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About 100 years after the discovery of the atom and the proton

We know atomic structure so well, 

that we define “time” using electronic 

transitions: 

Current accuracy

~1 sec in 220 Million years

However, the internal structure of the proton is 

known to only about 20-30% 

~20 minutes in an hour…!

WHY?

Because of the gluons
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The CERN Large Hadron Collider 





The ALICE experiment at the CERN LHC



The ITS Inner Tracking System













Heavy Ion Physics
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The Electron Ion Collider (EIC): next QCD generational facility



!6

Scattering of protons on protons 
is like colliding Swiss watches to find out 
how they are build. 

              
                      R. Feynman

1. Probing Matter

We can ask : What is in 

there, but not how they 

are built or how they 

work!
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Study of 
internal 

structure of a 
watermelon:

A-A (RHIC/LHC)

1) Violent 

collision of 

melons

Violent DIS e-A (EIC) and UPC

2) Cutting the watermelon with a knife
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Deep Inelastic Scattering



Deep Inelastic Scattering

Measure of 
resolution 
power

Measure of 
inelasticity

Measure of 
momentum 
fraction of 
struck quark

with respect to 

s = 4 Eh Ee



Deep Inelastic Scattering

Exclusive DIS

detect & identify everything e+p/A → e’+h(,K,p,jet)+…

Semi-inclusive events:

e+p/A → e’+h(,K,p,jet)+X

detect the scattered lepton in coincidence with identified hadrons/jets

Inclusive events:

e+p/A → e’+X

detect only the scattered lepton in the detector





All CERN LHC experiments are more than pp or AA colliders 



The LHC as Photon Collider





Gluons matter    

Quarks and gluons dynamics described by QCD

Gluons carry color, thus self-gluon interactions  

Many gluon emissions at low-x



Gluon saturation matters 
At high energies, or for heavy nuclei at lower energies, gluon saturation is predicted 

gluon 

emission

gluon recombination

=

Dynamical equilibrium of 

gluon saturation state reached

• Non-linear QCD evolution equations 

introduced, but how is gluon saturation 

triggered? 

• Experimental observables needed to map 

out the transition between the dilute and 

saturation regimes. The onset of saturation

• Can we determine experimentally the 

saturation scale (QS)? 

• Is there a state of matter formed by gluon 

saturated matter with universal properties? 
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Evolution of the hadronic structure with Bjorken-x and Q2

• Experimental observables 

needed to map out the 

transition between the dilute 

and saturation regimes

• For nuclei, the saturation 

scale is enhanced by a A1/3

factor



The structure and dynamics of hadrons



Multi-dimensional picture 
2021



The LHC is the Large Photon Collider  

• Ultra Peripheral Collisions (UPC) can explore 

a wide range of energies using almost real photons

k = MV exp(±,y)

Up to several TeV in p

Up to ~ 700 GeV/nucleon in A

Up to ~ 150 GeV in  using UPC PbPb,

~ 4 TeV in in  using UPC pp

• UPCs at the LHC probe the hadronic structure over a 

broad and unique Bjoren x region, yet the precision 

not compatible to DIS machines like the EIC 

x = MV/mp exp(±,y) 

Interactions mediated by 

the EM interactions 

Equivalent photon flux 



Vector meson (VM) photoproduction in UPCs

• By studying various VMs, it is 

possible to study the Q2

dependence

• In the dipole approach, the light 

VMs (, ) are more sensitive 

to saturation because of the larger 

dipole, but pQCD methods not 

applicable   
• As in DIS, several reactions are 

possible in UPCs: 

-Exclusive photoproduction  

-Semi-exclusive photoproduction 

-Inclusive photoproduction 



Various processes 
Fig. from A. Ogrodnik

• By studying various processes, 

it is possible to explore both the 

Bjorken x and Q2 dependence

• Transition between the dilute 

and dense QCD region, and 

from the perturbative and 

non-perturbative QCD regime    



Transverse profile of the target

UPCs can probe the transverse profile 

of the target!

Appearance and location of diffractive 

dips can be signatures of gluon 

saturation



Gluonic hot spots

Large Bjorken-x Low Bjorken-x

• https://cerncourier.com/a/the-other-99/
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t-dependence of incoherent J/ in UPC Pb-Pb



Evidence of incoherent J/ suppression in Pb

Shadowing model is disfavored across all measurements

The field is now ready for a global analysis of UPC data on coherent and 

incoherent photoproduction

CERN-EP-2025-057





Also driving innovation in many fronts 

Monolithic Active Pixel Sensors for Collider Physics

ALICE Inner Tracker System Prototype of next generation MAPS Readout of the ALPIDE3 sensors

Traditional particle sensors are manufactured connecting 

the sensors to the readout chip (ROC) using wire-bonding 

or bump-bonding

To fulfill the requirements of next generation collider physics detectors, Monolithic Active Pixel Sensors are under development

Our group is involved in the characterization of the ALPIDE sensors, developed for the ALICE Inner Tracking System (ITS) and its upgrade program (ITS3)



New opportunities









The University of Kansas in Lawrence, KS 

U. Kansas Physics PhD 

https://physics.ku.edu/admissions/graduate-admissions

E-mail: jdtt@ku.edu

https://physics.ku.edu/admissions/graduate-admissions
https://physics.ku.edu/admissions/graduate-admissions
https://physics.ku.edu/admissions/graduate-admissions
mailto:jdtt@ku.edu


Thank you!
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