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Bevezetés:
Diffrakcio

Hofstadter eredmeényei
Uj képalkotasi médszer:

Lévy sorfejtésrol diohéjban

TOTEM/LHC p+p @ 7 és 13 TeV
p+p @ 23, 30, 45, 53, 62 GeV

Proton-proton és proton-antiproton
rugalmas ilitkozések

Paratlan felfedezés: Odderon
Paros felfedezés: struktuarak a protonban

Ma (2018.07.10-én) jelent meg, 71 oldal, 41 abera
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https://arxiv.org/pdf/1807.02897.pdf

Diffrakcio — R. Hofstadter, Nobel-dij (1961)
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Fig. 5. This figure shows the elastic and inelastic curves corresponding to the scat-
tering of 420-MeV electrons by “C. The solid circles, representing experimental points,
show the elastic-scattering behavior while the solid sguares show the inelastic-scat-
tering curve for the 443-MeV level in carbon. The solid line through the elastic data
shows the type of fit that can be calculated by phase-shift theory for the model of ] .13

carbon shown in Fig. 8. Rodiod distance (10 " cm)
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e+A: atommagokon
rugalmasan szorodo
elektronok szogeloszlasai

GOomb alaku atommagok
elektromos toltéseloszlasai




Pp+A - p+A
Glauber és Matthiae, NPB21 (1970) 135
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Az atommagok nukleon (p+n) eloszlasa
~ az atommagok elektromos (p) toltéseloszlasa
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Diffrakcio: mit tanultunk meg?

ELECTRON-SCATTERING METHOD

- 0.02) 10713 A} cm

€= (L.07 =

f=((24-4+03).10713 can = constant

GOomb alaku atommagok térfogata V ~ A (tbmegszam)

A ,borik” vastagsaga

figgetlen A-tol

— Az atommagok kozponti slirlisége A-tol fliggetlen

R. Hofstadter, fizikai Nobe

I-dij eloadasa (1961)




A CERN LHC fébb kisérletei (RRB/LHCC)




TOTEM fizika az LHC-nél

Non-diffr.
(~60mb)

Elastic
(~25 mb)

Single-diffr.
(~10mb)

Double-diffr.
(~5mb)

Central-diffr. P :
(~1mb) P
Rugalmas és diffraktiv széras: szintelen kvantum cseréje
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TOTEM elozetes adatok, Vs = 13 TeV

* Large amount of data (trigger rate 50x w.r.t. Run I)
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‘elastic scattering /s = 13 TeV
‘all 10 ¢ fills from October 2015
- O(100 %) statistics
reconstruction froLrn 220N and 220F -
tagging cuts at4 ¢

... conservative acceptance correction -
'no other corrections
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Jenkoyseky of all,
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TOTEM preliminary at vs = 13 TeV
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Growth of B:
Universal properties
of Pomeron

Acceleration of B:
Opening of an
additional physics
channel
from
TOTEM preliminary
2.76 and 13 TeV

threshold < 3-4 TeV
followed by
very sharp growth

Change of low-|t|
trend at LHC
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First results @ Low-X 2013: GV works for do/dt dip

p+p — p+p, Glauber model \s=7000.0 GeV
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Y
L=

[X]

da/dt for protons [mb/GeV "]

(data - theory) / error

MINOS: successful

Fit range = 0.36< t < 2.50 GeV?

o Data points

32 | NDF = 100.44/74=1.36 — Fitted theory

CL=2216 %

ERROR MATRIX ACCURATE

a =547 +0.20 {GeVic)™?

& =153.95+ 0.27 mb

= 0,31+ 0.02

b, = 0.57 % 0.12 (GeVic)”
b, = 0.2+ 0.02 (GeVic) ™

Extrapolation
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Glauber-Velasco (GV)
(original)

describes do/dt data
Both at ISR and
TOTEM@LHC
in the dip region

Note: at low-t
GV is ~ exponential

Really?
Lower energies?



http://arxiv.org/abs/1311.2308

TOTEM results @ 8 TeV, arxiv:1503.08111.:
do/dt non-exponential at low-t

Table 4: Fit quality measures for fits in Figure 11.

Np ¥ /ndf p-value significance
117.5/28 =420 6.1-1078 120
29.3/27 = 1.09 0.35 0.94
25.5/26 = 0.98 0.49 0.69

4 data, statistical uncertainties —N, =1
full systematic uncertainty band —_— N, =2
7/, syst. unc. band without normalisation —— Ny =3
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Non-exponential pp in GV model

SLOPE [Gevrc] ®
20

PP 546 GeV

Figure 4 from
Glauber-Velasco
PLB 147 (1984) 380
Slope is not quite
exponential:

A non-Gaussian behaviour
of proton scattering

in coordinate space

02 03 04 05 06 07 08
-T [GevA)®

Logarithmic slopes of the  — p differential cross-section at 546 GeV calculated
according to: the BSWW form factor, which is accurate at small momentum
transfers (solid wave), the Felst form factor, which accounts only for the data at
larger momentum transfers (dashed curve) and the dipole form factor together
with the Chou-yang scattering amplitude (dotted curve).




Imaging with shadow profile

SHADOW PROFILE FUNCTION

Glauber and Velasco,
2hys. Lett. B147 (1984) 380 PP 546 GeV
)
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Glauber and Velasco,
t IFIC preprint, 1996,
Wnpublished

LLBLEERL

T [Ill1||

cross-check:
BSWW and
Felst G¢

T |L|||'.|

T T7T [rlTrl’

L IIIIII|'

0.4 1.2 2.0 2.8
Shadow profile function b (fm)




Saturation from shadow profiles
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proton becomes
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and Larger

BEL - BnEL effect
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ISR and SppS:
R.]J. Glauber and J.Velasco

apparent saturation:
center of proton ~ black
at LHC, up to
r~ 0.7 fm

Phys. Lett. B147 (1987) 380 see also Lipari and Lusignoli,
b,,b, fixed
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http://arxiv.org/abs/1311.2308
http://arxiv.org/abs/arXiv:1305.7216

Shadow imaging in p+p at LHC

The BnEL effect. Can it explain TOTEM data,
1= new trends of B at LHC?




MODEL INDEPENDENT LEVY EXPANSION
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$ pp: TOTEM-7 TeV R =0.6306 +0.0047 fm
= Levy expansion (pos.def) A =214.8 + 3.7 mbGeV?

o =0.9448 + 0.0076
4y=.0.3984 +0.0052
b;=0.08837 + 0.0022
a,=0.1157 + 0.0042
b,=.0.08089 + 0.0016
43=.0.03823 + 0.0019
b;=0.02942 +0.0015
2,=0.006914 +0.00074
b,=.0.008362 + 0.0005
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. Chwastowski, Trento, 2016: Ez mit jelent?
J. Chwastowski, Trento, 2016: Ez mit jelen T. Csorgd, T. Novdk and A. Ster

T. Csdrgé, R. Pasechnik, A. Ster, arXiv:1604.05513 [physics.data-an]
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LEVY SORFEJTES, ISR ES LHC ENERGIAN

$ pp: TOTEM-7 TeV R =0.6306 + 0.0047 fm
= Levy expansion (pos.def) A =214.8 + 3.7 mbGeV?

10°

TOTEM preliminary data R =0.7181 £ 0.0032 fm
elastic p+p at13 TeV A 358 + 4.1 mbGeV>2

Levy expansion (pos.def) o = 0.9027 + 0.0044
41=.0.3219 +0.005
b;=0.07064 + 0.0015
a,=0.05839 + 0.0025
b, = .0.03601 + 0.0025
43=.0.01983 + 0.00069
b; = 0.02266 + 0.00095
4,=0.006724 + 0.0003
b,=.0.002189 + 0.00038
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T. Csorgd, R. Pasechnik, A. Ster,
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KEPALKOTAS ISR ES LHC ENERGIAN

t pp data PP: PROTON+PROTON

= | evy expansion (pos.def)

23.5 GeV

£
30.7 GeV

Shadow profile P(b) for pp collisions

---- 30GeV ]
== 23GeV ]

T. Csorgd, R. Pasechnik, A. Ster,
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LEVY SORFEJTES, ISR ES LHC ENERGIAN

+ pp data
= | evy expansion (pos.def)

Shadow profile for pp collisions for @=0.9, R=0.65 fm

1960 GeV
630 GeV
546 GeV

T. Csorgd, R. Pasechnik, A. Ster,
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C-PARATLAN : (P,P) - (P,ANTIP)

Shadow profile P(b) for pp and pp collisions

13 TeV, pp
7 TeV, pp
1.96 TeV, pp

1.0

A C-PARATLAN ES AZ
ENERGIAFUGGO
HATASOK
KEVEREDHETNEK

T. Csorgd, R. Pasechnik, A. Ster,
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C-PARATLAN : (P,P) - (P,ANTIP)

Elastic slope B(t) for pp and pp collisions

13TeV.pp -
— = 7TeV.pp |
1.96 TeV, pp |

C-PARATLAN HATAS:
ODDERON
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T. Csorgd, R. Pasechnik, A. Ster,
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C-PARATLAN : (P,P) - (P,ANTIP)

¢(t) for pp vs pp collisions

ENERGIAFUGGES HIANYA

13 TeV, pp C-PARATLAN HATAS: |
7 TeV, pp ODDERON I

T. Csorgd, R. Pasechnik, A. Ster,
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LEVY ILLESZTES: DURVA SZERKEZET

+ pp data
— A exp( -(R[t])*)
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A proton meérete
novekvo energiaval ndvekszik:
de az LHC energiakon
az alakjuk is megvaltozik!

T. Csorgd, R. Pasechnik, A. Ster,
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LEVY ILLESZTES: FINOM SZERKEZET

Psub(b) for substructure in pp collisions

_ - —— 235GeV, pp ]
t ppdata 008} 30.7 GeV, pp -
= Aexp(-(RIt] | :
o =0.9 0.06 |

L
0.0 Psub(b) for substructure in pp collisions
EI-E et et LN DL AL L L L L L L |

----- - 53 GeV, pp

_ 235 GeV, pp |
0L — — 30.7 GeV, pp

0.0:

0o |
0.4 |

-=-== 7 TeV, pp
c—=-= 13 TeV, pp

0.0 i
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A protonban két bels6 szerkezet,
novekvo energiaval ndvekszik:
de a kisebb energiakon a kisebb, g
Az LHC energiakon a nagyobb, d=(q,q)

T. Csorgd, R. Pasechnik, A. Ster,
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LEVY ILLESZTES: FINOM SZERKEZET

T. Csorgé, R. Pasechnik, A. Ster, arxiv.org:1807.02897 26 F. Nemes, T. Csorg8, M. Csandd arxiv.org:1306.4217
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Shadow profile P(b) for pp and pp collisions

F’ELIbI:bE- for substructure in pp collisions

. —235GeV,pp] PP
30.7 GeV, pp P

-=== 7 TeV, pp
- — = 13 TeV, pp

| b, fm@

A protonon beIuI lathato egy
nagyobb (dikvark) és egy
T. Csérgé, R. Pasechnik, A. Ster, kisebb (kvark) szerkezet is !!
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OSSZEFOGLALAS

Az LHC energiakon
a proton megvaltozik

Blacker, but not Edgier, and Larger: BnEL

Minel gyorsabban megy, annal nagyobb a proton

ODDERONT KERESTUNK ES ...
ODDERONT TALALTUNK

Tovabba még talaltunk két Uj strukturat

LFeloltozott” kvark és dikvark
P=(q,d)




Koszonom a figyelmet!

0

Model p=(qg.d)
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