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Hard QCD

 pQCD is now very well established

 Both theory and experiment are now very accurate,
and getting more and more accurate

* New LHC data, at higher energies and with excellent
detectors, ATLAS and CMS, show impressive
agreements between the data and theory, from a
few GeV to a few TeV

+) Basis for search of Higgs and Beyond Standard Model
+) Well calibrated and accurate probe of QGP
-) No “new Physics” seen in hard QCD sector so far



Jet results from LHC

jet prat sqri(s)=7TeV pp collision
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The data and theory agree very well for all distributions for wide kinematic range
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W, Z and top at LHC
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Higgs: still hiding but in limited space
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Soft physics data at LHC
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Baseline for QGP physic
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New effects at high multiplicity events

Basic data for UHE Cosmic rays

18

1072

=y
=
L

10*
10°

Y
=
&

"diffraction surpressed”

phase-space
g F T T T T T T T T J
2 5F Ny 26, p, > 500 MeV, |n | <25
= ATLAS\s = 7 TeV E
o 4.50 |
z 4 =
E e L
———————— .
2.5[ == Data 2010 =
E ~— PYTHIA ATLAS AMBT1 3
oF -- PYTHIA ATLAS MCO09 3
E —- PYTHIA DW ]
156 - - PYTHIAB E
=F o PHOJET B
G 1 Il ! Il Il ha|
1.2[- == Data Uncertainties 7
- MC/Data
2
o
o

25 -2-15-1-05 0 05 1 15 2 25
||||||||||||||||||||||||||||||||||-_&
CMSNSD . cuspata = =
?Tev(,”u“} ~PYTHIA D6T J
=PYTHIA 8
=-PHOJET

Hou 3

sl

?|1]|=2.4 -§
=p0 E
]_—I 11 | Ll | 1 III L1l | Ll | L1 I.l | | 111 I | |:I
0 20 40 60 80 100 120 140 160 180

n



“Ridge” in p+p remains a mystery

Ridge region (2<|An|<4) N
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Forward Physics and Cosmic Rays

Large Hadron Collider
-The most powerful accelerator on the earth-
@ Comparison between MC’s
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 LHCf measured photon production at very forward at LHC to study
UHE Cosmic rays with Air shower technique

 LHC s at or beyond “Knee” of cosmic ray spectrum
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QCD phase diagmam

/\ Studied at
RHIC and LHC

Temperature T

— X crL, csc
Nuclear Superfluid  Meson supercurrent Baryon Chemical Potential jis
Gluonic phase, Mixed phase




Soft Physics results at LHC
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QGP at LHC seen by soft probes

 dN/dn vs Npart is very similar to RHIC
— Strong gluon saturation effects?

* dN/dn x2.1 of RHIC, larger than most predictions
— But how much contribution from jets fragmentation?

e ¢1~15GeV/fm2c  ~ 3 times of RHIC
e <pT>~30% higher than RHIC

— stronger radial flow than RHIC
* Hadron abundance well described chemical model
* Baryon enhancement stronger than RHIC is observed
 V2(pT) is very similar to RHIC

Larger, Hotter, and longer lived QGP than RHIC is formed
But QGP at LHC appears to be similar to that at RHIC
No big surprise
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LHC jets results

Very surprising
* R, ~ 0.5 and independent of p; (for p>50 GeV)
« Large jet asymmetry A, IS seen
—> Large fluctuation of energy loss
- Path length dependence of energy loss seems to be very steep
 Little modification of jet fragmentation
 Little modification of di-jet angular correlation

* Lost energy goes to low p particles at large angle (i.e. bulk
matter)

- Itis as if a parton only loses its energy in QGP and the lost
energy is quickly dissipated in the medium. (heat up the
medium)

—> Perturbative energy loss model is severely challenged (if not
completely excluded)

Jet Is a very powerful, direct probe of QGP



Thermal Photon at RHIC
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Initial state fluctuation and v3
Eccentricity coefficients at RHIC

Curves: initial state models
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Initial state fluctuation causes higer order eccentricity ¢,

e Thisis then converted to higher order harmonic flow v,
* g, :collision geometry

€, : Fluctuation



Measurements of higher harmonlcs V,
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V, and v, to constrain 7/s

TN
PH: ENIX arXiv:1105.3928

v, described by Glauber and CGC

.. PHENIX ——
Theory calculation: Glauber
Alver et al. KLN @
£ PRC82,034913
1.75<pr<2.0GeV/c
arXiv:1105.3928v1
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v; described only by Glauber
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Theory calculation:
Alver et al.
PRC82,034913
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PH-“ENIX

1.75<pr<2.0GeV/c
arXiv:1105.3928v1
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Npart Lappi, \/[\eIPﬂigopaIan, PRC74, 054905
Drescher, Nara, PRC76, 041903
o Glauber o MC-KLN
m Glauber initial state E Two models E m CGC initial state
m n/s=1/4n . m 7/s=2/4n
' Favored Disfavored '

g, (Glauber) > ¢, (MC-KLN) while ¢, (Glauber) = ¢; (MC-KLN)

The difference of the two model is exaggerated due to the fact that ¢, by MC-KLN
is large. For more realistic CGC, the difference could be smaller.




Beam Energy Scan and
search for Critical Point
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Beam Energy Scan

- PHENIX, Au+Au
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Preliminary, STAR, PHENIX and E895 data

e 'smlu.}:eleﬁcll |
- B STAR 1.7GeVie ALICE
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RAA <1 above 39 GeV

Earlier data show RAA>1 at ~20 GeV

V2(pT) saturate above 39 GeV

* Onset of QGP formation between 20 and 39 GeV???




Beam Energy Scan
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STAR data doesn’t show critical behavior
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K/7 ratio shows a peak, but less sharp

No clear indication of
Critical Point




Hard QCD

ngh Temperature
Higgs and QCD (QGP)

BSM ¢ SOft PhyS|cs

ngh Density Gluon

l / (7wa rd Physics)

Cosmology <==)UHE Cosmic Ray

High Density EM Field
(Laser)



Leap of laser intensity
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Probing Dark Energy particle in vaccuum

Scalar field production by photon-photon
scattering with resonance enhancement

Building blocks Adding Inducing beam 7+ V>

1
_LIHY:' = _BJI) ]FWF!”J D, .B = (2a :)}T]E § Py ] —
' P v (2a/3m)2( Creating ps at 1, from sea of

10 9%V Vs ':‘:f;”"::,:;':, _
P2 pi g~ 1 lfj (_\_ ~ 1077 | aSEEERe U photons enhanced by /¥
""" 0 I : : Annihilated at V;
P D3 ) . . | |
P \/ P4 2 <P, N R— ! D, N>
F I ¥ d
: g 1 Vs
i <py, N | [ Py, N>
Pl s 8 ' ‘Created at Va
Resonance-dominated Quasi-parallel frame Rate of producing p3; enhanced by N

only in the s channel

N ~ (- -)1"3 ~ 10°! = 1kJ. detectable, fortunately

* Potential to probe new physics at very high sensitivity
* Enhancement by a factor of N.°



New Accelerator technique

@3 Laser wake field acceleration (LWFA)

T. Tajima & J. M. Dawson, Phys. Rev. Lett. 43, 267 (1979

+ Laser
— Focused to small size (high intensity) i.e. 108 W/em2=10'2V/m
« Plasma

— Convert transverse electric field to longitudinal

[ ]
@@ GeV-class demonstrations
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* Acceleration to ~1 GeV with LWFA demonstrated
* Many technical challenges for linear collider application
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