felsy \,ng

O = AFWO% SN infuactTon

Lo & oumts kobly i and vast sulject .

Describiney different XD rgim voduive speciali td
‘f&"Q-OVQ_B\'Ca\ \‘00\3

Twg e wil) S’@cuy S\?Qci%ca\\\g on QQ\'A\)\r\/)adx‘UQ QLD

and s &pplica Fon D @\ikr  phyges

1wl (f\/\ou\\\\*() JdisCuss ({{yqé Or dy oaqu%a)fo\ﬂ

Wiy PAD  famefuork Wi desofbe ol Sty
\>ava C’Qr K Yo ook 2N @x\/\/\q\a)rbm o%- ?a{ Kcle
cAigon  ar o\ Wy eFperwan ks

A
Z A At < SM
W @7/ [ C\Oﬂz\nj comne cle §
9 ﬁ ‘ 1,/ o YC \ecfuves
\t‘f&m & » adnig bo fiad ol

— POJ\OV\ S\rower
~  hawon) Takoy)

Sl [OM 7
L as w Wil s Ml count od s locky@ Wiy -
oclr coviekos M POD Famework 5 yuG )

Lecture_1 Page 1



lo dotamn  yr\table Hoory padichions which ene
as '\oac\c%m\/ié o St Qeawcwey abt  collivy

RQF QJRA/\\A&V\&‘\
reacly

—0 mqg;o\/\ MOV wen L A

NOT e[ EANOY

reliable ~y %\,@0((6 QN hﬁﬂ\\é

2 xamplo SR A S fechion

ATLAS®
[ NNLL+NNLO QCD+NLO EW N3LO QCD+NLO EW

50 -
Anastasiou et al

ok 2016-
S M. Grazzini, D. de Florian
o, 2003-2016
—_—
~~
<
+
3 ®r
T Dawson, Spira et al
a 1991-2003
(=9
N
O »i LO
pp — H+X @ 13 TeV
Georgi et al
b = 1978

[slide by M.Grazzini]

Lecture 1 Page 2



—p szvv\\)lod(\_ P&QD D\/Oc&c’r\om ,\0 exhack
RN qiavaw\QVS-

35 - - .
i £ ee 160GeV,CTEQ66 170 GeV, MST
. 3c 170 GeV, CTEQ6.6 - 180 GeV, CT
0.06 i 25F- z :
L t .-'-
0.05 “:'1 - .' ¥
© ’ + E - ]
50 ¥ 1 St /e e . -
) . :“T i " “. :
% 0.03) t b ‘ . E
~00 ' Data % . ’
& B s
0.01} s
0 01[ H‘ s '
0.00% 2 RS s 3
e ), : . . . . ——
0.0 0z 0.4 0.6 0.8 ' [/ S SR S 1 o708,
/’
/
/

Extracted top mass
1.6
(\ d_ \ ) “ ,5\‘ —FitxZ,, :1.08
xi(my) = 3 5 -
(71— 1.3
168 170 172 174 176 178
m; [GeV]

p el ke haw WwVV(J ancex ety
U (oNhvo

COAL - ()Oorkmxa \cmo\uag 0} rROwrbakve QD)
o Aaie W impach 035 sl hurloake QLD

calcalakon on V\l\ﬁo%?cm\ Soerdoley

BM‘(: T MU leable 4+ cower all P(\&D ’N?TCS‘

i 4 lodureS |, Toghed | pics selochd ™
Was e hog|d (Y0 et e iMe oo

featuies oﬂy QCH

Lecture 1 Page 3



- T owsill vt Ik able Jo e A\ s Aedaf|
OS‘Y W alolhon cavried oak W Yo ledkver

but WQy Shwould  be avay ol Qg ™ g
[Qddwe  ojes

- Lo ,\2 &)9 éw-j 5 W leddwer osllbe  flmduwed

AN AT fpod Vashed  Tmpoctoan
N\&SMQ{ ) CO(/\/\?\)\\‘%\%V‘G\ %Q(\I\V\O\O(ﬁké covvwloV\\\g

Uncountered 0 PACD
PLAM
i B ——
- TayoduchoN
iy &CD ,sz)mm%{q[/\ — ?X\d(/\wam VM\QS
- TV‘QQ \M\ -XQC\AV\M‘UQS %DV‘ XQC) O\W\)\NAQ,

~ LD wredns Yo 2t o Wwadrang

- QD corecNong 1y DIS

—

AS\?QG\@ o} QCD  vanar ma\isanor

- e o sechon

Lecture 1 Page 4



= Prblan sets will ke qhan,
Drssasiony A 20 mipdes ™ e \/)of?ir\w‘nc;t
ol lacves  #3 A F 4 on ke publun
CEAN

Chatels  am aied o presnt  Hlair
QQ\U&&*OV\S

- Té@a\\&% Rhadenty o ?a(\Mﬂ\Far’ W\l 2

v obars L T & Wkl @M

¢ Srandord  Scatuing amglitude compiathov)
ity ’"ﬁzym e %\\(aﬁrav\/\ (m \Q\&\)

v O - \w\e Compu FAkon

v Rass GYF A\ider W\\j&g e (S TE LN ST

Lecture 1 Page 5



f\bf\' o} \\Isw&l_

\ 805 - D60s =D QRN (e (v hod Jdisgowred a \aurgz nawlogy-
(g &\\fbmca\téﬁ K(\&de:mé Bar e |es™
(mesops X \)dk\/aov&7

b Aot Yer onduy Einachure
1564 P\u\cmé Gel\-Mamn  and oo gw% W2 pendendty

f\yro\?mg fag "Q‘UO\V\C‘ W\m\a/\, Quantks come. ™
Warw Qlawarc 5 0p, down @W\V‘f)Q_.

?mvz(\\"ag =4 N \/z/ Qu :'2/5 , Q4= —\/5 ,s= Jé

Qfﬂ\l '. ? - uoux

-~ 270
W odd '

75% Puttle * ATT s uua wily aligred Spin (v )
Yo e %rou\/\& Aade A &(b\ka\ SN an
?f\o\vor parJrg R &atw\v\mz,ﬁg,, C()kﬂ%(/\:\r{g WA
Tormi - W€ Sk . B (12,9) =~ ¥ (21.3)
for fe gpw % Secv2 (87, M7= Ay

Ban , Namby,
Vew Quaphawn ambte © color ( 1 ik
] @VDUt\.aQV})

|Aj‘*,fm7 - /\(\—To €oe \u“ ST 7

“hoab,c = 0,9,),

Lecture 1 Page 6



Dewp nelagdtc SCM*%ﬂg (&\&> e»«Qsz(«vavGr af SLAC

chowed et W '\?VO*OVN conton € m‘w\\_\ihg Ccanw/bf—
@MUS ,  Fegnwen  dostibed dese as “pariong”

s pacdon s (doovls ) cemed alwiosk %VQQ VLIS

probed ah a . ot didwnces (Wight ey ")

M OIS, buy vo Tsoleded duarks were cbwred
Lo (963190

197%% - Gross/wT\uda and  Hliteey
=0 o - PLeltan gautsQ \X/mova?o? CON \DQ asﬁgwp\%‘cq\\\c}

’?YDQ— ; \\f\AWad‘ovx \bQCOW‘QT wiaker &l W} Sedantes

20 @7) nop - Abeltan @aucsq X\,\c,orkj OR{ o\ =h CL(;D

Lecture 1 Page 7



(D (Aaﬂram%b\\/\

Q) as an SYU (%) Gouo)Q ,\\,wg—

o@:—z\lﬁ f"w +ZV<¥5 W’)ﬂ(

.n ZG}F 2 ggaL\OSE

A A b b ¢
e Fj\) B 9/0\ A = O F_—Ss%q A/u A v
\\_l

Fluan il MieachyA

= ~ < C absenl
Dn e &85+ Wty Ac "l

1=\ ., % OPOV& 0 Yundawmefida)  Rpveseniakuv
QA - \, _ 8 g\uov) \S"‘méjoﬂne VQ.\)V‘Q_}QM‘?&))’DV\

/‘\I\Q RO Jaa()vav\oxiow\ \S W\\/OU/Tow\\r LN Su @)C
0\ gaugn N for mako)

ite) = U Y0

q L
o2 ()H%):Q\ ST

Au ) = UHA O U ¢ %L\)\m TN )

g )= A% c0+”

Lecture 1 Page 8



or an Wnihsgmal  Svausiormeayon
axy 5| 1ol ) KA
a A \ q 0\\46 b ¢
Aw — /Z\/‘L_’_qua/“‘(x =57 B
5 (lWon g{e\d? o2 Keonked \0\? ‘gauO)Q e WW]/‘\"V)S
P ey PARE/P b‘- AR

?:gDA Q?SEA}

WWegyales ovg r \\’V\TM%) WA a\/% %auo)sa Qq(\)\f\/a\av\} N By
GArAovy

@“uobsz $reny evwn
a~N2
OKCgF = Z\F (/(}Mf\,w)

= \\I\SQ«‘(}“V‘C?— Wit ?Olan condldrn b Fue
Po\qu \\AWO\\ w1 () PVD:Jung ) 3acb|o\b\}”,
croun a5 Tadday ~foror delernifiant -

rl b, ~4 mL L
ot :gbc%ggwcm :
I

Lecture 1 Page 9



e
Lok = a7 pTch

— b
= .Ct 0" 49@““ (8"C7)A L C

g\’\oﬁ& leccu(pbg n QED, Lol indwads Wity 5\\41%
in QLD

Trom Yo Logavgian s ou oxife Sewn o
QLD Fegmmon fakg

o — b = —ab N
oo 2t (]

M K bL4ie O ae
q(\;ar\\ 2 i VLS
%\W) e
-~ cab
9\’\%JY. ) L\_ﬁ:‘;____a \g

P Yie

avark-g \won  \eriox

. G
ewvr< \CJS{U’J
A )

Lecture 1 Page 10



Peea - 9\uom VRORK

Qo &
Lk b
) _)%)V j 6¥O\Q[6M\)<k/?>?
(//ﬂf\ S r 97 (p-g)"

b,V c
g
r 9% (g0 &

Yoy - g\uon WK

a, by

o [ £ @)
; %acqgrw <3””33W, 6»¢6v8 >
L qu& be& (6)!«\)390_ oS %Wﬁ

<Y 1,0

Gt~ Gl WK
rQ
/10

QLC P/\
Y e

\)

\
>
=

I
- C

We will sk W TRynman o Q?‘:O W0 e vewoining
QYY Ms dure  anbss Stxtod OHRray i@

1€ = Fogamon gosCiphon ~ how R handie e A-P=D
=D =hb Ao e Ik a% Fagnman  pvop .

Lecture_1 Page 11



/(éc\;\v\\*ﬂuqs S}w A el QCD &(o\\‘&rmi) amp /M g6

Compuriot o cﬂi Dca/Hsz awmpl) hdes 30 RED o,}~|2r\
lQaéS P ‘lfy\o%ﬁov\ oS; a\g&z\ovdc Qmmsﬁ\w\f OALAAN
ok A \Q\/@\,, “Vhis CowaP\Q.%F 3VDWT wSidlr e N o
6!} ex furval Pa‘(\\’c\w Q" mu\kp\u’ﬁ%") CTn Y ?Q\dv\w«al/\

éTo%m\m o\i{\?vbac(/\/ N Po(h‘cot\w’,‘ W 3— &N Ct* a\ud/\
Wi ar quite complicaded . T Moy CARS ey -

ML avalgfic oqresiony  dend Ao Ve astly mon
Comlicated grom W gl veyak,

Tn s lechure  we will Qwploy  duo a?p\bac\/\Qg Ao
Qvﬁdqv\*\% CON\\)\LS[Q &‘Ca\'HQ‘fTV\Q O\W\F(’\ gud >

L colour  decomppsg o
0. inor Weliarly e paniem

@ (oboar &QCOM\)DGEO\/\

By awplinde or Fugwman Saguown  xpresev?
conle  Cotovrted wH  ploar  an  YuimwaRC paris

Sach g’
~—%
no= ) G N
\

Gy A lagg Q% c\gun~ %6\65‘0(' ond A s purg X
immofc part asually called  “cobur ovdered  phin) owpliule

Lecture_1 Page 12



e z\za(%‘m\ O\W\QVMQQ A N\i%\l\‘\ 2 qoloded P eaclh othe v
ON Qx@\o% WM \oRony ameey A allows Q8 deo compule

N wony  coRe A contais  ewer f'gadv\w\aw W aeyet s

Yo Jed & W

To avdR at a colour S%ac:(w \bagT , U ned P@w#(a«

co\any 0\\03Q,bm\ \QQca\\ AR colouy %0‘ s applowivg
W s QCH Taynwan ‘(M\QS'

=), - Ve
Jcaxg >”‘“‘*4 r'\ Ve -\ \

e R -

Co\owr m\oyzigrm Sor VY] FRapurANs and ke contlond 5
b& So (Vo) -

(:r({“) = O o bl ook (©
N LR
2

TRy '\éw\H%
¢ , \
{\/) '&a&& ~ \3~ ( %]Q/ &X) - E&, 8\3 g\\@)

Lecture 1 Page 13



9
Q?( Wq) z

= \y
\)‘Q.?Z) -\O‘)skﬁl\‘ /25\, U@)

- T e —lorullanw]
\\2

[
o~
)
Pas)
o
>
_?)*
+
J/
vm
o
(Q

%xaw\z '. B\ — 29

Thore A D Tudnman Ay AWS com\ﬁmymg Jo W0 gy

>.«~(<) (s - dranpel ) \i‘: (¢ oyl \/D(\ (\,\ _(\Ao,uv§

Lecture 1 Page 14



d

- _ Q 19,~
W V)% \Csﬂmm L =19y 0 1
(?\WL)

g %0‘ be Lg)"'\/ Q—%ﬂv\)g

S

(l

ok L a
{3\3@\\ AS)\ 4 %\L{K\ AS,Z

e oy - =g L €TE®)ENE) [T 0]

\2

\Y V N
| o CX A M(R2w)” 197 (1a) }
d\v\é Asll:vlﬁ\&/\ \?\3(_)‘?(4

e Yt As s Svawwm\& ondy Py e 4 QM\AO\V\")YL.,

Lecture 1 Page 15



M- T8 19 by T7 0 XH
L‘?( *\DA‘)Z

b
< %L g T u®) €76 e )

P\SL= g%\(kb\g lA”c

vy AJC = ﬂ?%é Q‘v(?;7€,%\'(% )< /\;_2“6» (?(\’%) Wv L\@I)
(R L)t

FOV We Q\M\m\ éXdﬂWW\ &doq Cown \V\nom \r\/@(,

vV oa
Mo = le\&JC\L,’ IAY\A

wee Aa o= P (R P )
e ) enikbukm % 0B 5% ader g 35
M= s MY N
= %&5\/\; (AL Fw&x) 3 kbgkk?g (Au - A&/\)
< chk Jcbs,g An 3 {%\%q)x( Aya

w\ne (o A\Dq - Ap Q?3>¢—; :Phy

Lecture 1 Page 16



T Spinor heliody fotma\iewn

Leds  vecall YW Diwenc leuo&)\v\r\ %/ar Masgless \)m)\\c\Q N
\MTIM QAN Space
% ule) =o

e P = 70 and e Diac wadder S fh-
LA S Y = g
/6?’:'(60/6’\/0’2'63

) =T
(Y = VY
Wry)  regresenaion
ot AxL YT
o (DA i _ (0o o (4 o
! <ﬂ0>'v UTO)'%&\O
SU\(,\'\A\/\U\‘\'
o O i ﬁ
y{ = S ) ?_\— P—-
Y 5 5
= o+ > N

1
Were YT = R AN
?_\- = ?\ 3 °\\?l a\/)é Q_‘_i (P""%\?_z

Lecture_1 Page 17



Te olakn » wmossless  Divec ggfuom%‘ov\ Y{ NOEIED

NT
@) = AP @ 4
AL
- Ae
QF s de Qe %a&%)ﬁ 6\MQV\ ‘o&ﬁ'
5_’\% S \?2 Y
/\J?\ '3'%1 W

“We Sgicor SRV can R Lompria int S oron &
Wlichy  thalos ey pjeckion cpefrlor

)
Ve = é(‘ 4”63‘) < (iO OO>

_ SIAN
TV = l(\\?@ <0 /_\\v

)
ORI \)JQ%) \(Q?/QSQM?")WV)

Q. wow "R
ﬁi 0
04 (p)= P L) = (Q "1 0_g= TLLw)-= rO [i%
=

N N

Lecture 1 Page 18



“We Comu%@tb $Hmors ar Hen
. (f) = ui(?ﬂ)o = (D, 0, @,/{FQ;‘%>
o (@) @, ', et o, D>

war. Ve Slurone W%H Yo %\\m\)lma NOCwa LTzadopn

SHONNORILL
We il R YW %K\o\uﬁ% wotadon hr U4 and Wy

iy = 04@®) = V(@)
il = - = V()

i\ = 0@ = &)
)= O, @- v &)
We can pow Lhio Spinor (\)«bc\uck N Q?W‘OY §Y7M9€
57 = VLW
"7\ = - @1 a- (@)
GBI < oMY u_@®)

- Qi

Lecture 1 Page 19



Ueba) iWdenkimg

&yy= ~Gi, Tl = -G
1?379{ - Uit) (Boc (eal momentx )
L5V - Ty =0

y AT RIS
Scouden ‘(AQM\'W IR RO + LOGK) =D
Fo Benfidy 2GR ITT = I HDT)

ST T = el |
VYL = WY
Li%) 0\ = 580

L) = o
A5y = TiThj1=0

mc&\oss VQ cdey \owovw go\mﬁSo\hoV\ can\ \AE W e
™ Yerms %Q Spior s as ?a\)obug




We can  s\ow dnrt e @iresoond b Y Usua) _\>o\om\ Tadoin
el by Gnoviie + ;

r= oo, %) o= 0 (7=

/

o1 = U@ T v @)
0
o - &)= 0
@)
F&;QF
u_(r) = Q«‘Pr 2%,

L07°7]) = 0
(r’?fii}:Q@;ﬁQ

. . T\Q
Lot =~\2@ Q'
(et ) = O

(07 = QW Qi tr

TLPr

&ﬂa\bgpus\% R @l S Aal

O
e @y s )

Lecture_1 Page 21



Tw.SWW~ww&m%mqgmwmg$MW@mm
Voehe A\ Sahthy W NI ISR

[é?ﬂguffrFf £ @)
EL® ) ~f=0
evan) [ ] = -
@) (éﬂ(ﬂfﬂ* = O

Now badf\ ’BOJ\AQ, ua—vQJ &‘cd%\UTAE) w Q
cong red W e %&QCOW‘?ON\‘D\A SechoIN

~ 2 _
A N IBJ’”\)AK\EW“J
L 2R,

RQQ{)I/% Wk GQY BV \/Q\\é\hé s
u@b%J+W?@HMQ—ﬁciﬁhMg%#§WMM{)
Wiy (ae) - W hhy
N klig 3 Fong o, F-4-
0 \o\\\é Cc\/\Mwa NS A
A_L —S- L

-3

Lecture_1 Page 22



s o Compele 4 -4 - rfigureiony

T3~ _ [ _
A= N SR O (7 @) ¥ @) T, §)
2 ligt,sel
~ L
- \9s N\ t36u%> EQ,()» \
2 % £ >

= r\f:‘it 2 L4y 1327
oL QIP\’PZ

2
_ 190 44y e ere. S, = (248
S\l

W ohor W\To’u*ké s JUICHONS  Con L dhbaed bj

fot -

{A‘\C\; T L XQY‘W = T%\Sl C4\3<,2§7

AT o AT (Rew)
2708 Ayl

—

Sie
AT e AT g

< _F\ Q)SZ t%l’)<9‘17#
Siz

Lecture_1 Page 23



p@u& 0R  Cav) COW\\)LH‘Q gqfuovo,& owp\’,)\xéq

_ 12,4, 2% 0 h oot
4,-4,)2 L (54( L% :O)S T

e
|A ! = )A g\l Sl

U _ s
UL Sa- S, RA- 0 R=-T 200, =00 By = —%

\A.S_——‘-X)Qf 1 \A~+—&~)Z %q l? %2?1 ?(4 4 {

=9
S S
TIA -2 £
\(Q“G\é §*
X! :(ngu ~—\\\)— 81 &Q) A @
< 0050 = N
N~ T
C
2\,\\\ \ ZC C [7&1\?/
clor Glo

o )
<€%S\k - S 3m> (&Q&; ‘%fzi@u)/%l

- (wf—\NM

) L (
2 A pi—’ | /] t +\)
agwm M) (NWE-1) L 2%

Lecture_1 Page 24



IA\\Q Can a\so \pQ COW\PU(‘IQ—C\ U‘é/\g f“/-Q d’\&(V\émVel
hoc dedniguet

- 1 1
Ay - 1%\ IBSW\)MXK\)}A@M‘U

2 9'?\ ’ ?L

A RS PY S B A S

Spn 4 Q(ZL

JC([((;M a’\zayz{o} :4§M\)626— __(3)"‘? 5\16 . Sﬂﬁ‘a\lg)

u
o 63 ~ P V* QV?P\>
0 g\z <()S ?‘“ R e

- <@zr P = T2 Omo 4 gﬁ’/‘)

4

< 4%

o P - RGPC £ N
> &VJ_ 5 By Wﬂ boRf Ry

- R R 4 3 ARAA - § AR
RA7A P A -?Wv\ Pr% ‘?\'?al

Syv\ S ¢ //

Lecture_1 Page 25



Lecture 1 Page 26




