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A bit of context...

Standard Model Production Cross Section Measurements

Status: February 2022

Typical measurements at LHC 8w ATLAS Proliminary .

> SM processes (EW, QCD) > 1 Ve 57813 T oo

> New physics (SUSY, Exotics, DM,...) CN— . 10 o
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>All these processes account for ~460% S P o

of the total pp cross section...what about the rest? 10 e f nﬁ IR T
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» Very forward processes 2 need specialized B

detectors!
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Why is forward physics important?
v Cross section not-calculable from pQCD - experimental approach needed!
v' Crucial for Monte Carlo simulations especially at high pile-up
v We can have predictive power for high energy scales - cosmic ray physics and FCC!
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Measuring 0;or and p

At ATLAS, we can measure Oror Via elastic scattering & JRRALLL IENLLL AL BRI BRI j
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Optical 5, — axlm[f.(t — 0)] S 10° nuctear 1
theorem e - E
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> Measure the differential elastic cross section - get p and o101 193k . e sm o3\ -
- Different beam conditions and /s values allow to investigate 10_4; 8 TeV 90m % ]
different regions of the a,; spectrum s E
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Who performs these measurements? -t{GeV?]
iy fesones o megsure smalande prolon scotier Aready 3 meosuremens
P Uminosity 1o NOrMAlizE o, published and 2 more

are ongoing!
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LUCID

16 PMTs for each side of
ATLAS (Aand C) at 17m
from IP

A-side C-side
ALFA Q5 D2 Q3 Q1 Q1 Q3 D2 Q5 ALFA
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» Measure Cherenkov light
Al A3 A5 A7
A T jAmaamde . T produced on PMT quariz
— & & 8 P window
A2 A4 A6
» Gain monitoring system with
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207 |
machine

parameters,
measured known
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from vdM

scans

layers of staggered
scintillating fibers

Single PMTs act as independent detectors
or be combined in global algorithms
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The total cross-section for FCC

200

* 0, CaONNot grow faster than In?(s) (Froissart-Martin =
€ . anl_. * low energy pp
bound) S180—  SppS
8 [+ Tevatron
a 160—— o ATLAS
. - © ' a TOTEM
« p at a given energy becomes sensitive to the energy S sof . Cosmics
evolution of g;,; beyond that energy (given dispersion vOE |

relO.I.IonS) 120 =i .................................... ................................... ...... A4

-> We can be sensitive to a,,, at the FCC expected /s!
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The total cross-section for FCC
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The total cross-section for FCC
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Two recent measurements of p (by TOTEM and
ATLAS) do not agree with predictions from dispersion
relation using the In?(s) parametrisations

- We need to understand what is the cause of this ~3¢ (!) discrepancy
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Understanding the discrepancy: 900 GeV ATLAS/ALFA runs

1) orr Qrows slower than predictions at energies beyond LHC
?) Possible existence of the Odderon (CP =— — state of 3 gluons)

- Considering these two scenarios gy, at FCC energies will lie in the range 130 -155 mb

How can we discern between these two casese

An interesting measurement can be performed by ALFA at /s = 900 GeV

. See Ref. 3
_____________________________________________________ o 03F :
' If the explanation is 1) = no influence on the p value at /s =900 | [ © proton-proton data
' GeV and data would then agree with prediction | 02p * antiprofon-proton ata
' If the explanation is 2) - it could affect p at this energy and the | 0'15 e
' p measurement will be at fension wrt prediction : of- X
The smallest possible uncertainty on p and g,,, is needed .
- A major - often the major - contribution to the systematic . _ggxgzi ‘;’;:’;;’22“2
uncertainty has been the luminosity uncertainty SO R BRI
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Luminosity measurement in ALFA runs

14 runs at low-luminosity and high-p* (100m vs ~25cm in usual physics runs) done in 2018 at /s = 900 GeV

Approach to luminosity measurement in ALFA runs

3 012————1—— T T 1 - T T ]
o = E
1. Measure the background-subtracted absolute luminosity (or & *' v41_'l.1§§eVPreI|mmary -
1), with various LUCID algorithms, calibrated in vdM scans S 0105 LHC Fill 6881 s s 3
S goF. LUCID Bi2EventOR A ]
) ) S — 0O Background not subtracted " . i§
2. Compare different detectors and algorithms to account for: = 0.08]- ® Background subtracted =
- Background subtraction uncertainty 0.07F- @ Coliding bunches =
- Stability and algorithms compatibility 0,061 BBy punhee E
A -
Background subtraction 280
« Constant rate from 207Bj activity R
e Afterglow from nuclear de-excitatfion after collisions
+ Single-beam (beam-gas) interactions .
= To be carefully evaluated using unpaired (non-colliding, filled) . Lo e
. = |.M M
bunches 0 20 40 60 80 100
Bunch crossing ID

,U/vzs Otot /Uvzs
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Luminosity measurement at 900 GeV

> Ad-hoc van der Meer scans were needed to provide absolute luminosity calibration = very challenging analysis
» Accurate evaluation of background, whose magnitude can compete with signal
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2 _ °:' - ATLAS Work In Progress 1
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Luminosity measurement at 900 GeV

Difficult evaluation of the single-beam background due to the low-luminosity and different beam
currents in the filled colliding vs unpaired bunches

\\
A

Many methods have been tested and developed

* Observe the data looking for clear indications of beam-gas bkg

e Use the nominally empty bunches and compare them with the unpaired ones

e Use the LUCID AND algorithm: a logic AND between the two sides of LUCID
allows to cut down on background and obtain a background free algorithm

RESULTS (WORK IN PROGRESS!)

Integrated luminosity and its statistical uncertainty % = 1437.58 £ 0.65444¢ b~ *

Source Sys. Uncertainty (%)
. . Stability (LUCID EVENTAND BD) ¢ 150
Systematic uncertainty = vdM Calibration oG R"c 1.85
Beam Gas N PR 0.74
~R¥ \
TOTAL WO 2.49
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Conclusion

* 0.0 1S O pivotal parameter for hadron colliders

« There are open questions regarding o, evolution, which can result from new physics

ATLAS and ALFA have an ongoing measurement at /s = 900 GeV in order to constrain og;,; and p

evolution - their measurement aims to discern between two alternative explanations of the
disagreement of the p measurement of TOTEM and ATLAS at 13 TeV wrt the expected evolution

The luminosity uncertainty could be the determining factor of this measurement’s discriminating power
-> precise estimate required

> Very challenging beam-conditions affect the luminosity uncertainty evaluation - in-depth beam
gas study was required and the use of less-used LUCID algorithms

» Currently the luminosity measurement is waiting for approval and the final uncertainty is expected
to be of the order of 2.5% total luminosity uncertainty

STAY TUNED! ©
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More about dispersion relations

Dispersion relations are based upon the Kramers-Kronig theorem.

Let x(w) = xy(w) +i x,(w) be a complex analytic function of
the complex variable w where x;(w) and x,(w) are real

Then:

/
X1 (w) —’P / X2 (w ) derivation based upon the
Cauchy integral theorem

Thus the Kramers-Kronig theorem gives a relation
between the real and imaginary part of a complex
analytic function.

Applied in many different field of physics
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Rho measurement

When they hold ?

Since T, (s, t)is a function of kinematical invariants (not on the sign of P), the same
function describes the following reactions:

* 3 basic pﬁﬂCiplES: 142 — 3+4 for P, P, P, P,> 0 s-channel (s> 4m?, ¢ u<0)
1_ Ana||t|City (See before) 143 — 244 for P,P,>0and P, P;<0 t -channel (> 4m? s u<0)
2 Crossing Symmetry 144 — 2+3 for P, P, >0and P, P,<0 u - channel (u>4m? s, t<0)

) >

1 — 2+ 3+4 for unstable particle (P, P, P,> 0 and P,<0)

3. Unitarity = from the Optical Theorem

1 l{ 3 1 15 2 1 15 2 4
[ J— [ — U e
* \lery general assumptions >< >§< >z<
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Elastic scattering

"P+p — p+p

%10  Large range depending on the transferred
) 104 ElsA (s=13 TeV S 2
5 10 momentum: t = (p0)
E ; ;
5 10°F Coulomb % * Each t-range dominated by different processes
S - Nuclear * Need measurements in each t-range to access the
102 A different physics processes involved
}82 Dip+bump
10° : ; i
10%F  —westovenn 1. The Coulomb interaction dominates at very-
o SEET eaco— low t
10—9 ----- combine . .
L e aa 2. Coulomb-Nuclear interference region
10 10 10 10 10 1
t[GeV?] 3. Pure nuclear region
4. the dip-region
5. pQCD region
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Disp. Rel in elastic scattering

Analyticity of the elastic scattering amplitude f,(s,t) and
crossing symmetry -
Re f.(s,t) is related to Im f_(s,t) via dispersion relations

Inf (E') Imf_(E")
E' (s' “E)  E'(E'+E)

E

Re £ (E) = C + —-jdz'

where C is real constant and + refers to proton-proton amplitude
and - to anti proton-proton amplitude

Unitarity - the optical theorem : o,,, = 4n/p Im f_ (0)

E 5. %E) o (&) B E_[[ o o=
Ref(E)=C+ ,.,f P (t_e)'m*m)

=—4—P g3 'dE’
e /[E’(E’—E) E’(E’+E)]p

mp

crosS O . The antiprot prRef (s 1=0)/Imfy (54:0)
cross section and o. the anti-proton

proton total cross section 38 o
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Predictions at FCC: slowing of sigmaTOT

200

o L L -
In2 (s)  jup o= el ot
2 k ‘202_ — damped amplitude = ,1/\ il
1+aln?(s) i
13 | /‘%1 FCC
et
108 10’ 0t cme»oa}r?:ssmgyGeW
(a) oot

 aincluded in the fit = a = 0.0016
* Good fit of a5, and p TOTEM and ATLAS data at 13 TeV
* oo flattens out at very high energy (original purpose of the proposed

parametrization)

8 proton-proton data
02f— ¢ antiproton-proton data

01—

/’—f“;‘ -

— damped amplitude

* oror at FCC energy (100 TeV) about 130 mb
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Centre oimassenomG {PA

Per Grafstrom

arXiv:2306.15449

[hep-ph]
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Predictions at FCC: odderon

g™ 7 a0
E . 'g:peswgyw i = F ™ proton-proton data
é‘w : ;_Oi,ﬂlgm ! ' // 02/ * antiproton-proton data S S Per Grafst
o8 ggrs » . // F + er Grarstrom
S /\ B s B - a— .
S : /J T G L gy arXiv:2306.15449
"9 — Maximal Odderon "} l } I [hep-ph]
100 /{ w FCC
A
A -
1]l :
L}']T l — Maximal Odderon
14 ull FEETTETT RS TETY S Erw TTTT BT
g 10 4 Cenue-ol-:v?assenuqyeaw o CMWFDH‘SS“’W“G‘W
(a) oot (b) p

* Use of Maximal Odderon parametrization (see reference)
* Fit to TOTEM data of o, but discarded ATLAS data
* FCC predicted o, = 150 mb
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Analysis di ALFA

(\'|_| T ITIIIIIl T ITIIIIIl T Illlllll T Illlllll T
. . . . > 104
differential elastic cross section a2 o 10 ElsA model
o (t) T (t) % 10° nuclear
|t| ’ E n2
do 1 . 2 S QP
_ iag(t) _ ;) Jtot —Blt|/2 5
— = In(t) + fo(t)e In) = (p+i) == , 3 10
dt 167 ( ) ( ) hic g
fo Coulomb amplitude 1071
fx purely strongly interacting amplitude 102F e
G electric form factor of the proton 10°2
B nuclear slope T E TN eom
107
107 ©13Teveom
We Can then Write 10_6 4I IlIIIIIl 3I lIIIIlIl 1 I]lIIIIl 1 llIIIIIl 1
107 107 1072 107 1
-t{GeV?]
do Ao (he)?
- = () x G*(t) < Coulomb interaction
dt ]2
2
aG-(t) . . —Blt
—  Otot X —() [sin (ap(t)) + pcos (ap(t))] X exp i & Coulomb—nuclear
|t| 2 interference
1+ p?
2
T Otot 167 (fic)? x exp (—Blt|) < Hadronic interaction
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LUMINOSITY in ATLAS

7 R _ pnyfr _ poistpfr LAr (ECAL and FCAL) = Tile = lumi o PMT current,
T o 0 Opis read out LAr gap HV integrates over O(10) ms
. currents, O(1)s integration
Hois — 1 time
Ovis = €O

LUCID Il = ATLAS reference luminometer

» Only one which provides absolute
luminosity measurement 2 vdM
calibration

» Can provide online and offline lumi, both
per-bunch and integrated, for any u range

ID = lumi o« #tracks,

Except LUCID, in ALFA runs only tracks are available! can provide per-bunch
lumi
p = average number of inelastic interactions per bunch crossing BCM = only for low (i) and Hl runs  TPX = for radiation monitoring
ny = bunch pairs colliding per revolution Z-counting => Cross-check of baseline luminosity vs time and u

fr = revolution frequency
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