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Perche la luminositd
I @

Per ogni processo fisico con sezione d‘urto O, il

rate di eventi R & proporzionale alla luminosita
istantanea L :

4 = numero di collisioni pp inelastiche per bunch
crossing
n, = numero di coppie di bunch collidenti

f_ = frequenza di rivoluzione di LHC (11245 Hz)
‘[: R ‘unbjpr g‘ulnbfr — | vis nbf;" =

0., = sezione d’urto totale pp (~80 mb a 13 TeV)

& = accettanza e efficienza del rivelatore
O O. EO . O .
inel inel VIS

L,.. = numero medio di collisioni per bunch crossing
rivelato

o, = sezione d’urto “visible” = costante di
calibrazione

Misure di luminosita precise:

» [ istantanea — monitor online LHC /trigger: performance e operatitiva (lumi
levelling, monitoring del fascio...). Precisione richiesta: <3-5%

* L integrata — analisi fisiche: misure di sezione d’urto, test SM, nuova fisica

(vincolare le incertezze PDF che limitano le teorie). Precisione richiesta: <1-2%
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Monitor di luminosita di ATLAS per il Run 2

Luminosit ) . .
Y - misure online e offline

measurement using |

a Cherenkov - Algoritmi event /hit counting

(zero-counting, basati su

Integrating Detector
(LUCID)

statistica di Poisson)

Misure online

Beam Condition
Monitor (BCM)

m,! Run 2: LUCID sistema / TimePix (TPX)

AN o '
) ! _

~ Misure offline

primario per la misura online |}

Hit counting

s ﬂ%\\gﬁ? Hadronic

EM:

Cal. (TiLE) [{ - - Forward
+ Z COUm'Ing = S5 FCall. FCal2 FCal3 Calorimeter (FCAL)
(controllo su L relativa) [ sl bl - EndCap

Calorimeter (EMEC)

350 400 450 500 550 600 650

+ Track counting

(+ Vertex counting) Algoritmi di conteggio di flusso di particelle
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Monitor di luminosita di CMS per il Run 2
N

Misure online

Fast Beam Misure offline
Condition Monitor

BCM1F)

Pixel Luminosity Muon Drift Tubes (DT)

Telescope (PLT) | b

8 =
3
$j

: ¥
"4 BT
Hit counting
(3-fold €oinc.)

f’ 5

Conteggio di trigger

di muoni

Hadron Forward

Calorimeter (HF)
- 4 ® © -, -

TR

A /////‘
1

Pixel Cluster

Counting (PCC)

2015/2016 basato su: PCC
2017/2018 basato su: HFET
(complementato con: PCC)

HFOC: hit counting
HFET: flusso di E;
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Calibrazione assoluta: vdM scan
I 49

» W, in funzione delle separazione del fascio 6X(y) e 1 Bunch 2
unc
» Luminositd tramite parametri del fascio oy [
P S~ SN
n - Misure di corrente (da LHC) M1 Np2
pl Number of protons  Number of protons
’ Larghezza dei fasci (da fit
sulla curva di scan) Scan 1: X-plane BCID 1783 22 e 2699120
2 | cmsPreliminary pode St eraeas
§1°-2 = VdM Scan: Fill 6016 Frac 0.9922 + 0.004123
» Sezione d’urto visibile calibrata per ogni N Mon __ao0trs s
. . S [€
rivelatore /algoritmo [ B
2nx X
o |= R _ lujp,,nb =Mpeak Xy I g:?
Vis £ £ Vis e <> =
n pln p2 F dig 3
L . )
> Assunzione: funzione densita di probabilitd protoni /] \ s
- E L
fattorizzabile S W # g | 3
&ttty
g(éma(sy) :f:Jc (5:6) fy (5?/) é’iil * t | Jf | *
5 T
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Incertezze dominanti sulla calibrazione vdM
E—

JAY WAN CMS ATLAS CMS

2017 2017 2018 (preliminary) 2018
Non fattorizzabilita 0.2+0.2% 0.8+0.8% 0.3+0.5% ongoing
Riproducibilita scan per scan +1.2% +0.9% +0.6% ongoing
Calibration transfer +1.3% +1.5% +1.3% ongoing
CMS-PAS-LUM-17-004
(TJ gggi '_I T J_‘J_ih_l T EI :JH T :I lOl | N I | LI | LI | | L = = l I | |
_Q — _‘_4' _.f_‘. ‘Q’ p— e _l T UL T 7T L 1T T 11 L LI L L I_
Eful  + Tiao © ATLAS Preliminary- 2 1.02 ATLAS Preliminary 3
Cara= - -wds O - S TE 3
o 2734 ! O - O c Is=13TeV .
O 2694 A iE O | © C ]
D | 4 LucBiHiOR 1 £ 1015F . E4 - E
8 %8%3 L 1-—-* 4;} ® Scan | _] S’\ E ® 4 E3 laA “AA Ay MAA““AA‘AAA“AAAE
S 1943 |~ i —Awe O — [) 1.01~ A '
1903 — sl e O A Scan Il — = - A ]
1863 — -4 o — = C A A .
1823 — i A% o ¥ Scan IV — - C AL 4 s, A Ay, I
11 e P g o Scan V - 1.005 A0 A, o
1112 — ¥ O — = n
}833 - : _::F @L‘G ] :. ,'!””..,””,.ﬂ. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _
Al I = Ltk R :
912 — 4 -mw O ] C ]
7] S R et 248 - 0.995F E
2| M i e 4 - C ]
131 N B ol 5 — 0.99F Fill 6016 (vdM) Fill 6024 (physics)
81— & - 1O — [ .
41 ;I L1 \‘k::‘lil?l.:_l_::l E;ii:)*l | 111 | 1111 | | | | l; RI - | — I = I -~ | e Y | —— [ e I —— | = IH
665 67 675 68 685 69 695 0 200 400 600 800 1000 1200 1400 1600 1800
o, [Mb] Incremental Luminosity Block Number

http: / /atlas.web.cern.ch/ Atlas/GROUPS /PHYSICS /PLOTS /LUMI-2017-001/
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Stabilita durante 'anno

'_°| T T I T T T I T T ]
.é. - CMS Preliminary 2017 (13 TeV)
1|_ ATLAS Internal _: U *‘ T T ‘ T T T ‘ T T T I T T T T T ‘ T T T )7
é {s=13 TeV 3 9 10— . —
T ] = = =
9 q L1005 m———————————————— e —————— —=
3 ; T E . $': ’. :o.o .. . E
<| - '_,% 1? . te o.c :.. ..:‘ ‘.\o::o ..:. . ]
E’ = g - ., ’ * .* ..‘- <l .".'o £ .Qs": "0 -
iy 1 0995 mmp o — e Y e e e ST =
Ny — - . . te 2 -
--------------- -] - ot [ M . — —
_oF 3 *¥F . ' Oyt = 0.5% -
= EMEC o TILE - 0.985 — (RMS) i
—3F Ogyst™ 1.3% oFCal Z counting - E . =
F . - 0.98 o e e e e T
—4E- (envelope) *Tracking * TPX = 5800 5900 6000 6100 6200 6300 6400
il 4 :I 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I: Fi”
5" Jun29 Jul29 Aug28 Sep27 Oct27 CMS-PAS-LUM-17-004
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS Day in 2017

/PLOTS/LUMI-2017-001/

» ATLAS: confronto fra luminometri attivi durante la presa dati, incluso Z-counting
(non usato per valutare l'incertezza) e Track-counting
2017: £1.3%; 2018: £0.8% (preliminary)

» CMS: RMS del rapporto HFET /PCC (99.4% della luminositd nel 2017)
2017: £0.5%; 2018: ongoing
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Incertezza sistematica totale
. @

ATLAS CMS ATLAS CMS ATLAS CMS ATLAS CMS ATLAS CMS

Running 2012 2012 2015 2015 2016 2016 2017 2017 | 2018 2018
period pp pp pp pp pp pp oJs) PP PP PP

Vs [TeV] 8 8 13 13 13 13 13 13 13 13
o /L[%] 19 26 21 23 22 25 24 23

»a(*

2.0 «*“ongoi
.0 «*" ongoing

ATLAS: incertezza sistematica finale combinata per il Run 2:
* Incertezze non correlate: analisi vdM, stabilitd a lungo termine....
* Incertezze correlate: calibration transfer...

Dataset Int. luminosity (fb'')  Rel. uncertainty
201542016 36.21 £ 0.77 2.1%
2017 4431 £ 1.04 2.4%
2018 58.45 + 1.16 2.0% PR
2015-2018 139.0 + 2.4 pre™®
ATLAS Ref: https:/ /twiki.cern.ch /twiki/bin /viewauth /Atlas /LuminosityForPhysics CMS Ref: CMS-PAS-LUM-17-004/17-004/15-001/13-001
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HL-LHC: ATLAS upgrade

» Misura direttamente proporzionale alla Auminiom ca fo enclse sorce  Auminiam tube
. _ (05 mm front) \ J/ Fiber Bundle
luminositéa: LUCID %
* PMT saturati ad alto u sostituiti con fibre di G i with 81207 sorce

(1-3 mm thick)

=
=3

quarzo, readout lontano da zona

signal [mV]

radiattiva
» Misura luminositd bunch-per-bunch: BCM’ .5
* stazioni di diamanti con 3 sensori

https://cds.cern.ch/record/2285585

/files/ATLAS-TDR-030.pdf

indipendenti per luminositd, fondo e I zs;}i,;;;fa‘s)

sistema di aborto del fascio

» Timing: High Granularity Timing Detector £ 10000f"ATLAS St i 75
* separazione spaziale dei vertici ad alto . £ ™ *" E
5 6000~ -3

tramite informazione temporale: ;= 30 ps. £ ..., % S EN

S C * Overlaid p=1 MC events Eg g

* Low-Gain Avalanche Detector (LGAD) 2 2000 S

. o, ° C . . | __§§I

* Linearitd fra numero hit nel detector e - £3

g— 1.01:4--*---* ------ Kennnnn deemannn B L LT TTT T T PP M.:% g

numero di interazioni per bunch crossing Sor, TR

Number of interactions
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https://indico.cern.ch/event /697164 /contributions /2987411 /attach
- : U p g rq e ments/1647549/2633730/CMSLuminosity-FCALW orkshop.pdf

_ v v ;. N N " - -
16

: j;;*;*m‘ — | I | e

Approccio multi detector ) S— R
° . b e o ° ° Rm;iﬁ; ' — I" A Hu 1 [ zi
(difficolta nel dividere effetti di non RN B L T R
linearita con solo due rivelatori) R T | R I | B T
0y : o ' e 250 5% 5 n

» Inner Tracker endcap (TEPX): e RN e s
indipendente dal readout di CMS e

» Drift Tube (DT): bassa occupanza
— misure bunch per bunch ormaton fom wacker and mon aystm = =

> VeloPix: Monitor di luminosita

2, Level-2 (standalone) Reconstruction
econstructio the track inside the

muon system

3. Level-3 (global) Reconstruction

dedicato indipendente altamente
resistente a danni da radiazioni

» Timing Detector: separazione :
spaziale dei vertici ad alto u

tramite precisa informazione
temporale: g;= 30-50 ps/traccia.
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https://indico.cern.ch/event/697164/contributions/2987411/attachments/1647549/2633730/CMSLuminosity-FCALWorkshop.pdf

Conclusioni
. @9

¢ Luminositd parametro chiave per analisi di fisica ma misura
complicata negli acceleratori adronici

¢ Ridondanza di luminometri cruciale per studio delle prestazioni e

valutazione delle sistematiche: tipica incertezza sistematica totale
~ 2%

** Misura della luminosita a LHC durante Run 1 e Run 2 ottenuta con
precisione finale tale da permettere test di precisione sullo
Standard Model e ricerche di nuova fisica.

¢ Prospettive future (LHC Fase Il): studi in corso su upgrade dei
luminometri per nuove condizioni di LHC.
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Back up
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Emittance scan 2-2£e ) p o
B

» Brevi scan vdM all’inizio e alla fine di ogni L

fill di LHC "' cMs Preliminary 2017
* Fasci separatiin X e Y per 7/9 steps di
10s/punto

* Livello di precisione inferiore rispetto vdM:

CMS-DP-2018-011

* intervallo di scan limitato (non sensibile
alle code)

PLT,  [<hits> per orbit per bx]

* possibli effetti di non fattorizzabilita

(modo di produzione del fascio Time [HH:MM]
differente)

* effetti di dinamica del fascio 310

e Utili per misure di luminosita relativa

CMS Preliminary 2017

305 1

5
» Controllo online effetti di linearita e stabilita: g | 4 ? : { 1 fﬁ ¥ﬂ i §
* LHC: diagnostica e controllo delle é 295 - W@ W ) ‘ : }H S
prestazioni; ? o0 l a8
* CMS (2017) e ATLAS (201 8): controllo online n g
dei luminometri.

Fill Number
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Luminosity algorithms
.

* Event- (or zero-) counting algorithms:

— Based on Poisson statistics: count of events with at least one hit

N e N
PO — OR =1_eM0R:>M=_ln(1_ OR)
orbits orbits

— If W too large =2 “zero starvation” or “saturation”

* Hit-counting algorithms:  Now: ATLAS: # LUCID hits. CMS: # pixel clusters.

— Count of total hits in a given BX

— based on Poisson statistics but saturation at higher [

* Track- (& vertex-) counting algorithms:

— conceptually similar to hit-counting. Examples: ATLAS.

* Particle-counting algorithms (summed over all bunches)

— Examples in ATLAS: current in hadronic-calorimeter photomultipliers or charge
measurements (LUCID).

Sara Valentinetti IFAE 2019 — Napoli 8-10 Aprile




E

ATLAS P-CVD diamond pads

CMS

Quartz Cherenkov tubes

Si strip + pixel tracker: #vertices

Si strip + pixel tracker: #tracks

Fwd LAr / E.M. EndCap calo:
gap currents

TILE calorimeter
Pixelated radiation monitor
Pixel trk: #clusters

Fwd Fe/quartz calo

Fwd Fe/quartz calo.
Pixel telescope

Fast Beam Conditions Monitor

Muon drift tube

Bunch-by-bunch
(bbb)

bbb

bbb

bbb

Bunch-averaged

(ba)
ba
ba
bbb
bbb

bbb
bbb
bbb
ba

LUCID

“fo”

“Trks”
FCal

TILE
TPX
PCC
HFET

HFOC
PLT
BCMI1f
DT

Event counting

Event counting
Hit counting

Vix counting

Trks counting

Particle flux

Particle flux
Hit counting
Hit counting

E_T flow (analog)

Hit counting
Hit counting (3-fold coinc)
Trk segment counting

Hit counting



ATLAS /CMS luminosity ratio

I
O Significant (~ 10%) ATLAS-CMS L difference across 2016

1 | | |
=
= o
ot ~
o > e e
4% dad £ 3
W 095F,C & * .),, < ‘(i‘
2 ‘ .»‘! ) ® L
= @ % ":. e %
® e, . :
m O.9 | . ) )
<
d @ peak luminosity e integrated luminosity
< 0.85

5000 5100 5200 5300 5400

“*Largest contribution: emittance, > emittance, , coupled with
horizontal (x) crossing in CMS vs. vertical (y) crossing in ATLAS

*¢* Analysis complicated by residual H- or time-dependence of reported L, that
could be different in the two experiments
» most trusted offline algorithms: track-cntg (ATLAS), pixel-cluster cntg (CMS)

- dedicated experiment: crossing-angle scan
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Vdm Scan calibration: difficulties
e

Central role of beam dynamics -> two beam-beam effects:

1) beam-beam deflection: if bunches not exactly centred = angular kick due
to e.m repulsion;

2) dynamic B: mutual (de)focusing of the two colliding bunches;
Effect: < 0.5% PbPb, and around 4% for 5 TeV pp.

Scan curve distorted by interactions of the two beams during a scan.

Beam-beam deflection Dynamic-f§
E 1;\ HL L L L L L L ‘\g 17—‘ R I L L T 7‘7
T f Sy ] R & ]
g ] g i
oal / E 0.4 h
: « 7 | : gt |
02 “ — B . i 4 E
Oix%ggﬁx‘,m‘” H\T"“t-é,gemz 071%==é‘-°*"t‘ww ““**"éee‘e L
0 [um] S [um]
beam separation larger than Beams focus/defocus each other by an
nominal separation amount that is a function of separation
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Non-factorisation correction procedure
E——

L (85,8,) = fo (82) £, (6,) 7
* Single beam profiles are parameterised by fitting the beam-separation

dependence of the luminosity & of the beamspot displacement and width
during a vdM scan.

This allows to: oo ATiAs . Dai Conredxacan v iy e | oo arias . Da o xaeaniv oy 212
= estimate the true vo9; — Do o " i 3D dounie Caveson ° ;
luminosity (i.e. unbiased by ooeé ::;I;ta | 0;_ _data + f
non-factorisation effects) 007 ] : M :
=> estimate correction for oos- E :: | ! :
non-factorisation, R, with an o4 oz o 0z o4 040z 0 0z oa
associated uncertainty
R Z not assuming factorisation
< assuming factorisation o e S
* The [ATLAS/ALICE] procedure above is closely related oor _fit _;5:,@{5?5;1@;:%%“ E
to the “beam-beam imaging” scans [pioneered by 7 - data ;
LHCb & now established method in CMS] in which one o ;
beam is scanned transversely as a probe across the 1 SUE SN, ;
other.
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Non-factorization correction: beam-beam imaging
.

* Principle: use one beam (~ wire) to probe the other

— keep witness beam (B1) stationary; scan probe beam
(B2) across it in x, then in y; repeat with B1 € B2
* measure 2-d distribution of reco’d evt vertices at each step:

Nvtx(Xl Y) :{rwitness (XIY) X rprobe (X,)')} (X) thx position (XIY)
(see ArXiv_1603.0356 [hep-ex])

— extract single-beam parameters of B1 & B2 from fit to

2-d vertex distributions in the 4 scans (B1/ B2, x/y)
— closely related to the ATLAS & ALICE luminous-region
evolution method (but uses only transverse info, not L/z)
* common key issue: vertex-position resolution R, ,.iion

* pros & cons of the 2 approaches to be clarified
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Non-factorization correction: beam-beam imaging

Pull distribution to cumulative event-vertex distributions for 2 single-beam
models:
factorizable non-factorizable

_ CMS Preiiminary 2015 P CMS Preiiminary 2015 4
E [ . E |

0.04 e 0.04F g

[ —2 I —2

0-02-— . q:_. T —1 0.02_— _' . 3 . —q

u :-L ] -I --.. _ E ' o

O . . -1 o -1

" I 2 2 2

—0.02_— o -3 —0.02_— 3 %y - —3

j 4 4

-0.04f -5 -0.04f -5

K 1 I 1 1 1 I 1 L 1 I 1 1 1 I 1 1 1 I 1 1 _6 K L I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 _6

-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04
[cm] [cm]

Example of pull distributions of the fitted single-beam model of the single-gaussian
(factorizable, left) and double-gaussian (non-factorizable, right) type to the vertex distribution
accumulated during scan Y3 of bunch pair1631.

(Caption adapted from Fig. 11 of CMS-PAS-LUM-2015-001)
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Incertezze dominanti sulla calibrazione vdM
S

T T T T T L B

ATLAS Data (Centred x-scan IV July 2012)

~ = C ] ° ° ° ° . oo, ©
2 £ of ., Daa(C 1 Correzioni per effetti di non-fattorizzabilita
—~ = O il 2855 E ] L ]
= % f Simulated profile of eachbeam: ™ dipendenza della luminosita verticale dalla
8 @ 0.09— —— 3-D double Gaussian ] . R R o
S 2 . separazione orizzontale e viceversa z
N E o008 - ] .. >
O 5 Ok ! 1 ® Correzione analisi vdM scan sotto L
= 3 F ] £
R b S assunzione di fattorizzabilitd 8
a C ] S
5 06 E = CMS 2017:0.8 + 0.8% )
C : . o
4 oz o0 0z 04 2018: ongoing 3 X
Horizontal beam separation [mm] m ATLAS 201 7 0.2 i 0.2% E -§
E gggi ,|:l T A*L_.-._I:h_l _I';_gM ioil lo,L | LS | T 1T 17T I L | T T __L 2 ] 8 O 3 + O 5 0 §| .ai)
g~ Sauf f Teo 7 ATLASPreliminary] 0 3 T 0.5% > 2
0o SHuLE i 2 ] & £
& O O 26941~ 4 & O} - T XS
OnN  92%sF i % LucBIHHOR - . L efes s . . - . o =
TS smmE  T.HTE - Saani| 4 Riproducibilita calibrazione nei diversi scans: € %
£8 EEr Ly oS - 52
I3 |9mE ey ASan = = CMS 2017:%0.9%
S 3 1823 — e o ¥ Scan IV — <
£ 5 e © Scan V - 201 8: ongoing <
9 1072 |— el ‘o — =
' I = . 3
12 HE T3 % g = ATLAS 2017 *1.2%, £
S R .t = 5
39 g il et = 2018 +0.6° g
A ) 018 £0.6% :
™ T 161 i wwe O -
£ ZE o Wy o = . . y : . :
=9 apE e = NB: differenti strategie di valutazione delle sistematiche
665 67 675 68 68 69 69 tra ATLAS e CMS — difficile confronto diretto

c,. [mb]
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Calibration transfer: dal vdM alla fisica
N

Non linearitd nella risposta da vdM scan (bassa L, basso 1, pochi bunch
distanziati) a fisica (alta L, alto u, piv di 2000 bunches ogni 25 ns)

> ATLAS: B
. . - . = - = LUCID HitOR
= Correzione non linearitd tramite X —
tracciatore £ R S naade
= LUCID @ p = 50 :
2017: - 9.1%; 2018: - 8.9% 0.95[~

"  |ncertezza sistematica dal confronto con

L] L] 0.97 . .
calorimetri — ATLAS Preliminary

http: / /atlas.web.cern.ch/Atlas/GROUPS /P

HYSICS/PLOTS/LUMI-2017-001/

- Vs=13 TeV i
2017: £1.3%; 2018: +£1.3% 0.85:_ LHC Fill 6259, Sep. 30, 2017 ‘ i
0 10 20 30 40 50 60
> CMS: Interactions per Bunch Crossing (“Algo)

= Correzione non linearita tramite analisi degli scan

in emittanza ATLAS Ref.:
— . 0 https: //twiki.cern.ch /twiki/bin /viewa
" HFET @ K 50 nel 2017: 1.5 % uth/Atlas /LuminosityForPhysics
" |ncertezza sistematica dal metodo dei residui sul CMS Ref.: CMS-PAS-LUM-17-004

confronto fra luminometri
2017: £1.5%; 2018: ongoing
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ATLAS: Non factorization evidence
e

July 2017 vdM 2-D g.p6 fits to L data only
m B T I LI | L L [ L l LA [ R | I T T 177 ] T T T T l T ]
1 0155 #Scan| +ScanlV  ATLAS Preliminary -
' r *Scanll +ScanV \s=13 TeV .
r ~— Average + RMS .
1.01— =
1.005F .
3 lT ¥ E
0.995F I 3
0.99 :— —: http: / /atlas.web.cern.ch/Atlas/GRO
- 1 UPS/PHYSICS/PLOTS/LUMI-2017-
O 985— 1 | 11 | 1 I 1 1 1 1 | | | 11 | 1 |- | 1 11 | | | | | 1 | 1 ] OO 1/
' 0 500 1000 1500 2000 2500 3000

Bunch-slot number

Figure 3a:

Non-factorization correction factor R ( 0,,;5*°™=0,,s/R ) for several colliding-bunch pairs and scan sets (I-V), extracted from fits to the beam-separation
dependence, during van der Meer (vdM) scans, of only the luminosity L. The beam-separation dependence of the luminosity is modeled by a two-dimensional (2-
D) Gaussian function multiplied by a sixth-order polynomial (g.p8). The error bars are statistical only. The horizontal red lines represent the weighted average
over all colliding-bunch pairs and scan sets, with the shaded bands indicating the RMS spread of the individual R values associated with each colliding-bunch
pair.
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ATLAS: Calibration transfer

= L LA NN N DL BRI NLEL LA BN BLELELE BLAL
2 4 o2F ATLAS Preliminary =
< Mer -
S - I1s=13TeV ]
= 1.015:— e s F4 A A —:
= - . ]
5 1,015 *hE aas e St
E . E n“ ‘Au E
= 4.005C Ada T Ay, " A‘A“A“_: http: / /atlas.web.cern.ch/Atlas/GRO
E .3 . " UPS/PHYSICS/PLOTS /LUMI-2017-
|1 I - - 001/
0.995F =
0.99F  Fill 6016 (vdM) Fill 6024 (physics)
:I 1 1 | 1 1 1 | 1 1 L I L 1 1 ] 1 1 1 1 L 1 I 1 1 1 I 1 1 L | L 1 1 I:

0 200 400 600 800 10001200140016001800
Incremental Luminosity Block Number

Figure 8:

Ratio of the luminosity measured by the E3 and E4 Tile scintillators (averaged over the A and C sides of ATLAS) to that from track counting, in the 2017
vdM fill and a closely following high-luminosity physics fill. The ratios are normalised to unity in the vdM fill. Each point corresponds to the average over
30 luminosity blocks (approximately 30 minutes). The luminosity block numbers in the two runs have been offset so the physics fill begins at 1000.
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CMS: Non factorization evidence
N
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Figure 6: Pull distributions using the Super Double Gaussian fit model. The pull is defined as
the difference between the number of measured vertices and the number of vertices predicted
by the fit, divided by the statistical uncertainty of the measurement. These plots show the
results from the scan constraining beam 1 in x. Left: 2-D pull distribution as a function of x and
y position. Right: 1-D projections of the 2-D pull distribution, in slices of constant radius (top)

and constant azimuthal angle (bottom).
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CMS: summary of 2017 uncertainties

Table 4: Summary of the systematic uncertainties entering the CMS luminosity measurement

for v/s = 13 TeV pp collisions. When applicable, the percentage correction is shown.

Systematic Correction (%) | Uncertainty (%)
Length scale -0.9 0.3
Orbit drift — 0.2
x-y correlations +0.8 0.8
Beam-beam deflection +1.6 0.4
Normalization | Dynamic-g* — 0.5
Beam current calibration — 0.3
Ghosts and satellites — 0.1
Scan to scan variation — 0.9
Bunch to bunch variation —_ 0.1
Cross-detector consistency 0.4-0.6 0.6
Afterglow (HF) — 0.2¢0.3
Integration E_ross-fletector stability — 0.5
inearity — 1.5
CMS deadtime — 0.5
Total 2.3

Sara Valentinetti
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ATLAS reference luminometer: LUCID-
2

PMT base 16 photomultipliers

Four groups of 4 photomultipliers "
with quartz windows as the L N 2
Cherenkov medium SIS S 51-207 saurce

4 temperature
probes

2016 B | Photomultipliers pa
Y | with Bi-207 source Water
cooling pipes

LED and laser light
via optical quartz fibers

Quick release
attachment

Mu metal
magnetic shield

17 meters from IP - 13
cm from beam-line

5

4 photomultipliers  {f R i/ ,
using quartz fibers
as Cherenkov medium Carbon fiber supports

tds
T

W
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ATLAS Luminosity performance summary

B
Year c.m. Mu L max L int NBCID Dt Tot Sys vdM Reference
energy max (1033 (fb1) (ns) Unc. Sys. Unc.  Detector
(TeV) cm2s1) (%) (%) (online &
offline)
2010 7 5 0.2 0.047 348 150 3.5 3.4 LUCID-I
2011 7 20 3.6 5.5 1331 50 1.8 1.5 BCM
2012 8 40 7.7 22.7 1368 50 1.9 1.2 BCM
2015 13 28 5 4.2 2232 25 2.1 1.7 LUCID-2
2016 13 45 14 38.5 2208 25 2.2 1.2 LUCID-2
2017 13 80 20 40 2544 25 2.4 1.5 LUCID-2
c.m. B* (m) L_Inst L_Int (ub’') Tot Sys vdM  Reference
energy (103%0¢-25-1) Unc. Sys. detector
(TeV) (%) Unc.(%)
2011 7 90 5%103 80 2.3 1.5 BCM
2012 8 90 5%102 500 1.5 1.2 BCM

2012 8 1000 0.8*10-3 22 1.4 1.2 LUCID




CMS: PLT

* Uses same pixel sensors
and readout chips as
phase-0 pixel detector

* 48 silicon sensor planes
arranged in 16 “telescopes”

(8 on either side of CMS)
outside the pixel endcap

(In[~4.2)

* Use special “fast-or” readout
mode of chip to look for events
where all three planes in a telescope register a hit
(“threefold coincidence”) to measure luminosity

* Provide online bunch-by-bunch measurements to LHC
and CMS with a statistical precision of 1% every 1.5s to
allow for fast feedback (e.g., for beam optimizations)
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CMS: BCMITF

» 24 sensors located on face of PLT/BCM1F carriage
with fast readout (6.25 ns) to distinguish luminosity
from machine background

» 2015-2016 all sensors
were diamond, but
severe problems with
efficiency loss in 2016

evers16/17 @ [N EYETS sensors
were replaced and
upgraded to a mix
of polycrystalline
diamond, single
crystal diamond, and
silicon —rreg
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CMS: PCC

» Pixel cluster counting uses the raw rates of pixel
clusters in the main CMS pixel detector

> Primary offline measurement in 2015 and 2016 (Phase 0 pixel detector

> Limited by CMS DAQ and trigger for online practicality

*» Two major corrections necessary:
> “Type 1” affect

o
w

= CMS Poimicy 2015 (13TeV)
the next BX after & .- y o 3| =
a colliding BX for 2z | e g
- - O - — I
signal spillover £ L -3
3 ] A
> “Type 2" affect 2 o . ¥ 3
X Wy s I 1 3
several BXes after g 0.05% £ %}‘F : ©
= v . T 3
: [T . . . 3 K
for.mat[erlal £ ?o:;' ~sg s":')’oﬂ 850 5:0:";;35((;“#%%%?050
activation Bunch Crossing
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CMS: HF

36 PMT

boxes
each end

» Uses existing HF
calorimeter with
dedicated readout
for luminosity
information

» Two algorithms used:

> HFOC: uses raw occupancy rate in HF (fraction of
towers with hit energy above noise threshold).
Standard in 2015-16 but some nonlinearities at higher
pileup.

> HFET: uses sum of E; deposited in all HF towers.
Commissioned during 2016 and is now the primary
algorithm for 2017-2018 running.
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Upgrade per HL-LHC

Prestazioni attese HL-LHC:

* Energia nel centro di massa: Vs = 14 TeV

e Listantanea = 5.0 X 1034 cm2 s°!

* Lintegrata = 3000 fb"!

* Numero medio interazioni per bunch crossing:

<u>=200

Difficolta tecniche:
* Alto flusso di particelle, alto trigger rate
» nuovo sistema di trigger
* Alta occupanza rivelatori
» Limitazioni readout
» Complessita di ricostruzione evento
* Aumento della fluenza vicino alla beam pipe
fino a 106 n., /cm
» danni da radiazione
» attivazione dei materiali

Sara Valentinetti

HL-LHC

| b .
i b I
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Civil Eng. P1-PS
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ATLAS -CMS radiation
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2.5 x nominal luminosity upgrade phase 2
ALICE - LHCb p—
upgrade
® S Integrated
3000 fb™! AR

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
UpgradeEventDisplays
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HL-LHC: ATLAS

ATLAS L-upgrade: a possible future LUCID fiber detector

0 With p-values going up to 140-200 the present type of quartz
photomultiplier detector will saturate (hits in every BXs).

O Present idea for LUCID-3: fiber detector with a Bi-207 source at the end
of the fiber bundles that provides Cherenkov light for calibration

1 MeV electrons: have o ronge of about 2 mm in quartz,

Aluminium cap to enclose source Aluminium tube The Cherenkev angle in quartz is 47 degrees.

0.5 T The critical angle for total reflection is 74 de ’

(0.5 wm front) \ / Fiber Bundle = e L_i'mwnlw
Quartz fibers

Quartz disc with Bi-207 source
(1-3 mm thick)

O Prototyping started

@ 2.45 m long PUV800 quartz fiber bundle
with 35 fibers; each end epoxied in
ferrules and polished

@ One fiber end was connected to a i
Hamamatsu R760 photomultiplier. At the _~
other end, 50 ml of a Bi-207 solution was
applied directly to the fibers & let to dry.

W. Eozaneck Slide 16 FCAL Collaboration meeting, Krakow, 10 May 2018
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HL-LHC: ATLAS

ATLAS L-upgrade: (one of the applications of) the HGTD
[High-Granularity Timing Detector]

O Original (& primary) motivation

@ High vertex density & degraded z;-
resolution at high n & ambiguous
track-to-vertex association

@ Spatially overlapping vertices can be I
resolved in the time dimension
using accurate vertex timing !
measurements !

O HGTD in a nushell Barrel I
@ twoendcap disksatz=+ 3.5 m

@ Active area: 120 mm <R < 640 mm zsl m nn—-:'”::
= 2.4 < ITII < 4.0 ] "““'J &

@ Si-based Low-Gain Avalanche
Detector (LGAD) technology
= o, = 30 ps/track over the lifetime
of HL-LHC

@ 2 Si layers per disk — N

@ RQ < 10% occupancy @ p = 200

=2 1.3 mm x 1.3 mm pixels
W. Kozaneci Slide 17 FCAL Collaboration meeting, Erakow, 10 Mgy 2018
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HL-LHC: ATLAS from CMS experience

HGTD £ measurement: Pixel Cluster Counting (PCC)

0 Use pads 2.8 <|n| < 3.1 0 Excellent linearity...
@ high granularity = no saturation
g C TATLAS  Simuston Prebmicary ' =
)y 10% occupancy easily handled by o 10000 s /__
Poisson formalism g B000[— - Standard MC f_f;‘;cmm E
. an g - ~ o
@ good statistical power over full -y > ~ 3
d & r _p_ S g 4000} 7 7. _____..--"'"f;
p range s k ATLAS Simulation Preiminary £ 2000F M'__---_- aat b S CMS; speciql
z107) HGTD First Layer (41 = 1 ] g ~ Full detector simulation -
SN . 240 <ii<315 B — - read out of
s "01%2.60-( < 2.80 1
g —————————— o LA 5 gﬁj’"mi Inner Tracker
§1D” . - )
2 b 102
3 ™~ L, i 3
g vdM scan . 5 osel | p‘{'ﬂw
Ed " 088 3] 100 180 200
% I A.l.., atiasaal l_. . Number of imeractions
- 10 107" 1 10 1

<=

... in simulation!

o Deadtlme'less' bbb readout 1 This effort would greatly benefit from

) Hit count per ASIC (2 cm x 2 cm area) acquiring real-life experience with
at 40 MHz (every BX on every turn) for PCC-based £ determination using the
@ central time window, and, separately, for forward-pixel disks in the present
) ) ATLAS detector
@ sideband(s) for afterglow subtraction
take advantage of good time resolution
W. Kozanecki Slide 18 FCAL Collaboration meeting, Krakow, 10 May 2018
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10000 _—IA:I'LASI Simulation Plrelilmir|1arly -
— HGTD First Layer
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O Exploit correlation between the number of hits
in the detector and the number of interactions
per bunch crossing

Mean number of HGTD hits
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HL-LHC: ATLAS BCMW’

Reasons:

» handle on the background activity in the tracker, with the aim of aborting
LHC beams when danger levels approached.

* online bunch-by-bunch luminosity measurement at 1% precision.

Run 2 problematics:

» Current BCM provided by two systems:

e fast BCM: both as a bunch-by-bunch abort and luminosity device.

 Beam Loss Monitoring (BLM): diamond sensor integrating the charge
over a minimum of 40us.

» two functionalities provided by a resistive splitting of the very fast signal ->
non-optimal performance on both tasks:

* For luminosity: the speed results in degraded S/N, so signal amplitude
variations induce efficiency drift.

e For abort beam: luminosity requires single MIP sensitivity but this limits
the level of the abort threshold settings, making them hard to justify,
especially with only a few circulating bunches in the machine ,when the
slow BLM'’s fail to show any activity

Sara Valentinetti IFAE 2019 — Napoli 8-10 Aprile



HL-LHC: ATLAS BCMW’

» stations with 3 fully separate devices (pCVD diamond pad sensors): luminosity, fast
and slow abort. The 1 cm2 diamond sensors of luminosity and abort devices are
divided into7 pads of decreasing sizes from 32 to 1 mm2to effectively cover the
foreseen dynamic range. The time-of-flight flagging of beam induced background
used in the current BCM is kept. Background-induced showers originating upstream
provoke signals early by2z/c=12.5 ns (for the 1.9 m “golden” z location) in 4 stations
on the upstream side with respect to the signal

:_—,(\;\\\\\\\\\\ l - ' I ’ I l
200 ;F+\\\\\\\ (TN ‘,'I] | I R I R | B 11 BCW™
I 1

.—-/n;-\\uu\\)yr’\"\ l ring

'm—,';“,‘/“’i AMVLA L LT
b S ! _\b_ﬁililil—_l L '1u3| 6
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Yo G G
S .2 W, £ e 9 time [ns]
Daracre 22 @ 170

https://cds.cern.ch/record/2285585/files/

ATLAS-TDR-030.pdf

Figure 12.6: Persistency plot of the PSI beam at 9.2 MHz/cm? with the BCM’ amplifier prototype.
The approximately 20 ns time structure is clearly resolved. The absence of the bunch before the
triggered one is due to trigger veto.
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HL-LHC: CMS

B
Inner Tracker Endcap

» The larger tracker for HL-LHC will take up the
space currently occupied by PLT & BCM1F
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https://indico.cern.ch/event/697164/contributions/2987411/attachments/1647549/2633730/CMSLuminosity-FCALWorkshop.pdf

HL-LHC: CMS

B
Standalone Lumi Detector

* |t is also desirable to have a completely
independent lumi system

* Promising approach using VeloPix: very
radiation-hard pixel chip being developed for
LHCb VELO upgrade

» Could squeeze a single layer in the space
outside the tracker
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HL-LHC: CMS

B
DT Lumi

* As currently, it looks like the most advantageous
approach to using the muon chambers is to take
advantage of tracks reconstructed at trigger level

* Should be possible in principle to make bunch-by-bunch
measurements available (may even be possible, at least
as a prototype, in Run3 after LS2)

* Overall occupancy should remain quite low even at HL-
LHC levels

~ HLT TRACK RECONSTRUCTION

Reconstrucl ion of hns and track
segments inside a chamber

2. Level-2 (standalong) Reconstruction
Resonstruction of the track inside tha

3. Level-3 (global) Reconstruction S
Reconstruction of the track combining the o N
infarmat nn from tracker and muon system .
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HL-LHC: CMS

.
Lumi with Timing Detectors

» Timing layer outside tracker to provide high-
precision time measurements to improve PF
reconstruction

» High time resolution (30-50ps) makes this
promising as a luminosity measurement also

» Still just an
idea at this h
point...will
need much
more
development

04
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ATLAS Z-counting
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The invariant mass distribution of the muon pairs of the 240,000 Z ->mumu boson events
selecting two muons with pT> 27 GeV, pseudorapidity < 2.4 and 66 < m(mumu) < 116 GeV.
The statistical errors are smaller than the symbol size.
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ATLAS Z-counting
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Figure 2: Top: The instantaneous luminosity determined from the Z — pu counting rate, Lz couming (full circles),
selecting two muons with p# > 27 GeV, In¥| < 2.4and 66 < m,, < 116 GeV, and the ATLAS-preferred luminosity
measurement Lam as (red line) based on the LUCID online luminometer, both averaged over 20 Luminosity Blocks
(LB). The LHC fill 6283 was taken at /s = 13 TeV on October 8, 2017. The Z counting rate is corrected for in situ
data-driven trigger and reconstruction efficiencies including the residual Monte Carlo correction, and is normalised
to the integrated ATLAS luminosity for this fill. The x-axis represents the elapsed time in units of Luminosity Blocks
with a typical length of one minute per LB. Error bars are the statistical uncertainties of the Lz couning determination.
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ATLAS Z-counting

LZ Counting/ LATLAS- 1 [O/O]
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Figure 3: Fractional difference between the run-integrated luminosity determined from the Z — pu counting rate,
Lz Counting, selecting two muons with p’T' > 27 GeV, [p#| < 2.4 and 66 < my, < 116 GeV, and the run-integrated,
ATLAS-preferred luminosity measurement Lat as (based on the LUCID online luminometer) per LHC fill taken at
v/s = 13 TeV in 2017. The Z counting rate is corrected for in situ data-driven trigger and reconstruction efficiencies
including the residual Monte Carlo correction, and is normalised to the integrated ATLAS luminosity of the whole
2017 data taking period. The x-axis represents the date when the fill was recorded; only runs with at least 10,000
Z counts and a minimum length of about 40 min are included. Error bars reflect the statistical uncertainties of the
Lz counting measurements only. The dashed line indicates zero.
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ATLAS /CMS Z-counting ratio
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ATLAS: sistematica finale Run 2
S

Integrated luminosity in each year L, and its uncertainty o;

Covariance matrix of the absolute integrated luminosities in each year V
This encodes the correlations between the year-by year Iumlnosmes

Then Lot = 3;L; andvariance 2 Lot = GVLG

dLtot dLtot dLtot )
.| =(1.1,1....
dLl ? dL2 ? dL3 ? ( Y )

Covariance matrix V| constructed by summing individual sources with
uncertainties o; in each year (many separate correlated/uncorrelated sources):

Derivatives vector: QG = (

o 0 0 0f 0102 0103
Vi=| 0 o3 0 |+ | o102 0% o303 |+..
0 O ag 0103 0903 ag
An uncorrelated source A correlated source

Some sources may not contribute to all years, so some ;=0

Sources with both correlated and uncorrelated parts are handled by being broken into
two separate contributions to V,

https://twiki.cern.ch/twiki/bin/view/Atlas/LuminosityForPhysics
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