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What Is Luminosity?

_ R _ NN,
»Cinst—

Tvis 2wy,
- Linst: instantenous luminosity
- R: measured rate of the quantity
- o0yis: Visible cross-section

- Basically the rate of any physical process can be given as
AN — o g

dt inst VIS

- f: machine revolution frequency (11245 Hz)

- Ni,: bunch populations

- ¥,y horizontal & vertical beam overlap sizes (widths),
measured by vdM scans (next slide)
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About vdM Scans in a Nutshell

- 2 bunches with p1(x,y) & 0:(x,y) proton density functions
collide

- vdM scans sample the convolution function along the axes:
(01-02)(0,y) & (o1 02)(X,0)

LHC beam
o,

LHC beam
o

LHC beam
F 02l raenaaiaa e 7 02 7 02
E E £
S-0.2] S-0.2] 302
“O%F =04 62 00 02 04 06 “O%F =04 62 00 02 04 06 %6 =04 02 00 02 04 06
X separation (mm] X separation (mm] X separation (mm]

- vdM data separately fitted in the 2 directions with a Double
Gaussian

- Width parameter calculated from the fits:
Ovyjs = f f(91 : Qz)(Xa )/)dXdy ~2- maX(QW : 92) : szy
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The XY Factorisation Bias

BUT! avis = [ [ (e

- 02) (X, y)dxdy ~ 2 - max(gs -

0) - TxXy

approximation is exact only if the convolution shape is

factorizable

CMS preliminary
Scans: vaM2+diag

| BCID: 2965

Detector: HFET

Fill 8381 (2022, 13.6 TeV)

Fill 8381 (2022, 13.6 Tev)

CMS preliminary
Scar +offs

BCID: 2965
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(01 02)(%,Y) = f1(x) - f2(y) — we have to test it!

CMS preliminary
Scans: vaM3#minil
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F0.04

- Measurements: convolution shape not factorizable — XY

factorization bias

- 2D fit using multiple functions: Single Gaussian, super
Gaussian, Double Gaussian (with various constraints),

g-Gaussian, polynomial Gaussian
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Input Data

nna Fehérku
Fill 8381 (2022, 13.6 TeV)

LHC beam positions

T T

Introduction

g F vdm1 vdM2  diag vdM3 offs  vdM4 SS2 B
g 0 g B
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2 400
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vdM scans used in this analysis:

- vdM(2-4)
- offset

- diagonal
- mini(1-2)
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2D Fits: Visualization

nna Fehérku

Y separation [mm]

Anna Fehérkuti (ELTE & Wigner)

0.6

0.4

o
N

o
o

|
o
N

-0.4

-0.6

Fill 8381 (2022, 13.6 TeV)

CMS Preliminary
Scans: offs+vdm4
BCID: 769
Detector: HFET

¢ beam separations
{  norm. rates [a.u.]
--=- 1D DG fit
2D polyG fit

—-0.6 -0.4 -0.2
X separation [mm]
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Simulation

- Given: 2D fit function parameters with uncertainties from
measured data (from vdM+diag / vdM+mini / vdM+offs) —
sample parameter space to get vdM “data”

- Vary these parameters according to the uncertainty —
random 2D shape (this also lets the uncertainty of the 2D fit
propagate onto the correction)

- Calculate rate at pre-defined (nominal) separation points
using the randomized shape

- Do (hypothetical) vdM fit (1D) on this artificial data

- Compare o,;s from the simulated vdM with the exact o;s of
the randomized 2D shape — get a factorisation correction

- Standard deviation over many randomized shapes — fit
uncertainty

- Method cross-checked with closure test
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Correlation Between Detectors

nna Fehérku

- Strong CMS Preliminary Fill 8381 (2022, 13.6 TeV)
correlations in 20
H1s + W =+
case of a stable g
shape model i —
and r e
well-understood g
. ¥
luminometers " g
. These Scans: diag+vdM3 E‘s v
) Model: polyG T1o0
luminometers 0D systematic: central ,
are used to T toectenonenta| o E T
define the final 10

correction and

o,
00 05 10 15 20
PLT

its uncertainty
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Correlation Between Models

nna Fehérku

- Strong
correlations

- supG: smallest
corrections

- These models
are used to
define the final
correction and
its uncertainty
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Model Dependence of Results

nna Fehérku

2.0
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15
g
3
§
P 1.0
2 7
© Z
g Z
S I
05 -
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RMS: 0.16
-+ global average: 0.98
global RMS: 0.35
0.0
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Models

Zimanyi School 2023

Correction on ay;, [%]

Comparison of the results from the chosen vs other models:

- Global average out of the results of the stable models
- Additional model systematics of 0.7% accounts for the
results of the 3 unstable DG models

20 Fill 8381 (2022, 13.6 TeV)

CMS Preliminary
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Checking Time Dependence

nna Fehérku

- No time . Fill 8381 (2022, 13.6 TeV)
d e pe n d ence CMS Preliminary 4 factorizati(;)gscorrection
) = average: 0.
during these RMS: 0.06
== global average: 0.98
P measurements Ls glopal RIYS: 0,35
- Points refer to: S 7 7
vdM2+diag, y . o
. o0 iz /. 7174907977 ZZ
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combinations
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BCID Dependence of Corrections

Fill 8381 (2022, 13.6 TeV)
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Summary and Outlook

The final result: (0.98 + 035 + 0.7)% — (1.0 + 0.8)%

- Global RMS: 0.35% (from all 144 x 4 x (9 0r10) x 7 x 5
measurements)

- Shape uncertainty: 0.7%

- Closure test: negligible

Uncertainties in more detail:

- BCID (144): 0.27% (true dependence: collision pattern at LHC)
- Model (only the 4 well-behaving): 016%
- Forall 8 0.37%
- Additional model uncertainty to cover the lack of knowledge
of true shape: 0.7%
- OD systematics (10 for offset + 9 for diag): 0.05%
- Time (aka. scan pairing, 7 combinations): 0.05%
- Luminometer (5): 0.02%
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Thank You for Your Time!

Backups »
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Workline

- 1D fits
- Rate matching for offset — more precise OD correction

- (rate matching vs lin OD correction separation) = 0.003 mm
(used as systematic variation)
- 2D fits - further tunes of DG shape considered:
- RhoFixed: fitting with ¢ = 0 requirement

- RhoReleased: on the basis of RhoFixed results, refit releasing o
- Reparametrizations: aiming to avoid oscillation between 2
minima in the prediction of the correction in DG case
- TiltFixed: fixing the sigmas in the ~same directions between the
2 DGs (in 2D) to be the same (X and Y direction still can be
different), also fixing do = 0
- AxisFixed: fixing the angle between the axes of the DG's SG
components to 0 (requiring having the same orientation)

- Simulation
- Closure test (next slide)
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Closure Test

nna Fehérku

Repeat M=100 times Select truth shape
= truth model + parameters

/\xk\-

/,.r-f"'/ Sample truth shape in vdM +
'// off-axis scan pattern
> exact rates
Compute correction on exact 1
truth shape (sim vdM),
perform sanity checks Repeat N bcid times (144)

(vdM x*/dof<l, |corr|<2.5%)
]

Perturb exact rates with
stat. noise
> toy data

truth correction 1

Compute correction as for
data using fit model,

diff <—— Compute mean discard if x’/dof>2.5

P

—— Compute mean & std
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Rate Matching

Fehé

nna

Fast change of the rate with
separation — offset scans: even

can have a significant effect —
additional correction on offset
data ensuring that rates match
at the “common” scan point:
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a small change in the separation

BuUNCh Intensity normalized rate [a.u.]
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Additional Orbit Drift Correction

e - Linear orbit-drift (OD)

Sl o correction applied

Drift

beforehand on input data

Fill 8381 (2022, 13.6 TeV)

(based on beam position

210 cMS Jimii
measurements by DOROS: e, preliminary
. . . . Model: DG
Diode ORbit and OScillation e
system)
- nominal sep.: 192.6 yum

--- linear OD sep.: 191.5 um
- rate matching sep.: 196.2+ 0.1 um

Rate matching ~additional
OD correction in the

non-scanning direction of R LIeT SRR
the offset scan 195

- Largest shift shown

Offset [um]
N
o
o

- Luminometers agree well 2O o TWE ot e

- Value also used as a +
variation estimating
possible unknown OD
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Parameter Dependence

SUPGao (X, Vi V. pix; iy, 0x, 0y, 0, P) = %exp< - %)

- p parameter of supG

. Fill 8381 (2022, 13.6 TeV)
(responsible for the [ CMS Prefiminary [T i contalon coracin]
"peakiness” of the supG Denecto HFET

Model: supG

»

shape: p > 1 means flatter
than Gaussian shape)
divides obtained correction
value to 2 trends

o
—_—
i

Correction on ;. [%]

- Phenomena present in o ’M MW
other models as well (with 4!
the corresponding 0o ose ose 1o ez ted

parameters)
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- Plotting the
correction
values wrt. the
BCID: same
pattern present
asin 1D

-+ Pattern
corresponds to
the collision
scheme in LHC
(i.e. in which
experiments the
participating
bunches collide)
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LHC Collision Pattern

242L0: bunch in beam
B8+2L0: bunch in beam

bunch in beam
2+3L0: bunch in beam
2#3L1: bunch in beam
i bunch in beam
2#4L1: bunch in beam

and bunch beam 2 collides only at IP1 and IP5
also collides at IP2 (ALICE)

also collides at IP8 (LHCb)

also collides at IP2 (ALICE)

also collides at IP8 (LHCb)

collides at all for IPs

collides at all for IPs

I N N

LHC filling scheme: s25ns_146b_144_35_22_8bpi 20inj nocloselR.cs:

FEEEEREHEH
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2D Functions in Use I/IV.

2 2
(X—Mx) +(V*w) 729X—#x y—ry
Short-hand notation: 2 = >~ 4 —

2D fitting functions used in the analyses:

- Single Gaussian:
. _ v r
SGzD(X; ViV, pix, fy, 0x, Oy, Q) = m exp ( - 7)
- Super Gaussian:
P
Squ2D (Xv ' V> Hxs fby, Ox, Oy, O p) = %exp< - %)
- Where the normalization: N = 2woxoyy/1— 0 - @21/9

- ... (next slides)
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2D Functions in Use II/IV.

- ... (previous slide)

. 2
- g-Gaussian: qGyp(x,y) = m . eq( - @172@)
W

- Where: eq(x) = [1+ (1 —q)x] 7

- And: C(q) =

otherwise.

+ Polynomial Gaussian: polyGap (X, ; V, px; by, 0x, 0y, 0,02, Qs) =
L1+ axr? + aur*) - exp(—0.5r%)
- Where the normalization: N = 2woxoy/1— 0% - (1+ 20, + 8as)

Qs ifa, >0
- And the other parameters: a, = ¢ _ X
Qs + a5 /4 otherwise.

- For positivity: a, > 0 is required

- ... (next slides)
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2D Functions in Use IlI/IV.

- ... (previous slides)

- Double Gaussian:

DGyp(x,y) =V - | Vg~ SGQD(X y,17ux,uy,a£),03(,),g )+(1—

VR) 'SGZD<X7y ,U/Xalj/yaa-)(( )70)(/2)5Q( ))>
- Reparametrizations of the DG 2D fitting function:

: DG—T’[tleed(Xay) = V : <VR : SGZD (X7 y; 17 Hoxs [y, O')(j)7 U)(/1)7 o +

dg) + (1= Vvr) - SGa (X, Vil o py, 0, 03, 0 — dQ))

- Where: o{" = oy\/5r\/52, 0)(,1) = oy\/SR/ /54,
o) = ox/\/5w/V/sm o) = 0y/ SRV
... (next slide)
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2D Functions in Use IV/IV.

- ... (previous slides)

- Another reparametrization of the DG 2D fitting function also
needs for reparametrization of the 2D single Gaussian
function:

() v r
5G3p (va; v, /lx,,uyaUx,Uy,Ol) = oo - €Xp ( - 7“)
TOoXTy —

where: 2 = [XT) o) (7 2 ) Ry (X
Y — by 0 o Y =

- Where: R(«) is a 2 x 2 rotation matrix
- With these the reparametrized DG:

DG_AxisFixed(x,y) = V- <VR e CATANTTN DRGNS

da) + (’I - VR) : SGgg) (X7y; 17,LLX7/LV70—>(<2)7U)(/2)7Q - da))
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