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Pomeron fizika: CERN LHC TOTEM
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Rugalmas és diffractiv szoras: Pomeron (szintelen) csere
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Bevezetés a Pomeron fizikaba

Crossing szimmetria:
s-csatornaban részecske-keltés: (a)
t-csatornaban koélcsénhatas részecske cseréevel: (b)

A(s,t) =167 (20 + 1)ay(s) Pi(cos ),
[=0



http://arxiv.org/abs/hep-ph/0111396v2
http://arxiv.org/abs/hep-ph/9808486v1
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Reggeons
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Summation is over Regge trajectories,
Reggeons = quasi-particle =
family of resonances with same quantum numbers

T. Regge, Nuovo Cim. 14 (1959) 951
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Pomeronok és hataskeresztmetszetek

F

Pomeron (Pomeranchuk-on
Nincs ismert rezonancia a Po
(vakuum kvantum-szamolk
Ismert részecskekre:

V. N. Gribov and I. Ya. Pomeranchuk, Phys. Rev. Lett. 8, 343
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Pomeronok és hataskeresztmetszetek
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Froissart-M. felso korlat: o.(s) < CIn2s, Pomeronok alt. sertik
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Gauss b-ben: Pomeron t-ben!

Gauss kozelités:
Rugalmas szoérasi amplitudd az Gtkdzési parameéter (b) térben

pp elastic scattering
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S-matrix unitaritas, optikai tetel

Megjegyzés: Rugalmas szorasokra

|Fourier-transzf|? ~ do/dt
Femtoszkopia lehetOsége
Inverz képalkotasi probléma
nem-Gauss forrasok stb
vizsgalatanak lehet6sége

Fekete (szlirke) korong hatareset (fontos, idealizalt eset)
— o(b) ~ O(R-b)
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Diffraktiv proton-proton szoras

diquark
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Bialas-Bzdak kvark-dikvark modell

A. Bialas and A. Bzdak,
Acta Phys. Polon. B 38 (2007) 159

p=(q,d) vagy p =(q, (q, q))

1 (b) Jo (Ab) bdb,

o(b) = b fliggo kdlcsonhatasi vszség elo.
— keépalkotasi lehetoség a szorasrol

/ [ {]_ "Jq{]— g rl“ dd *:dDI; 3 fg1D( ) *:_;,;JIJ ol(s tj 54: *:_,;}!. Tj! Ei']

A protonok szerkezete = ?
— Diffraktiv pp szoras, ISR (23.5-62.5 GeV) és LHC (7-13 TeV).
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Diffrakcio a la Bialas és Bzdak

(a2 a2V /B2, c0, - _ ,
a T8 Raa§2 (g7 + As2). A = my/my.
] ] q,

Bialas és Bzdak kvark-dikvark modellje analitikusan integralhato
a Gauss kozelitésben,
feltéve hogy a szorasi amplitudo valos része elhanyagolhato.

Ket kep: p = (q, d) vagy p = (q, (9,9))

Megj: p= (q,9,9) modell mar az ISR-nal rossz, p # (q,q,9)
W. Czyz and L. C. Maximon, Annals. Phys. 52 (1969) 59
»Rugos” p=(q,d) Pomeron modell, Grichine, arxiv:1404.5768
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http://arxiv.org/abs/1404.5768v1

A BB modell valos kiterjeszése

e
ble iABA2E — 9 / et (b) Jo (Ab) bdb,
0

/ [(1"‘:{3{1 5 -rl ‘mgd "sz‘D"r. 5 fg\PDI:_*I *:_,_:gfjﬂ'[ Sq, Sd: *:_f_}! _”I Ei]

A képzetes t,, valos kiterjesztése,
az opacitas fliggeny képzetes része, Im Q bevezetésével
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ReBB: a BB modell valos kiterjesztése
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Bialas-Bzdak
modell
,realizalva”:
p =(q,d)
p= (q, (9,9))

Gauss
b-ben,
Pomeron
t-ben?
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ReBB modell: két ut

Hasonlo idea:
p
allando
- nincs
0sszhangban
az adatokkal

Kis
0
ertékekre
visszakapjuk
az
oBB modellt
Az adatok a masodik lehetdségre utalnak (ISR-on jO,
T. Cs., F. Nemes, arxiv:1306.4217 LHC-nél nem)

Im(2(s.b) = —a - Tiner(s. b).
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ReBB modell, két TOTEM adatsoron
p+p — p+p, diquark as a single entity at ~/s=7000.0 GeV

MINCS: successful o Data points
Fit range: 0.00< + < 2.50 GeV* _1 [ ( } — l . ‘ —_— [_ ( [ }] ‘
1% I NDF = 336.44/15%=2.12 = fh ¥ -}, ¢ }Ll) £ 2 X S, '},
CL=0.000 % — BB model fit
ERROR MATRIX ACCURATE
T, =307+ 0.7 mb
p=0.104 + 0.

—
=

doldt for protons [mb/GeV *]

-
=

L=0.50
R,=0.46= 0.0 fm
Ry=095= 0.04 fm
R, =020+ 0.01 fm
By, =100
n=013+0.01
¥=0.95+ 0.01

1 1 1 1 I 1 1 1 1

-
c|

(doidt - fitNerror

(doldt - fit)/fit

SEbbs gome
e LR S P G

Illesztés: 0 < -
nem teljesen O
FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.




Gerjesztési fliggvény: pp skalazas
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Gauss b-ben
Pomeron t-ben!

Geometriai skalazas: {R,, Ry, Ryq, O} = pg + Py In (s/s¢)
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Gerjesztési fiiggvény: do/dt

pp elastic scattering
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t[GeV] arXiv:1411.3518
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ReBB arnyeékolasi profil
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Figure 4: The A(b) = 1 — |e=**?)|2 shadow profile function. 23.5 GeV (left) and
7 TeV (right).

A telitodeés jelei 7 TeV-nél: A(b) ~ 1 a kis b tartomanyban.
~ max kolcsdnhatasi valdszinlség, ha b kicsi.
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Képalkotas a szub-femtomeéter skalan
23 GeVes ISR es 7 TeVes LHC adatokon

3210123 3210123

Vs =23 GeV Vs=7TeV
8 eés 13 TeV-es és kesobbi LHC energiakon?
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Geometriai skalazas a pp szorasban
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Geometria skalazas: {R,, Ry, Ryg, 0} = pg + Py In (S/Sp)
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Mit tudtunk meg eddig?

2 . . 1/2 - 2 . . 112
The o .'27:Reﬁ ratio as a function of s -8 The Umtlemr’ZnReﬁ ratio as a function of s
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Modell fuggetlen effektiv formula: e iR
jo kozelités, BB, aBB és ReBB modellekre e e
F. Nemes and T. Cs, arXiv:1204.5617
- Froissart-Martin korlat rendben (Uj)!
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http://arxiv.org/abs/arXiv:1204.5617

Mit tudtunk meg eddig (2)?

BB: Bialas-Bzdak

Gauss b-ben:
Pomeron t-ben

ReBB modell:
Pomeron Femtoszkopia

p=1(q,d)

ReBB modell:
Froissart-Martin felso korlat
Automatikusan teljesul!

IllliIlllillllillllil.ll.“ BB%AAmOdeII

0.5 1 1.5 2
-t [GeV?])
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Saturation from shadow profiles

at 7 TeV
proton becomes

T TTTTm T TTTTIS

Blacker, but
NOT Edgier,
and Larger

BEL = BnelL effect

apparent saturation:
proton is ~ black at LHC
up to
ISR and SppS: r~0.7 fm
R.J. Glauber and J.Velasco

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

Shadow imaging in p+p at LHC
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CJY BT | :35 I

EImIm 3{].-'
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62.5 ]
546.0 (pP) |:
T0TeV |

[T TTTITR

The BnelL effect. Non-Gaussian behaviour.
Glauber-Velasco yields results similar to Bialas-Bzdak.
- Model independent analysis?
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Koszonom a figyelmet!

Kérdések?

FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.



Backup slides - TOTEM
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TOTEM - Experimental Setup at IP5

RP 147 RP 220

Near Far Near
Top > D Top

N Rl

Horlzontal i
., Horizontal
L L

[,

Bottom Bottom

I i i N
v ] |
149.1m 150.3m 2148 m

HF (CMS)

T1 (TOTEM)
T2 (TOTEM) CASTOR (CMS)

T1, T2: CSC and GEM Inelastic telescopes; RP: Roman Pots
[Details: JINST 3 (2008) SO8007]. In this talk: TOTEM Roman Pots 220 m

FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.



TOTEM data taking

Fl”-"tzl'||||'r|||-|| : L

RP approach s t range Elastic
(m) ' (GeV?) events
. B"=1km, 30,8 TeV 90 4.8-6.50 7-10~° - 0.5 1M
101 \ 90 100 g 0.02 - 0.4 14k
"B =90m, 100, 7 TeV 3.5 7 07 0.36 - 3 66k

100 B 3.5 180 5 2-35 10k
= 90 ; 0.01 - 1 gM
&\ 90 m, 50, 7 TeV 1000 . 2 610 7-02 | 0.4M

11 5-1: 0.05-0.6 45k

102

Show results
from data

B = 11m, 5-13, 276 TeV ———— sets indicated
T I 1 L 1| I --H::\L"-‘ = ~ =T b‘)" darrows

1
July 2012 data,_special LHC run, p* = 90 m, Vs = 8 TeV

2 = 3 colliding bunch pair, 8 x 101 p/bunch
Instantaneous L ~ 1028 cm2s-1
11 h data taking, RP-s at 9.5 o
Integrated L ~ 735 ub-1
7.2 106% elastic events
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Differential cross-section @ 8 TeV
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do |

— - - f(r)dr,
df lbini  Afi Juin

N, = 1 fits excluded. Relative to best exponential, a significant 7.2c deviation found.
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Backup slides — ReBB
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ReBB model, fit range studies

p+p — p+p. diquark as a single entity at \/s=7000.0 GeV p+p — p+p, diquark as a single entity at +/s=7000.0 GeV
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fit: 0.36< -t < 2.5 GeV?, OK fit: 0 < -t < 2.5 GeV?, ~ OK




Focusing reBB on the low-t region

p+p — p+p, diquark as a single entity at +/s=7000.0 GeV

==
=
(1]

MIGRAD: converged o Data points

Fit range: 0.00 < 4= 0.36 GeV?| —— uBB model fit
y% 1 NDF = 105 26/81= 1.30
CL=363T%

ERROR MATRIX ACCURATE | ===-= =0
Ty = 3961 21.2 mb

p=0.014 £ 0.433

GeV?)

Extrapolation

dea/dt for protons [mb/

=y
=
]

L =050
Rq=0.45+0.04 fm
R4= 095+ 0.02 fm
R gg= 0.27+ 0.10 fm
A =100

@ =002+057

(data - theory) / error

1 15
t[GeV]

Figure 5: 0 - 0.36 GeV?. p has large error, since the dip is not part of the fit.

Saturation is apparent if fit range is limited to |t| < 0.36 GeV?2
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Focusing reBB on even lower -t region

p+p — p+p, diquark as a single entity at ~/s=7000.0 GeV
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MINOS: successful o Data points

; . ot 2 ]
Fit range: 0.00 = 4= 018 GV | —— BB model fit
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Connection to TOTEM

0.5 1 15 2 , 0.5 52 2 5B 4 45 5
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(data - theory) / error

Figure 6: 0 - 0.18 GeV?2. p has large error, since the dip is not part of the fit.

Saturation still apparent, fit range |t|] < 0.18 GeV?
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TOTEM 8 TeV pp data

is 1: fits Aexp(byt + b2t2 +...), Ny parameters in exponent

0.05 T T T T

!
| diagonals combined

4ata (binning by NUCI.Phys. B899 (2015) 527-546

| statistical uncertainties

19.38 |t

519.5e

systematic uncertainty band: analysis+normalisation
systematic uncertainty band: analysis only

do/dt — ref

ref

Ny
fit parametrisation: a exp( Y, b, t")
n=1
fits with statistical and systematic uncertainties:

Ny = 1: x*/ndf = 117.5/28 = 4.198 = p-value = 6.14 x 1013, significance = 7.20 ¢
Ny =2: x?/ndf = 29.3/27 = 1.085 = p-value = 3.47 x 107, significance = 0.94 ¢
N, =3: x?/ndf = 25.5/26 = 0.980 = p-value = 4.92 x 107, significance = 0.69 ¢
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Ae®*, %2/ NDF = 6.9 / 8 = 0.86, 6., = 100.9, 0.021<-t<0.08 GeV? t = I h
Ae®*, %2/ NDF = 119.7 /17 = 7.0:,”(‘.L=1.89-17 (8.4 sigmas) eX p O n e n I a S a p e

Ae®*CX y2 | NDF = 13.5/ 16 = 0.85, 6;; = 101.1, 0.021<-<0.2 GeV?

AeB*CX0X 52 | NDF = 11.1 /15 = 0.74, 0,5, = 101.4, 0.021<-t<0.2 GeV? eXC I u d e d a t 7 + o)

new determination
Otot = (101.4+ 2.0) mb

Theoretical support, from ISR
to LHC energies, unitarity
L. Jenkovszky and A. Lengyel,
arXiv:1410.4106

FemtoDay 2017, Gybngyds, 2017/11/02
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Non-exponential behaviour in ReBB

[
[=]

BN

do/dt - exp

Ln

woonedial fu

\
\

\

\
\

014 016 018 02
It GeV*

004 008 008

012

0.02
Fig. 5. The ReBB model, fitted in the 0.0 < |t| < 0.36 GeV? range, with respect to the exponential
fit of Eq. (33). In the plot only the 0.0 < |t| < 0.2 GeV? range is shown. The curve indicates a

significant deviation from the simple exponential at low [t| values.

Similar
non-exponential feature
seen at 7 TeV as in 8 TeV

TOTEM data

Csorgo, T.
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Predictions for the shadow profile

Blacker and Larger, Similar to:
but not Edgier: K.A. Kohara, T. Kodama,

BnEL effect E. Ferreira,
at LHC energies arxXiv:1411.3518
but they also claim
an asymptotic BEL effect

FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.



Predictions for the shadow profile

D e OO ik 9 Y

2F |
1f
0
1f |
26
3

I
.9‘. .

Y TI0 T 33 “IYT01
Vs =14 TeV s =28 TeV

Blacker and Larger,
but not Edgier:

BnEL effect Results presented so far:
at LHC energies arxiv:1505.01415

FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.



New results: pp data with ReBB model
All the usual BB fit parameters are free (/s = 546 GeV, 1.8 TeV)

P+P — P, diguark as a single entity at +/s=546.0 GeV P — p+P, diquark as a single entity at +/s=1800.0 GeV

-
[—]
(4
-
=

o Data points o Data points

MIGRAD: converged
Fit range: 0.02 = -t = 0.30 GeV? — reBB model fit
¥21 NDF = 35.05021= 167
CL=2.787 %

ERROR MATRIX UNCERTAINTY 6|¢percehi U
Ty = 7862 162 mb

p=0.000+ 0.2

MIGRAD: converged
Fit range: 0.02 = = 0.08 GeV® —reBB model fit
¥ I NDF = 13.11/9=1.46
CL=15790 %

ERR MATRIX NOT POS-DEF
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p=04180.102
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There are not enough points to pin down the shape.

FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.



Tevatron pp data with ReBB model

All the usual BB fit parameters are free (1.96 TeV)

p+p — p+P. diguark as a single entity at +/s=1960.0 GeV

(x

=
=]

MINDS: successful

Fit range: 0.20 < t< 1.50 GeV"
¥ | NDF = 13.93/12= 1.16

CL = 30.545 %

ERROR MATRIX ACCURATE
Oy = T7.3% 121 mb
p=0.139+ 0.005

dafdt for protons [mb/GeV?]

L,
L= 0.50 l'._l ! I
Rq=0.39:0.03fm
R, = 0.87+ 0.04 fm
R gq = 0.30 u.'g:| fm

Ag=100 §

o Data points .

P-p elastic do/dt at Vs=1960 GeV vs. [f|

— reBB model _~
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Similar to:,
V. Grichine,
arxiv.org:1404.5768

p=(q,d)ina

= o=0.16:0.01)
= !
10°e, L
§ 10 :—
S 5F
:: 0 E_ .‘_'.u- . * . .
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5 sf
10 0.5 1 1.5

4 [GeV?]

»Springy” Pomeron picture

also increases real part of t
)



http://arxiv.org/abs/1404.5768

Tevatron pp data trends ReBB model

The good fit at /s = 1.96 TeV compared with the extrapolations
based only on pp fits of our ReBB paper

¥2 I ndf
p0O
p1

0.001]

7513

03001
B+ 0.0011
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32 [ ndf 24713
p0 0.59+0.011
p1 0.019 + 0.0011

¥ I'ndf 1273
p -0.036+0.011
1 0.009 + 0.0011

1

\_/

N |

ReBB model works
also for elastic pp data

but pp is more ,,opaque” than pp.
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Backup slides — Discussion
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Black disc Iimit?

Geometric scaling,

" T 1o ” . o
AT The d'pz '__pparamet_?ras__ﬂ function of s~ but not the black disc limit:

T. Cs. and F. Nemes
arXiv:1306.4217
Int. J. Mod. Phys. A (2014)

C(data) ~ 50 mb GeV?
+
C(black) ~ 36 mb GeV?

. -|'III|IIII|IIII|IIII|IIII|IIII|IIII|II|IIII|IIII|IIII|

0 10 20 30 40 50 G0 Tl ”E'EIEID 7000 7010
52 [GeV]

Chtack = |tdip,black| - Otot black = 2mj3 1 (he)? = 35.9mb GeV?
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Motivation: Is the proton a black disc?

Recent papers by M. Block and F. Halsen address this topic :
Experimental confirmation: the proton is asymptotically a black disc,
arXiv:1109.2041, Phys. Rev. Lett. 107 (2011) 212002

FemtoDay 2017, Gyéngyods, 2017/11/02 Csorgo, T.




Properties of a black disc

Properties of a black disk: In impact parameter space b, the elastic and total cross sections are given by

2 ; \ oy
T = 1 db |a(b, g) Tiat = 4 | d°b Ima(b. s). (T)
el tot | ) \
i b L T i TN ' | 1 " 1 -
¥
150 —— — — —
g ' ' ' ' F 0.2 ————r ————r ——
140 F - PP, O tot / [ I
130 b . pbarp, s, / E [ ,,_———‘f' —_
o e e—— 2 1 0.1 F = .
120 F pp, log*(v/m) . ] L
s — — —  pbarp, log’(v/m) / 3 [ 4’
110 F * 6o AUgEr, 25% He, 57 TeV = L {
o ] 0.0 1
. E ' CMS, 7 TeV r
o 100 E ® GII‘IE" ! e | /
E 90 E " o, Atlas, 7 TeV L/ g - op  data 1
't_a‘ 80 F — G PP log®(v/m) i e -04 L/ ° pbar p data ]
* pbarp, o, . o000 mmreme——— Pop log®(vim) 1
70 c /‘/ [ —— P pbarp 109 %(vIm) 1
Fy

Conclusions: We find that the In? s Froissart bound 101 the 1)10‘[011 for oyot [7] and oine [9] is saturated and that
at infinite s, (1) the experimental ratio gine/dios = 0.509 + 0.011, compatible with the black disk ratio of 0.5 and
(2) the forward scattering amplitude is purely imaginary. We thus conclude that the proton becomes an expanding
black disk at sufficiently ultra-high energies that are probably never accessible to experiment. The theory for these
bounds is predicated on the pillar stones of analyticity and unitarity, which have now been experimentally verified up
to 57000 GeV. Further, since oy, has been extrapolated up from the Tevatron, we expect no new large cross section
physics between 2000 and 57000 GeV.

Finally, the lowest-lying glueball mass is measured to be Mgjyeban = 2.97 = 0.03 GeV. Reproducing these experi-
mental results will be a task of lattice QCD.

arXiv:1109.2041, Phys. Rev. Lett. 107 (2011) 212002
arXiv:1208.4086, Phys.Rev. D86 (2012) 051504
arXiv:1409.3196
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http://arxiv.org/abs/arXiv:1409.3196

Black Disc (BD) limit?

Scaling but
not in the black disc limit:
T. Cs. and F. Nemes
arXiv:1306.4217
Int. J. Mod. Phys. A (2014)

o 23.5 GeV

2 307 Gev C(data) ~ 50 mb GeV?

52.8 GeV
o 62.5GeV +*

RN C(black) ~ 36 mb GeV?

( E a black

= 'T_E"] ..:'r] |: ,:I_ﬁl | a2
if t =

q R
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Geometric scaling, but not BD limit?

o 23.5 GeV
30.7 GeV
52.8 GeV

¢ 62.5 GeV
7000 GeV

- Black disk

-l-._‘:_"-.lllllﬂ] IIIIHH] TTTTm

Scaling but
not a black disc limit:
T. Cs. and F. Nemes
arXiv:1306.4217
IJMPA (2014)

G(Z)=th/Gtot/dt IIIﬂlslIII-|IIIII115IIII£IIII215IIII:|3IIII3.|5IIII£!I-III

Zz

plotted vs

Z = t/tdip
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