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Parameter LHC FCC-hadron
collider
c.m. Energy [TeV] 14 100
Circumterence [km] 26.7 100 (83)
Dipole field [T] 8.33 16 (20)
Number of straight sections 8 12
Sector length [km] 33 8.3 (6.9)
Arc length [km] 2.8 7 (5.5)
Number of IPs 4 2+ 2
Peak luminosity [10** ecm-2s-1] 1 5
Beam current [A] 0.584 0.5
RMS bunch length [cm] 7.55 8 (7.55)
Stored beam energy [GJ] 0.392 8.4 (7.0)
SR power per ring [MW] 0.0036 2.4 (2.9)
Arc SR heat load [W/m/aperture] 0.17 28.4 (44.3)
Dipole coil aperture [mm] 56 40
Beam aperture [mm)] ~40 26

LHC s FCC pbanll & 2l i) patbas : (3 — I)d sl
: Luminosity (£) 38 -2-1-1-2-1
IS CallSl  Lealisl (e ) cladbiatll dae by o iy (5315 oyl Jal e 2l 5
o Jsanll 2ty cladbaill e ol ) £ dad ol ) LS 4l s 4580 e cm?
ANl AEMall IS (e AN 8 laaY]
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B da yall 8 £ = 3.103%cm2s 1 385,00 55,3 FCC-hh aduadl i s
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10 ki Al calag )i 20 o ki s 1 5 50 M) J sk FCC-hh oaa all 3
el 5l el Gl lilay lial

FCC-hh g all cailsl (2 — 1) Jsall

Parameter Unit LHC | HL-LHC | HE-LHC | FCC-hh
E.. TeV 14 14 27 100
Circumference km 26.7 26.7 26.7 97.8
Peak £, nominal (ultimate) 10%em™ %7 1) | 50715 16 30
Bunch spacing ns 25 25 25 25
Number of bunches 2808 2760 2808 10600
Goal [ £ ab”! 0.3 3 10 30
Tiner [331] mb 80 80 86 103
Tyor [331] mb 108 108 120 150
BC rate MHz 31.6 31.0 31.6 32.5
Peak pp collision rate GHz 0.8 4 14 31
Peak av. PU events/BC, nominal (ultimate) 25 (50) | 130 (200) 435 950
Rms luminous region o, mm 45 57 57 49
Line PU density mm 02 1.0 3.2 8.1
Time PU density ps™! 0.1 0.29 0.97 243
dN g, /dn|,= [331] 6.0 6.0 7.2 10.2
Charged tracks per collision N, [331] 70 70 85 122
Rate of charged tracks GHz 59 297 1234 3942
<pr>[331] GeVl/c 0.56 0.56 0.6 0.7
Bending radius for <p;> at B=4T cm 47 47 49 59

Adlise cleslias 3 FCC hh <aalsll dileial) L) paibadll (4 — I) Jsaal
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353 102 — CEPC (Baseline, 21Ps)
e - W'W (161 GeV): 5.6 = 10*° cm®s” =
- |
= L i
%)
g HZ (240 GeV) : 1.7 = 10* cm?s"!
E 10
S E u
-

# (350 GeV) : 3.8 = 10 ems! __——
(365 GeV) : 3.1 < 10™ cm3s™

HZ (250 GeV) : 1.5« 10% emis e

1)

10% '103 .
\s [GeV]

Cladbiadl) calisal Luminosity (1:) 5Lyl aAdla ;(4 — I) Ja

FCC-ee ¢l pall Llaill Jici ¢ua /s = 90 — 300 GeV AL K e AlY¥y

Accelerator ring

Collider ring

FCC-ge pibadll ashdian,:(5 — 1) J)
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FCC ataall 5 5 ball 3 salll I Jadll

: FCC-ee JCLD «ié\s -1-2-1-2-1

FCC-ee Jia yiadl casl &Il aal sa CLIC-like detectord | jbsiz) CLD

CLD <ailsll haphasian ;1 (6 — I) Jsill

: FCC-eh (Qsua / O 5iwl) adbaal) -3-1-2-1

Lt s g 1 LI ) ALY Conll el 155 FOC-h polacad) i

1 5 60GeV Llhy Lui g il da_jnd Jaisall 1515 50 TeV A bl All 5 555 ]
oo 3oke adbadl 138 () S g ¢ el paall Baaal) il ol 3dl saas U idl a5 L
B Gilanwa SLEESY 43Sy Laa 482]) ‘éjh: Higgs aieas

ol sadal) g S ) I e s Al 3 Lagl
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FCC ataall 5 5 ball 3 salll I Jadll

: FCC-eh «dls -1-3-1-2-1

All Numbers
[em]
-~ 438

PK: Status 11/16

(il @ p Kl aladian ) (7 — 1) 84

parameter | LHeC CDR | ep at HL-LHC | ep at HE-LHC | FCC-he
E, [ToV] 7 7 125 50
E, [GeV] 60 60 60 60
75 [T&V] 13 13 17 35
bunch spacing [ns| 25 25 25 25
protons per bunch [101] L7 22 25 1
e (] 37 2 25 2.2
electrons per bunch [107] 1 23 3.0 3.0
electron current [mA| 6.4 15 20 20
[P beta function 5 [em] 10 7 10 15
hourglass factor Hgeom 0.9 0.9 0.9 (.9
pinch factor Hy_p 1.3 1.4 1.3 1.3
proton filling H.y .8 0.8 0.8 0.8
luminosity [10%em =271 1 8 12 15

Adliie Cleslias 8 e h il dalia) Lpulul) (ailadll : (5 — [)d sl
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Drell-yan Jell diaal) el I Sl

rdadia -1 -I1

bl Clia ae aianl ) AR (g (1 e Drell-Yan Jelidl Gkt Juadl) 134 3
s J)saS die daalill dpaal) clidaill ) Ll (3 ket LeS (a5 aal) Jelaill Jladll
Eall (Future circular collider) FCC (el asbad) b 4imaal ) Y sea s o 53l
DM dalladll 3okl e

:4mal s Drell-Yan Je\ds -2-11

Gl g yaled) (o 5 (0 daa &) S 5 &) oS ol Cas undalize s ¢S Jeldi s
ok e dal ) &5 Jelal) s (abcae G st g o @) QU gl ez g ) sldac Y dadliaiall
aie yual) (Kay 35 6le 50 (e ST 2 Tung-Mow Yan s Sid Drell ¢l
A st DA e

P, + P, —» I* + 17 + anything (1-10)

Al Jeliill dann 4y LS QCD (e il (8 Laga |53 aisaal Cual Eua
(WsZ Lais]/1s charmsbeauty ) s Classa GLESY  Laayf caal il
8 skl z 3 saill aay L Bada ol (e Caall s S dpaal 53 Jelill 138 Jlage
100 TeV ) Jai e 4l vie FCC Al Slapual) arlias

Ll g yaled) adbian A L sk A g jaall Cilleadl Juadl (e 4l Jelail) 12 jaaly sy

/'\/F Jls WE ! \/!'

E Ttl x> " " ;E T(l x>f e /‘E 1‘, xb%

Drell-Yan Jelél glaid Slabia :(1 — [1)JSE
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ABlal) sie [ gid 95 WY Drell-Yan Jeldil Jladl) adaial) Gibea -1-2- ||

: 100 TeVv

Hi(P) + Hy(Py) = £7(1y) +47(1y) (2-1I)
- A e l] el pdaiall s o i

q+q > Wt et vy, (3—1I)

s Jo i dr b -1-1-2-T1

 Je il s 2, e 1 (e (il 8 Ao
Bw 1 - YS i
M = ——yH

5
* |~ +357] 50 4)( v (%))v(pg (4~1D

C s e gl bae Gl S5 S s V(py)sulpy) At

Sl e yaba abias g siul s G5l s u(py)s v(p3)

Jeladl) 48 (—— ( )mﬂ\did

Soere i qqu
de Pt L:wj(qz-l-—M‘ZN X [_gHU + W]

My > q,qy oY ?\:2" aall Jabs 5

w

M‘BJL\QC_\@‘L\AJ
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[ —isw [ 1-y°
M= lz(qz + M2) {V(pz)Y”< 5 )u(pl)}

__+,5
X {ﬁ(m)v” (1 Zy )V(p3)}] (5 —10)

v(p,$),u(p, s) a3l ) s cv(p), u(p)

DAl g e laa- 2-1-2-11

IM|? = MM™* (6 —1D)
1A g
- PN Sob &
_ 1-vs +
X {U(p)Y (=) v(ps)i (7 =10

A Clifford s ol s Jlexinly
v (p2) =Y’ v(p2)
YoyH Y0 = ¢
u* (p)y" = U(p1)
VPV (1-y)u)]* = 0OV (A =¥ )vlp)  (8—1D)
vE(p2)Y° = V(ps3)
YoYU Y0 = yV

u" (pa)y° = u(ps)

21
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[G(P)Y' (1 = v®) v(p3)]* = V(pz)y*(1-v>)u(ps)

::\.’..w]\éé\f"é‘)lgs @.&434_&‘3

= 2(q?f€1z/lgv) u(p)y* <1 _2y5>v(pz)v(p3)vv< _ZYS) u(ps)
(9 — 1)
: il
Sw _ -y° _ -y
IM|? = I+ ML )2 [V(pz)YV( 5 >u(p1)u(p1)v”( 5 )V(pz)

ORI G VR TR M L TTE) ICT I

: Dirac spinorg=ibai aladiuly

z u(p)i(p) = p+m (11 —1I)
spin
> vE)E) = p—m (12— 1)
spin
Do dapeaill (S
_ 1-y° _ 1-y°
D W02y (U APV ) V(p2)

— O 5
= (pz—m)v“<1 Zy )(p1+m)v" (1 2y> (13 —1I)
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1- 1-—
> GV VTPV o Du(s)

2 2
1—vy 1—-vy
= (ps —m)y, (TS> (ps + m)y, ( 5 5) (14 —11)
REaY
M= M2 (15— 1)
spin color

2 2

M = () 3 (3) (3)  Teltps — mvia =), +miy® (1=0)
X Tr[(ps —m)y,(1 —vs5)(p3 + m)yy(1 —ys)]
G (e ) o) S i — S 0l el S = 5= 0okl i
- dalal)l Jleninly

{{Tr(vs) =0
Tr(y’) =0

M= (5) 3 G) () s
2 3/ \2/) 4(q? + MZ)?
X Tr[(p; — m)y*(p; + m)y"]
X Tr[(ps — m)y,(ps + m)y,] (16 —1I)
Al Y el s Jlasily g A8l oLl ALY Jlealy
Tr[y"y°] = 4g"°

Trly*yPyty©] = 4[g*Pgh + g«ght — gt ghv]
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Trlp,y*p1Y°] = Tr[pSvoy*piveY°] = pID; TryeY yeyv] (17 —1D)
= 4[p4p} + plup2v — g"*(p;py)]

Tr[payubPsYo| = Tr[pVeYup3Ysyo]| = PADS Tr[Ysv,uvsyo]

= 4[p4uP3v + P3uPav — Euo(P3P4)] (18 —1I)

D a3(18 — 1D (17 — 1) otlabaal) oy

Trlp,y*p1v°] X Tr[pay,psve] = 4[pyp} + plup2v — g*° (pip,)]

X 4[papP3v + P3uPav — Euv(P3P4)]

= 32[(p2p4)(P1p3) + (p2p3)((p1ps)| (20 —1I)

:M\BJL\QG\.\AS&;\J

4

1)2 3 <1>2 (1>2 B 32[(p2p4)(P1P3)

mMeE=(3) 3(3) (5
2) 2 \3) \2) a(q% + M2)2

+ (p2p3)((p1p4)]

(21 —1I)

Mandelstam &l zia aladiuh

§=(p1+12)? = (p3s +ps)? = 2p.p, = 2p3p4 (22 —1D)
t=(p1 —p3)* =2 —Pa)® = —2p1ps = —2p,ps (23 —10)
(24 —1I)

0= (p; —P)® = (P2 — P3)* = —2p1Dy = —2p,D3
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32[(p2p4)(P1P3) + (P2P3)((P1P4)]
= 8[2(p2p4)2(P1P3) + 2(P2P3)2((P1P4)]

= 8(t* + 0?)

Sots 0l & il AV dad) iSs

_ 1\ 1\ (1)? g
- (5 6 () g+
MP=13) 33) \3) s+ vz 2 (F+0)
1 gw 2
=——(t"+0 25 —11
TG (25— 11)
A Al Cyli 3 jle s
o = % = gt = (4m)%a? = 16m%a?
41 w
9> = (p1 +p2)*=(p3 +py)* =5 Lyl Ll g
= q* =§*
D Adag
_ 2 % +0°
|M|? =—T[20(2( > > (26 —1I)
3 3
A el Al Lpal ALY S e ala b
V3
pr = (1,00,1) (27 =1
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Vs
p2 = —(1,0,0,—1) (28 —1I)
V3
Ps = (1,sin®, 0, cosb) (29 —1I)
V3
Pa = (1,sin6, 0, —cosH) (30 —1I)

; Sull Jsall JdeMandelstam <l uaie 44US WSy sy

. S
t=—2pip; = —5(1,0,0,1)(1, sinB, 0, cosB)

S
0= -2pps = —5(1,0,0,1)(1,sin6, 0, —cosB)

8 (31 —-1I)
0= —2pips = —3 (1 + cosB)
o .3 S S
t°+0° =[=(1 —cosB)]* + [=— (1 + cosB)]
82
=5 [1 + cos26] (32 —1I)
;g\ﬂlsw\ @JA@L@.\S\HM\ C\_}.,.aﬂé_'m}
_ 2
|M|? =§T[20(2[1+C0529] (33 —1I)
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tr k) Jladl) adabal) s~ 3-1-2- 11

s JAN (e L sle A (J}H‘ sliad g dndl & e claa) Fermi J 4xedll a6l coua

_IMJ?

do g

de (34 —1D)

s Cpapal ) shall clmd Jiad dp

d>p; d>p,
(2m)32E; (2m)32E,

de = 2m)*8™®(p; + p, — p3 — pa)

_dcose 35 11
"~ 16m ( )

F=|u; —v,|2E,2E, = 4J(p1p2)2 + m12m% (36 —1II)

(37 —1I)

N o

E1E; = pip2 =

1 dgpf |2

do = (2 4‘8(4) — DN. M
° ( T[) (pf pl) |U1 - U2|2E12E2 f (ZT[)BZEfl

(38 — 1)

do =

1
M|2dp = — |[M|3d 39 — I
4E1E2| |“de 2§I |“de ( )

2 40Ul Jadl) adadall 3 5le aa 5 AN Adlaall 8 Al i 0 G (2 g2
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i =~ Li2e2[1 + cosze] 3605 40 — 11

o= 2§3T[ o CoS Tom ( )
T[az +1

8= TR j—1 [1 + cos?0] dcos6 (41 —10)

+1 8
j [1 + cos?0] dcosb = 3

-1
(A eDrell-Yan Jdll aladall 4630 3 jlal) 4ia g

_1110(2
36 §

5 (42 —10)

:PDPF’s Q5 tlla g gl 93 -2-2- 11

Gk (ePDF’s (Parton distribution function) ¢sioW) &) 58 Jss e J pasll
53 e de sama ) 1aliind) Ay yail) coludll cpe dalide Cile ganal 4y laill <l il
i (gl )y shat oo™ ey i " e Leda goim aaai i Al PDF 0530 )58
DGLAP ) sk c¥alea e

ol 35 Sl A8l ) wal ) elld g Candlall CaBUAY) ) gal) (SN 8 Jas D G
el dld g LHC S 5,3 pabadll as 43 )lae FCC (il adbadll & PDF’s
FCC aibadll 35 50l 3 )Y 5 43U
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LHC typical scale FCC typical scalis
1! H"P:|=3 . ..""LD.I ] T ||r|'| T T TCCIT
Wipta10" Gav')] 10" Gav)]

10" 1w’ i 10

LHC paladl s FCC adbadll (8 o5l a5 Jiso (2 — IT) JS&

: SN (g i) Jadl) adaial) -4-1-2- 11

w5 PDF's (355, 5501 g0 Ay i 5_pokel) el adaiall e () sucmn) Uiy
s JSA e Sl Jelall B e aati ¢ DGLAP ) shaill ¥ alas

0o = z j dXi,j dX] f](X], Qz)fi(Xi, Qz)a(Xi,X]‘, QZ) (43 - H)
LJ

D Oe S Jiad s

. (Parton momentum fraction) o s bl Aol a3l X

. (Energy scale) i ) Jelédl) & Aleaivall Z8Ual) (ulia; Q2
(5L i) adaiall: 6(x;, x5, Q%)

sl A ool Qs ) A8 A (x;, Q2)
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8 TeV 14 TeV 33 TeV 100 TeV

10° LHC |_r=—|-:3 HE I=_HC vu—::; 10°
10% o= : : : 10°®
107 - 107
6 T 6
1 05 6 p— . — 1 35
10 1
a et F—
1 0 P =50 eV} 1 04
) 10° _______d___.__..-—-————___--""'____""___"__--———_—w """""""" 10°
¢ WET T
1 w‘-iso ci\'] --——f; —— 1
) /.ffﬂ ,
107 R S i B 107
HH
102 =Y 102
103 I 102
10 10
105 il . | MCFM + Higge Europgan Srqafy 10°
10 10?

\s [TeV]

100 TeV &b xie W 5 Z <lisjsill 8 Sl gl ci¥ane Jiay Jla Jnie (3 — IT) <

¢ &all (Future circular collider) FCC (shiiaall asbaall 4aai -3-2- I1
: DM dallaal) 3aLal)

a2y e 3 gaill (e dallaall Balal) Jiail da jidal) ilasaad) G (e ()
Glllia o LS (WIMPs) il Jelaill culd dadiall Cilapal) Slli BSM (5 )kl
Lo i Al dagiall g3y 53 gl o Aalbaal) salall dagada CBLISY (5 a0 il b
el O sSa el 5 LY 53 FCC (iisall anliadll (o Sl 5 el 53y 53 5l
Caladll saldl Had Jad Wt

O s i sl ALS L) 25 LS ol iy 53 o) ABS il Lale Land gai e Sl 400 23

Ve
Cl s i guil) (5 585 (g bamall amy La rdsaill 8 [ V) | eSO 4l A j0 DA
VT

P s ALEN U ) gale Argadal | a3 Ul ) sale Cllagus (40 3 e

~ 2y 2
m, = yy,V /mN

sl S
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L s Ul sale ALiS My
s i v s isall Yukawa o) s8] oe 3ke Y2

bl Zasall 8 e E) 8 Al i dad Y

Drell-Yan Jel&i YA (o Ul ale si 5 g =) Sl laid aladia 1(4 — [)JS

O las Jaisdl (3 3 Drell Yan delds Jss 8W8las dul o i ) sall Juadll 8
c gkl 73 saill axy La Al Sl el (A8 L) sale s yi g dde iy
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FCCs LHC (edbadl & Drell-Yan Jelds slSlaa g 4l yo T4l

rdatia |1
Gib 4ie Jac Ledana (e @aill SM bl z3saill Jlial &5 L sale
L e Lgle Jaaniall Al 45 )lie A (0, BSM gkl z35adll 6] )5 e
zeali S 5lSUaa geal o aladiiuly Al i) ISIaall U8 (e ale (38aT ) 4y il il
Al Monte Carlo 485k e adizy (530l MadGraph Jaadll 138 & Jaxiusdll

:FCC 5 LHCOmbad) A Drell-Yan Jo il 3slag 4 ja-1- |11
dad )l dgyylll e alde Y Sl 2Ldlh MadGraph gebin e
LY aslaal) (e lgrpead Ay Al A clly ) laliis) ¢laaY) A 6l Monte Carlo
oy 2ty Liad) (g gllaall 3 0Y1 5 A8l (5 flse die Jladl) adaliall Gl g Jlaid Cillaladg
Al ) shall Calise yuadid dalide ilai b6 ae Eq (23 — 1)dsY) duaill 8 3,0Y)
SM bl 3 sail) Ul 8 Je) s Hard process <besbuaill ol 4y )l cdleladll oo
BSM s obmall z3 saill 22y Lol

Sl gl e axd ga e al laa) Euaaly g A gen IS5 galidl 138 Jiest (S
https://launchpad.net/mg5amcnlo:

::ﬁ' MadGraph5_aMC@NLO

gc  Slueprints  Translations  Answers

Get Involved

MadGraphs_sMC@MNLO is a framework that aims at providing all the elements necessary For SM

Report 3 bug

4

and BSM phenomenology, such as the computations of cross sections, the generation of hard
events and their mat h event generators, and the use of a variety of tools relevant to event Ask 2 question -
manipulation and analysis. Processes can be simulated to LO accuracy For any user-defined &
Lagrangian, an the NLO accurscy in the case of models that suppart this kind of calculstions ~ e =
prominent amang these are QCD and EW corrections to SM processes, Matrix elements at the tree-
and one-loop-level can also be obtained.
MadGraph3_aMC@NLQ is the new version of both MadGraph5 and aMC@NLO that unifies the LO Downloads
and NLO lines of development of automated tools within the MadGraph Family. It therefore -
supersedes all the iMadGraphs 1.5.x versions and all the beta versions of aMC@NLO. Latestversionis3.1.x
The standard reference for the use of the code is: J. Alwall et al, "The automated computation of
tree-level and next-to-leading order differential cross sections, and their matching to parton SESSHEEEEE L
shower simulations”, arXiv:1405.0301 [hep-ph]. In addition to that, computations in mixed-coupling
expansions and/or of NLO corrections in theories other then QCD (eg NLO EW) require the citation e —
of: R. Frederix et al, "The automation of next-to-leading order electroweak calculations”, e +
arXiv:1804.10017 [hep-ph]. & more complete list of references can be found here: http://amcatnlo.
web.cern.ch/amcatnlo/list_refs.htm ol

@~

Announcements 5]

Rels
Version 3.x is now out of beta and

MadGraph z=b_» dsesd a8 ga 1 (1 — [N JSE
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:MadGraph gl <l g Jsaad -1-1- 111
cale Jy )i o g8 @lld a2y Junux Jiads Usi MadGraph < ks
MG5_aMC v2.7.0.tar.gz

D) gl JSEN 8 s gal) Dl dadl) At S

sakina@sakina-A0531h: ~/Desktop/MG5_aMC_v2_ 7 0
sakina@sakina-A0531h:~% cd Desktop

erowen orowser [t e i

fastjet_install MG5_aMC_v2.7.0.tar.gz

fastjet_install s Untitled Document~
pythia8244.tgz

sakinag@sakina-A0531h:~/Desktops cd MG5_aMC_wv2 7 0

sakina@sakina-A0531h:~/Desktop/MG5_aMC_v2 7 0§ I

MadGraphz=b_y < ;(2 — [II)JS
: gagalll Cildsind-2-1- 111
JS Sy 138 5 SM (s el 3 el 5o 3Saall 3 Jantoaal) 3 gaill ()5S0 ) SJHSH (S
ol gan Jailady Sragl) (550 ll3 L Las s Jmall 3 saill Lo Ly 1 Cilagusa)
DSl b rense 8 LSy 00 Y @ e 3ay 058 o1 (58l iy dsas s e
Sheldsi 56 iy o) MadGraph gl oS WS (3 — 11D)
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sakina@sakina-A0531h: ~/Deskkop/MG5_aMC_v2.7 0

5 pythiaB244.tgz load MG5 configuration from input/mg5_configuration.txt
L' Wsakina@sakina-A0531h:~/Desktop$ cd MG5 aMC v2 7 0 | Mfastjet-config does not seem to correspond to a valid fastjet-config executable
B {naisakina-A0531h:~/Desktop/MG5_aMC_v2_7_05 ./bin/mg5_aMC (v3+). We will use fjcore instead.
‘_a R EL TG U A E U LT E S R L S @ ) Please set the 'fastjet'variable to the full (absolute) /PATH/TO/fastjet-config
* * (including fastjet-config).
) WELCOME to L MC5_aMC> set fastjet /PATH/TO/fastjet-config
\!‘* MADGRAPHS _aMC@ENLO &
* * Lhapdf-config does not seem to correspond to a valid lhapdf-config executable.
' N * Please set the 'lhapdf' variable to the (absolute) /PATH/TO/lhapdf-config (inclu
_ * * * meging Lhapdf-config).
H E L * * Note that you can still compile and run aMCNLO with the built-in PDFs
i QGO0 Ha000 & HG5_aMC> set lhapdf /PATH/TO/lhapdf-config
Wl * * k * *
é u * * * Using default text editor "vi". Set another one in ./input/mg5_configuration. txt
v B * Using default eps viewer "evince". Set another one in .[input/mg5_configuration.
i VERSION 2.7.3 2020-06-21 L txt
* * Using default web browser "firefox". Set another one in ./input/mg5_configuratio
i *  The MadGraph5_aMC@NLO Development Team - Find us at * h.txt
B N https:/[server66.fynu.ucl.ac.be/projects/madgraph ~ * Loading default model: sm
5 i an * INFO: Restrict model sm with file models/sm/restrict_default.dat .
E W http://ancatnlo.web.cern.ch/ancatnlo/ * INFO: Run "set stdout_level DEBUG" before import for more information.
= W * INFO: Change particles name to pass to MG5 convention
G u Type 'help' for in-line help. L Defined multiparticlep=gucdsu- ¢ d~ s~
Rl Type 'tutorial' to learn how MG5 works 4 Defined multiparticle j = gucds u~ c~ d~ s~
*  Type 'tutorial aMCatNLO' to learn how aMCENLO works * Defined multiparticle 1+ = e+ mut
*  Type 'tutorial MadLoop' to learn how MadLoop works — * Defined nultiparticle 1- = e- nu-
— * = i i i =
. R s e s d ettt e e e s e st it ettt ralsy . g:;l::g Q:{ztg:;;tg}: z{’_ =VSEYMV;E Vt"‘
B 10ad MG5 configuration from input/mg5_configuration. txt BlDefined nultiparticle all =g ucd s u~ ¢~ d~ 5~ a ve vn vt e- mu- ve~ vn~ vt~
_Jastiet-config does not seen to correspond to a valid fastjet-config executable et nut £ bt~ b~ 7wt how- ta- tat
: (v3+). We will use fjcore instead. -_-. Mos_ancs]

MadGraph gt s 8 Wil dlasall Gilapuall 4 ) 1(3 — TN JSE

:Events Generation&aay) ad ¢ g adballl cildas-3-1- 11
:Drell-Yan JeUl Juadll abalall w8 )l Glwall- g -3-1- 111

:L"\w\.\:ﬁ a0 L"\bs“ )8 dLaAM tkﬁ-nj\ Q_ILuAj

Pythiat e
Delphes e
MadAnalysis5 e
RIVET e

MadGraphdl HEPTO0Is (st )V alall (o A8Lall el Jull candii s (e 2SU (S
W OsJse JIsd 39k e Drell-Yan deldi aie gy O O 55 0 -0 585 8 adbaill oSy
bbis 16 e Olelis § cilleall 0da (e il Cumy dliae sl g O () e La
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s o~ = ve~- e WEIGHTED=4

s+c->W —-e +uvu,

diagram 1 QCD=0, QED=2

du~>ve- e- WEIGHTED=4

q+q-W —e +7,

d+u-W —-e +7v,

diagram 1 QCD=0, QED=2

ud~ > ve e+ WEIGHTED—4

u+d-o wWtr-oet+ v,

diagram 1 QCD-0, QED-2

q + a - W+ - e+ + ve C s~ = ve et WEIGHTED=4

c+S->Wr-et+ v,

diagram 1 QcD-0, QED=2

ud~ = mu+ vm WEIGHTED—4

u+d-> Wt-put+u,

diagram 1 QCD=0, QED=2

q + q - W+ - I_l+ + Ul»l G s~ > mu+ vm WEIGHTED=4

c+S->W-pt+y,

diagram 1 QCD=0, QED=2

34




FCC s LHC (ebaddl 2 Drell-Yan Jel& 3\Saa 5 4l 5o ITIJadll

s ¢~ > mu- v~ WEIGHTED =4

s+tc-> W ->pu +v,

q+q-W" - u +v,

d+u->W ->pu +v,

pu+d-wt-tt+v,

q+q-oW* -1t +v,

c+S oWttt 4,

dimgram 1 QCO-0, QED-2

s+ Cc->W -1 +v,

diagram 1 QcD-0, QED-2

q+q-W -1 +0, PV —————

d+ua-W -1 +v;

diagram 1 QGD=0, QED=2

Drell-Yan Jelall jlais cillalads g dldiaall cle @l (1 — [IT) Jsaad
US4 Jladl) i) o] S1SLaall alans a5 e U el al) qas it (e S 2y
die LHC S, asbadll 5100 TeV 4l vie FCC (Aiiudl pabadll (1a
AL K e A 7TeV s 13TeV ol
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Jall dxpday pedliaall IS i3 ,UY) M) ae Caaa 10000 CalaaY) sac U yil Euay

8 BUY) 5 Claal) aae g o jadl A8l e gy el Cldasall (S jans Sy 4 Lale |

(4 =TI &N A g LS i) lilay

sakina@sakina-A0531h: -/Desktop/MG5_aMC_v2_7_0 0:43) @) 11:42PM
3=photon fron electron
MadGraphS_aMCENLO *
=1ppl ! beam 1 type *
=1pp2 ! beam Z type run_card.dat MadEvent *
6500.6 = ebeanl ! bean 1 total energy in GeV * <
| 6508.6 = ebeanz ! bean 2 total energy in GeV This file is used to set the parameters of the run. .
# To see polarised bean options: type “update beam_pol” B
Some notation/conventions: *
M : B
# PDF CHOICE: this automatically fixes also alpha_s and its evol.  * Lines starting with a '# ' are info or comments *
" .
nn23lol = pdlabel | PDF set nind the format: value = variable ! comment *
230000 = lhaid ! if pdlabel=lhapdf, this is the lhapdf number *
# To see heawy ion options: type "update ion_pdf" To display more options, you can type the command: *
# update full_run_card *
# Renornalization and factorization scales
#
False = fixed ren_scale | if .true. use fixed ren scale
= fixed_fac_scale ! if .true. use fixed fac scale Tag name for the run (one word) .
! fixed ren scale
dsqrt_q2factl | fixed fact scale for pdfi tag_1 = run_tag ! name of the run
91.188 = dsqrt_g2fact2 ! fixed fact scale for pdf2
-1 = dynamical_scale_choice ! Choose one of the preselected dynamical choices Nunber of events and rnd seed *
1.6 = scalefact ! scale factor for event-by-event scales # Warning: Do not generate nore than 1M events in a single run *
#
# Type and output format 4] 16000 = nevents ! Number of unweighted events requested
" @ =iseed ! rnd seed (6=assigned automatically=default))
False = gridpack !True = setting up the grid pack
-1.8 = tine_of flight ! threshold (in mn) below which the invariant livetime is not written (-1 means not Collider type and energy *
ritten) 1pp: 6=No PDF, 1=proton, -1=antiproton, 2=photon from proton, *®

"~ /Desktop/MGS_aMC_v2_7_8/PROC_sn_9/Cards/run_card.dat" [Incomplete last line] 144 lines, 9346 characters

File Edit View Search Terminal Help

No valid Delphes path found | 5. madanalysis5_hadron madanalysis5_hadron_card.dat
generate_events run_81 3 o LR e e e R L 4-———-7

The following switches determine which programs are run: 4+— you can also

/ - enter the path to a valid card or banner.

| 1. Choose the shower/hadronization program shower = OFF | - use the 'set' command to modify a parameter directly.

| 2. choose the detector simulation program  detector | y The set option works only for param_card and run_card.
| 3. choose an analysis package (plotfconvert) amalysis | Type 'help set' for more information on this command.

| 4. Decay onshell particles madspin | - call an external program (ASperGE/MadWidth/...).

| 5. Add weights to events for new hypp. reweight = Not Avail. | Type 'help' for the list of available command

\ / [e, done, 1, param, 2, run, 3, pythia, 4, enter path, ... ]
Either type the switch number (1 to 5) to change its setting, >set ebeam2 3500

Set any switch explicitly (e.g. type 'shower=Pythiaé' at the prompt) INFO: modify parameter ebeam2 of the run_card.dat to 3500.0
Type 'help' for the list of all valid option QDo you want te edit a card (press enter to bypass editing)?
Type '8', 'auto’, 'done' or just press enter when you are done.[685 to answer] PR e

param_card.dat
run_card.dat

>shower=Pythiaé |
|
pythia_card.dat |
|
|

The following switches determine which programs are run:
/

1. param
2. run
3. pythia
4

5

| 1. Choose the shower/hadronization program shower = | madanalysis5_parton : madanalysis5_parton_card.dat
| 2. Choose the detector simulation program  detector = | madanalysis5_hadron : madanalysis5_hadron_card.dat
| 3. choose an analysis package (plot/convert) amalysis = | AR et L /
| 4. Decay onshell particles madspin = OFF | you can also
| 5. Add weights to events for new hypp. reweight = Not Avail. | - enter the path to a valid card or banner.
\ [ - use the 'set' command to modify a parameter directly.
Either type the switch number (1 to 5) to change its setting, The set option works only for param_card and run_card.
Set any switch explicitly (e.g. type 'shower=0FF' at the prompt) Type 'help set' for more information on this command.
Type 'help' for the list of all valid option - call an external program (ASperGE/MadWidth/...).
Type '8', 'auto’, 'done' or just press enter when you are done. Type 'help' for the list of available command
> [@, done, 1, param, 2, run, 3, pythia, 4, enter path, ... ]
Do you want to edit a card (press enter to bypass editing)? >set ebeaml 3500

-- - - INFO: modify parameter ebeami of the run_card.dat to 3500.0

e
|

1. param | WlDo you want to edit a card (press enter to bypass editing)?
. e - 3 o . ™
Jasal) (Cards) Gllay e Joawdl) 48S :(4 — I 1)
Results in the sm for p p > ve e+
Available Results
Cross
Run Collider |Banner| section [Events Data Output Action
(pb)
pal—ton LHE remove run
madevent |MAS5 report analysisl e e e S e
PP
run 01| 3500.0x |tag 1 3621 + 8.2 | 10000 . remowve run
- = hia LOG STDHEP —_—
3500.0 GeV Pyt launch detector simulation
hadron . :
@analysis« basiCIieco
MAS analysis?2 BasicReco
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FCCs LHC (edbadl & Drell-Yan Jelds slSlaa g 4l yo T4l

Jladl) adadall Cluss #l8 mraia 3 J g2 (5 — TN JSE

Drell-Yan Je &l dlladl) adaliall 4068 )l lSLaal) il andli WiSay I gall Jgaall 4
s aalil e Glila die |HC s FCC Oedbiadll =

(TeV) k) 7 TeV 13 TeV 100 TeV
q+q-W —-e +7, 33750+9.8 1993 + 4.7 2.570e4 +77.0
q+q-o-Wt-et+ v, 5937 + 159 36211+ 8.2 2.810e4 £ 76.9
q+q->W*->np* +v, 3661 + 9.6 5937 £ 159 2.815e4 +£90.0
q+q-W- - u +v, 3661 + 8.3 3763 +£10.0 2.5521e4 + 741
q+ W >t +u, 3618 +83 5918+ 14.7 2.819¢4 + 65.0
q+tq->W -1 +v, 1992 + 4.7 3763+ 9.2 2.547e4 + 64.8

LHC 5 FCC (mabadl 2 Drell-Yan Jelill Allxdll adalidll ad :(2 — 1) J s2all
slil) Addlia
la 4l FCC Aiiuall adbadll 8 Jladll adadall dag )] Jaa Dl 028 Lital o A (e
Osiallal) 3,60 5 A8l ) Las L HC skl o) 8 Lale Jianiall el 45 )i
JUil ay Jladl) adaiall 3 pilaall 483all x8) 1) 8 Gl a1 FCC aolaally 2al st )
Al aly a3 Sl g P i ) g By

tW G95sall B_laiadl) ALl Gileaa-by -3-1- 111

g 5kl 4383l BSM (s lbnall 73 saill a3 Lo oy 58 88508 daaals W 50 ey
papads Adllal) i) e Cungg el shall g ESH sl o (S (53 5 i gl L
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die W (s 5sall 3_laiadU) ALKy ST SIS adly ALl L) agle 5 Aallaal salall

. (10 — I1I), (9 — D), (8 — 1), (7 — HI)JSEY) & xiase 52 LS Adlide il
A Y sl Lde W (s sall 3 lacieDU ALY e Uil e J easd) dal e
JOLi 2 53 Pythia gl i 5 MadGraph alaaiuls Jledll adaiall Gilus 5 CalasYy|
.(Parton Shower) < 5 )l

Galaal) il se il jie dan 5 4ADIA (e &y 3 5 RiVeL sl sle diuly a 68 o

2 jia Jal e el y Liiad) adbaallS 48Ul lle cilasbadll G jlad s LHC adlaxll
Slittne Wy il il

clile S5 e LHC e lple dhaniiall i) culalal Candi S Liad Rivet aadiu
JSG (8 ma e g LS YODA geeli s padiad i) <ila gyl jledaY 5 HepMC
A4l
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[aMC@NLO ][ MadGraph }

[ LHE Event Product] [ LHE Run Info ]

User :
specify
analyses

Histograms

(YODA)

Jlarinly QUL s ) dal e clilarall A6 LS i 5y Jalada 1 (6 — [11)JSAY
.YOD s Rivet z<t_»

PIOR - 0 .
W mass
'; 3 T T | 1T 1T T T 17T T T 17T | T T 1T T T
, 100 B —
¢ U E —— E=8TV E
T - -
L ~ i
.ET = i
z B J
ARUN =
‘f = 3
o C ]
0! -
[ | I | | I T | | | I | | | | | 1

60 70 8o 90 100
My [GeV]

8TeV 4kl xie Rivet gebi_pn Jlaxinls W (s )50 ABS Gan (Sl s (7 — TN JSE
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W mass

E —— E=13TeV

10°

do/dmyy [pb/GeV]

10’

Cl1 1 1 | | | | | | | 1 I 1 | | | | | | | 1 1 1
60 70 80 90 100
iy [GeV]

13TeV a3l xie Rivet gl Jleainls W ()50 A cpa (o an (8 — TS

W mass

102__\IIIIII I I | II\I|IIII Il_d

E —— E=20TeV §

10" =

do/dmy [pb/GeV]

l 1 I_I 1 | | | | | 1 1 I 1 1 | | | | | 1 1 1 1
60 79 8o 90 100

20TeV 48all xie Rivet gl Jleiuls W 552 A1 cpy Sl s y1(9 — 111 JSA
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W mass
- LI T
- T |
= 10 E =
i = =
s = =
= - -
) = -
= B -
= 10”7 5
= = 3
- — -
Py - -
=
107 = =
1 == _—
1 1
Er—1 L
1.4 E- —=
1.3 E- =5
1.2 E- —=
g L1E [ 5
IT 1 E =
2 0.9 E- =
0.8 E- —5
0.7 E- —=
0.6 E- _=
0.5 EL__1 L1 L1 [ | 1 Lo [ | L1 L1 - =
60 7O Bo 90 100
Ty [GE‘:"]

Jaall 8 8aal gie W 055l AL o Jaal Lale Jaaniall bl <l s )1 JIA (40
oyl e iy L 135 SIS e e Radlaiall o al) A8l S Lega [80-83]
A 3lSLae Ul gla L) g il imy LS g jlamal) 23 gl L) 8 syl 5 Ll
Adin @3 (e Jla K5 Tev100 Gl sie FOC Ll adbiadll i 5 sl
3 e e el (e Caany ot 8 pual) G Lgiallae oS0 Y 30 el
1S 20TeV A vie 5 ,xiad) ALK oy L) 13 Slle Ayl Aoy b )8
Lol ae (38 53 Lgale Jeanidl giliil) (S (9 — [INJSE 8 pn 50 58 WS, il
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5o LS Y1 5 AL S e A8l it pe (5 lmal) 23 saill 4 L Lo o W (055
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Abstract:

In this work we highlighted the importance of Future Circuller Collider (FCC), and
its role in the dedection of new physics beyond standard model and precision

mesurrments of standard model already done by LHC.

We also studied the Drell-Yan process throughout the production of the boson W,
we have calculated the cross section analytically and numerically, due on its

importance in Dark Matter DM researches.
Résume:

Dans ce travail, nous avons mis en évidence I’importance du Future Circular
Cullider ( FCC), et son role dans la détermination de la nouvelle physique au-dela
du modele standard ainsi que les mesures de précision du modele standard déja
effectuées LHC.

Nous avons également étudie le processus Drell-Yan pour production du boson W,
nous avons calculé la section efficace analytiqguement et numériquement, en
déduisant la masse invariante du boson W, en raison de son importance dans les

recherches sur la matiere noire DM.



