR Whove o o called X rodiation (ongfle
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| e radialien \%3‘\‘_"\_ Xo Qb_( o elechvon to lose
— . 7Y g Yy ¢s_ o function of the Materiel ﬂ‘\fo“_s.l’\ ‘-’_‘I_\I‘C"n_
e e?eg\*bms houtng, just like (omizafion radiatien.
LA cadiation length is fhe distance opver which fla
lechien Loses a Feackion e (s2.38m..) of As gy,
Typreal radtation lengths ore of order centipmeters,
. 0ngd your Calerimefe should be Many cadlation

. _lewgfte Tk Yo caphure all the enacoy of (e
_ I eif?kfm, # | Gl

AL ATLAS, fe EM calorimed@r consids of lead
_plates tmmersed (a liguid Orgen. The léquid argen
. toniges, and fle erergies of low evoray partitles male
o teoasuced efficienty . Te (ead plates Lhave <Siveng

. Stopping powec for mere emacgetic pacticles; (ead has
G of Xte gherlest radiatin &%em (about S mm!).

| Togethar, flay form e Em calorinater and stop
- _ (aear ly) all Q&.@CQ.TG“S and f‘hpfuns_ creaded M colligron,

§ [ The houdvonce calerimeker Oets much ta L same
Loy as {le Em coukw;m{erf- Mowever, it must stp
- L particles it o mych highev Mmass (lan eleefrens. Hadcons,
— Mke prans, tnlecact most stoyly with afemic nucled, and
| not Afsmic eleddvons. As su 1\7‘ flocr nieractins
L Ark More czn_-'itn?lfc_:_‘tiﬁ_—é e \M\A@«f‘s‘(ﬂné \:>~1Jl' _h’.\‘- Same
_ oasic _p.rt._f\c_é__plgs.__qqr e at werk. &&.&Of\% pass 'W\foug_\'\ b S
— Madecial and Bes (ose Svargy by inelastic cllcsions wity
§ _ofomie mtdei. Te cate of Couisf?)"\i,_ L.j:*_:»..{' like lor ?ﬂ'\_!"\_S"Y‘_’t(“_‘“j,
—.can be chamclerized by A nudear (nfecackion length,
o L2z Over one. X1 o Wil —Lvargy hadyon [oses a fiom
—— & of ifs ewargy fo tnkmchine with vucler. Tron s one
Lof le. materials Wit K ¢ _“_@5*?\1; in ATLAS, fla
. nadeonte calocimates # consists Mostly of (con.
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M and fle hadroace caler .t‘f':\eztc_fs abewt W Ar (n depth, [
s _Ce;(_h»res almest O\l of 1o enicqy of wadcons

_pro Swces C_f\__e;r_cﬁm collistens.

| So, we've cophured olmost all rodiakion tlat
touw\d be crexted in collistonsg! Tove ace ‘E‘_‘—-;_MFL;

of particles fat ex st fir o lony enough dime) that T
Meowent mentioned:

\\_M“L_"_“S- Muens ar@_\i‘ﬁeded‘“’“% but are 200 tines
heavie,, ond so lose much (ess gl n
loniation and EFWS_*YQ[&_V@. (For the same
nge, Muens are oecelecald (ess fhan electoag.)
The Jr‘l@\’_\mﬂb«g&_qu e LHC meosuce Xlatr

~ Retigy Vs o first give ue hepe ok we can
stop Mam ¢ o calerimaler.

A'_\' woih ATLAS and CMS , outside of Tho Wadcsarc

Qﬁ\b!‘f!"\fé\f‘f; fleve fg a mnen dotechion S.gSfef*-A"'
ATLAS, & congiste of deleckues & ¢ '\‘md‘-«fy NN

o Wk toroidal magnatic field (and whece ATLAS
_gefs ITS name)), %’lmns ore tlecefere pboseryed
e inner fracking system and {1y owler

Mmuon Jprqc_)_.(u_r gn? '\11\‘5 re dund Ouftc:, enables

high precision measucements of muoa Momevtum,

AX ATUAS, fro sfocoidal W\ayr@]n‘c, field s arcanged
So ﬂ/\ob'\’ Mueons b%é ,\1\9_, 9_;5091""; AC('e_c:\ﬁ H-aal

_o0s fa The tnner '\T“d‘?—r ot s P e J\Y'U@-d(‘ﬂj
o:p o Muen weuld \bokSoMQ.ﬂi‘fy l_t'kQ‘.
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l R deterfa” | |
T fed W Arony Hhe muomn "ﬁf@-ﬁ.@kf@_ _‘é-ﬁ*tjlft‘f‘ Wovg_&_

e Glecimeters (Whare fhace s O magnotie {old),
| ) The offer particles T havent mim Noned are

newtrines. Like phofens , noudrines ace neudrml
and hawve (very,yery) small mass, and sq sno
might fhink dhaf tloy weuld [eould stop tn
6 colertmatts, However, psubrinos mierack
neredibly wealkly with matfe,  and sp No
Vast megerity of floa femt | pass COhY fhrows b
mc\@@g—b’f;*a’f‘\_eu* So muc\f:\ Qs s :Zbe-[_\m,“_- _._J
I_‘_\é_‘?—et\,_i‘/_x_ Qo“l‘-{'lr fkg:‘?.;fcﬁ, we assume (Lot
_remtriaes do ach taferact it (e lolecker.

Rosenar, this dees net mean That Loy are
_“inugsible” We coam see fle offectc and ey istence
AN =, o Y95, o'\ P%J«ﬂ@cﬂg. Recall T sald _\_9@%3.@._ :

o Momatum dransuerse Yo Yo peoten beam

15 O, Well, i you moasure o non-zep
o \p_\:g@ en fla dofechor, on o newdvine (e

o few of Klam) mest have teken ftu missi0s
_ Mmementum awayl
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o oad we'll Kalk qeeut that neare tle ewd of
Nl cemecter.
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ATLHE ond CMS dafectors, They are el refored
Ao os YT heesetic dodectors because (as besf as

foughsuf Yn sterodions of o sflece.

posible) floy capture oll radiatisa from prafon cllisdm

. This tugk 03 ompessible, because at last, flo beams
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_efc. Howeyer, Yo WwVerage vs oflavrwise excefT-bf«!.

Tha Avacking sysfems o exfend s ouk to M=25, ynich
L ¢s oaly about an amle 6T (6° aloeve (e 0 roton beam .
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