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Outline - publication of two papers ongoing

o first cross-section measurement at /s = 13 TeV
o B* =90 m, October 2015

o first determination of the p parameter at \/s = 13 TeV
o B* = 2500 m, September 2016
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Cross-section measurement at /s = 13 TeV

e special run: October 2015, B* =90 m, u =~ 0.07, RPs at 5 ¢
e luminosity-independent method
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Cross-section measurement at /s = 13 TeV

e assuming p = 0.10 (justified by the B* = 2.5 km data):
Otot = (110.6 £3.4) mb, Ojpe = (79.5+1.8) mb, 0o =(31L.0£1.7) mb
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Cross-section measurement at /s = 13 TeV

o ratio Og)/0tor = 0.281 + 0.009
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Diffractive slope at /s = 13 TeV

e at low |t|: do/dt ~ Aexp(—Bj|t|)
e at 13 TeV: B = (20.36 + 0.19) GeV 2
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Diffractive slope at /s = 13 TeV
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Elastic scattering in Coulomb-nuclear interference region at /s = 13 TeV

e very low |t]: interference between Coulomb and nuclear scattering
o access to the phase of the nuclear amplitude, e.g. p = ‘AN \t 0

e special run in September 2016
o RPsat3 0 — |t|mip ~ 8- 104 GeV?
o B* = 2.5 km: very good angular resolution
o 4 LHC fills: 7 M elastic candidates tagged

e background under control
o regular “beam cleaning”
o after selection cuts, background ©(10~3)

= 0T T T T T T T 15210001 ved aetit — 108 gr——rrrm 5
E - -fr-bt, unresolved activity g B 3 cuts 1and 2:
40 «  diagonal 45 bot - 56 top, 4x single track 107 £ 45 bot - 56 top
Q 5 E
S diagonal 45 top - 56 bot, 4x single track % 106 45 top — 56 bot
30 “ i w ¥ = 5 45 bot - 56 bot
WK ”* M 105 45 top — 56 top
+ B
20 (g &‘ ‘hm‘ NM&“‘BM ul
? 10 £ I
o &“ (' I ; : g
& " A i Fi E
R4 ./ L] ,/ : ST
O ?I . P MMH'\‘V\'\H\HH pe bl ol
74 7 78 79 81 82 83 84 85 86 1073 1072 107!
time from 20 September 2016, 0:00  [h] Ifl [GeV?]

Jan Kaspar LHC Working Group on Forward Physics and Diffraction CERN, 7 December 2017




Elastic scattering in Coulomb-nuclear interference region at /s = 13 TeV

e at low |t|: effects due to CNI visible
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p extraction from differential cross-section

e observed cross-section

2
do + + + +
— X
dt
Coulomb hadronic “mixed”
amplitude amplitude terms

e our modelling (assumptions)
o “interference” formula (summation for practical applications): Kundrat-Lokajice
o Coulomb amplitude: QED + experimental form factors

Np
o hadronic modulus: empirical guidance, at low |t|: aexp [ > bpt"
n=1
o hadronic phase: slowly varying (central behaviour), as in pre-LHC determi-
nations

- more exploration in a forthcoming paper
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e |t| ranges

p extraction from differential cross-section

o |t| < 0.15 GeV2: maximum, for higher |t| faster decrease to dip
o |t| < 0.07 GeV2: Nj, = 1 expected sufficient, equivalent to UA4
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e preliminary results

p extraction from differential cross-section

Itimax = 0.07 GeV2 | |t|max = 0.15 GeV?
Ny | x2/ndf 0 x2/ndf 0
1| 07 |009+001| 2.6 -
2| 06 |0.10+0.01| 1.0 |0.09+0.01
3| 06 [0.09+0.01| 0.9 |0.10+0.01

o data incompatible with purely-exponential hadronic component
o p constrained in a narrow range
o one of the most precise p determinations in history

e important fit configurations (red)
o Np = 3, |t|max = 0.15 GeV?: “our best” determination

o Np =1, |tjmax = 0.07 GeV2: “most fair" comparison to past measurements
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(In)compatibility with COMPETE

RPdPL2_20, RPdPL2u_17, RPdPL2u_19, RPdPqcL2u_16, RRcdPL2u_15, RRcdPqcL2u_14, RRPL2u_19, RRPL2u_21
— — — — RRPEu_19

RqcRcL2qc-12, RRcL2qe-15, RRL2_18, RRL2qc-17
RqcRecLqc_12, RqcRLge_14, RRcLqge_15, RRcPL_19, RRL_18, RRL_19, RRLqc_17, RRPL_21, RRPL2_20, RRPL2qc_18
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e band-data compatibility: p-values
Otot (4 to 6 TOTEM measurements) | p at 13 TeV (0.09 + 0.01)
blue 0.990 to 0.995 3.10°°
magenta 4.1073to7-1072 9.103
green 3.109t0 21015 0.4
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Physics interpretation: on-going work in the theory community

e t-channel exchange of a colourless 3-gluon bound state (/P = 1-—) could
decrease p in pp collisions at large /s
o originally predicted as “Odderon” in axiomatic theory [Lukaszuk, Nicolescu]
o confirmed in QCD [Vacca, Braun, Lipatov et al.]: colourless 3-gluon bound
state with stronger internal coupling than external
o “vector glueball“ in lattice calculations [Luscher, Morningstar et al.]

e other manifestations
o difference of depth of “diffractive dip“ between pp and pp collisions
o faster increase of oy With /s
o non-constant hadronic phase and low-|t| deviation from pure exponential
o no oscillatory effects at large |t|

e 2 models in agreement with TOTEM data [Nicolescu, Durham]
o agreement improved when included exchange of 3-gluon bound state
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