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Outline

Coherence in high energy scattering and color fluctuations in hadrons

Exploring global 3D structure on nucleon in pA

Evidence for x -dependent color fluctuations

Exploring photon 3 D at LHC(Ultra Peripheral collisons), ...




Fluctuations of overall strength of high energy h(Y)N interaction

High energy projectile stays in a frozen configuration distances lcon =cAt

2pp,
At ~1/AE ~ — 5 AtLHC for m7 , —m; ~ 1GeV? lon ~ 107 fm>> 2Ra>> 2rn
int h
ms. ., — my

coherence up to m? . ~ 10°GeV?

Hence system of quarks and gluons passes through the nucleus interacting essentially with the
same strength but changes from one event to another different strength

Strength of interaction of white small system is proportional to the area occupies by color.

QCD factorization theorem for the interaction of small size color singlet wave package of quarks and gluons.

For quark - antiquark dipole:

7 ' 2
q J : U(da 37) — ?&s(szf)dQ ZUGN(Q% gff) T —QTSN(CE’»ngf)

ngf — )\/dQ, A=4-=10 Baym, Blattel, Frankfurt, MS, 93;
Frankfurt,Miller, MS 93

N N  compare: 0(d,x) = cd? in QED or two gluon exchange model of Low - Nussinov (1975)

Pl



There exist a number of dynamical mechanisms of the fluctuations of the strength of interaction
of a fast nucleon/pion/photon: fluctuations of the size, number of valence constituents, orientations

may dominate
at large x

. “p,w,@” + aligned jet (small k¢) qq + small size (large k: )qq

Localization of color certainly plays a role - so we refer to the fluctuations generically as color fluctuations.

Studying effects of CFs in pA (and soon in YA at the LHC ) aims at

(i) Mapping 3-dimensional global quark-gluon structure of the nucleon and photon
(i) Better understanding of the QCD dynamics of pA and AA collisions

4




Constructive way to account for coherence of the high-energy dynamics is
Fluctuations of interaction cross section formalism which we developed in 90’s

spectator nucleons

Classical low energy picture of
inelastic h A collisions
implemented in Glauber model
based Monte Carlos

V wounded nucleons

igh energy picture of inelasti

h A collisions consistent with : : : :
the Gribov - Glauber model but / Frozen configuration - same strength of interaction with

more microscopic different nucleons along the path essentially semiclassical picture!!!




Convenient quantity - P(O') -probability that hadron/photon interacts with cross section O
with the target.

Formally introduced via Good Walker eigenstates for total cross sections.

Note that Good Walker assumption that there exist scattering eigenstates for the
scattering amplitudes at t away from t=0 is wrong in QCD.



JP(0)d o= I, J 0 P(0)d 0=0tcr,

do(pp—X-+p) 2

- [(0 — 0tot)?P(o)do |
do(pp—p—+p) — 9 — Wgo varidnce

dt t =0 Otot Pumplin &Miettinen
] (O' - O'tot)3 P(O')d o= 0, Baym et al from pD diffraction

2 Baym etal 1993 - analog of QCD counting rules
probability for all constituents to be in a small transverse area

P(U)\a—m X 01T

+ additional consideration that for a many body system fluctuations near average value should be Gaussian

P, (0 — 0)expressed through f, agrees with phenomenological determination

Otot (Utot/Uo — 1)?

PN(O-tOt) — T 633]?{ 02 }

Test: calculation of coherent diffraction off nuclei: Tt A= XA, p A= XA through Py(O)

7



Ogige(mb)

10 |

Gigs  (MD)

10

Test:

Coherent Nuclear Diffraction

He'(p,X)He

A Em(p,X)Em

* Anmp)A

Calculate inelastic diffraction off nuclei - no free parameters

T 7T 1 [ T
100 solid - Oyic total
—~ 50+ o A(m 37)
_Q —~
E -
65 10k
% >|8|‘ ‘__\E
exclusive ch@nnels
; i Q
. 11 I |

10

IIIIII

m

(a)

llllll

—1

] llllul

1

K1

L1 l‘lIll‘

The inelastic small ¢ coherent diffraction off nuclei provides one of the most
stringent tests of the presence of the fluctuations of the strength of the
interaction in NN interactions. The answer is expressed through P(o) -
probability distribution for interaction with the strength o. (Miller &FS 93)

ohity = J d% (fdo-Ph<o->|<h|F2<o-, ) [h)| — (f do P(a)|(h] F (o, b>|h>|)2) .

Here F(o,b) =1 — e 2T®)/2 T(b) = [ pa(b,

nuclear density.

8

z)dz, and p (b,

z) is the



=

= PN(O) Vs = 1.8 TeV

Sey/s = 200 GeV
0.012f ¢ N
001 () =O.55)

0.008
0.006
0.004( §

0.002}

Extrapolation of Guzey & MS before the LHC data

consistent with LHC data which are still not too accurate



simplified expression(optical limit)
for cross section of inelastic

interaction with exactly V nucleons

MC calculation of Alvioli and MS Phys.Lett. 13" Accurate account of profile functions of

NN interactions and short-range nucleon correlations in nuclei

0.2 = — , LHC energy

0.18 02T —
oot oy % (e Glauber —
5 014 107 O 1.8 Gribov-Glauber two states -
> Y 107 | .
o _ - _—
S o ool ~ Lol Gribov-Glauber P(0)
= 0.1 10 0O 10 20 30 40 50] Z
& Glauber, 6,,,=93.0mb — | A=~ |
2 0.08 s : N\ 141
s Glauber + CF, ®,=0.2 --- et
000y Glauber + CF, 04=0.1 ----- S
2 0.04 - b -

0.02 A V 1 m .............

0 10 15 0 2530 09F T
V R 15 20

Probability of interaction with v nucleons

integrated over impact parameter b.

(Wounded Nucleons)

30

Fluctuations lead to broadening of the distribution over - v- number of active
nucleons as compared to Glauber model - reported by ATLAS and ALICE.

Large vV select configurations with larger O.




New/old question: is there a correlation between configuration of hard partons in the hadron
and strength of interaction of the hadron?

Operational success of quark counting rules = minimal Fock space configurations
dominate at large x. Quarks in these configurations have to be close enough - otherwise
generation of Weizsacker -Williams gluons

Use the hard trigger (dijet) to determine x of the parton in the proton (x;)
IDEA and low p¢ hadron activity to measure overall strength of interaction T« of
configuration in the proton with given x  FS83

Expectation: large x (x= 0.5) correspond to much smaller

O — drop of # of wounded nucleons & overall hadron
multiplicity for central collisions




Data - ATLAS & CMS on correlation of jet production and activity in forward rapidities

Key relevant observations:

o1 o[ 0-10%/60-90% - ]}0-10%/60-90%
¢/ pQCD works fine for inclusive production of jets .
[
¢/ The jet rates for different centrality classes do not : * : + 1 '

match geometric expectations. Discrepancy scales o6 [ v @ s ¥ % ;

with x of the parton of the proton and maximal for o4~ W5 7 ¥ ¥ =l ﬂ& '

P P - A * o “ﬁa 1[ anti-k,, R=0.4 %W .

Iarge Xp 0o & JE ATLAS Preliminary &

! 1} p+Pb, 5.02 TeV, L, = 31 nb”
p_ [GeV] X, = P X cosh(y”) [GeV]

To calculate the expected CF effects accurately it is necessary to take into

account grossly different geometry of minimum bias and hard NN collisions

12



M.Alvioli, L.Frankfurt,V.Guzey and M.Strikman,
DISTRIBUTION OVER THE NUMBER OF COLLISIONS “Revealing nucleon and nucleus f||cker|ng

Phys.Rev. C90 (2014) 3,034914 arXiv 1402.2868

Consider multiplicity of hard events Mult,a(HT) = o,o(HT + X)/0opa(in)
as a function of vV -- number of collisions

If the radius of strong interaction is small and hard interactions have the same distribution over
impact parameters as soft interactions multiplicity of hard events:

B MultpA(HT) -
N MUZtNN(HT)V N

Accuracy? Significant corrections due to smaller transverse scale of hard
collisions than soft collisions

13

RHT(V)



increase due to more
central interactions of — . . . . . .

configurations with L4 1 drop due increased role of
O0< Otor ERPIN __ | configurations with 0> Otot
SL | ;:'f_-l;,"—"#‘:t‘l:::":'i'q;‘j_'_‘--‘rl_ I_;r—’"i — | the cylinder in which interaction
% o IR, occur is larger but local density
0.8 | R -
(—.lf f._.[jf_—j-~-1____ | does not go up as fast in Glauber
* 06l B T
2 { Glauber — |
= Jar Glauber, o, /2 --- i i
. Glauber+CF w=0.2 ----- : _
' Glauber+CF w=0.1 --- o
’0 5 10 15 20 25 30 35
V
drop due to more localized Deviation of RHT(V) from |

hard interactions

| 4



In order to compare with the data we need to use a model for the distribution in Et"® as a function

of V.We use the analysis of ATLAS . Note that ET™® was measured at large negative rapidities (-3 + -5)
which minimizes the effects of energy conservation (production of jets with large x; )

ATLAS-CONF-2015-019 analysis of pp data confirms this expectation

N2 \Z
"QBS§\' QQ‘CZSK‘QiC\
‘0\ o X0
“QV xo® +V O
™. N} (0‘
2Erintarget ~.. . + f
proton ‘~;~ O—) (_Q
direction <~ outgoing
A | jets

Measure ZEt at large pseudorapidity VS.
X in the projectile proton (moving away)
X in the target proton (moving towards)

AL AR AN R DR RN RREEE RRRRE R AU ARAIRAARIRRRANRARES RARRN RARRN RARRERARS [T
°. = g - N
LLII_ : :T:E : Tm'-"r —l-u'"r"'_“h:._-_:il_-_::":. ! ¢ :
P e o - e ]
< 0.8 = — - ! =
LLII_ E -"h"..-i..- E ".'.E“.'." i :
Z\]/06_ r. — : )
I + i
- R _1 _
0.4+ |- .— - |#] Data, 4.0 pb =
et R~ s e e 4+ " PYTHIA 6 AUET2B
- ATLAS Preliminary mebeal |
0.2 ) 5 =276 TeV i~~~ PYTHIA 8 AU2 -
i <2E ) = (SE_)(p"° €50-63 GeV, n"*1<0.3) ][ HERWIG++ UE-EE-3
0 ,,,,,,,, T LA T T T DT DUTOL SO | Y R SETEY SETEY CUTEE FEREY CEUNE CETRd STTed Suee
0 0.5 X 10 0.5 N 1
targ proj

Dependence on Xproj and Xearg
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0.2

190-100% -

| 60-90% Alvioli, Cole, LF, Perepelitsa,MS,

| 40-60% - arXiv:1409.7381
| 30-40%

10-20% -~
0-10% = _
P(v) —

0.15

005H

Probability distributions in V proton-nucleus collisions in all pA collisions and in those
selected by different ZEt, or centrality, ranges. Note that 2Et, reasonably tracks V’s

|6



ol 4 T ' T T ]

oo [ATLAS 2013 p+Pbdata, 27.8 nb™ 1

anti-k,, R=0.4, \/sNN =5.02 TeV]

(0] R A L e e R R EEEEEEE —

i hia % 0-10%/60-90% 3

:_ A +36<y*<+4.4 E
04 Y +2.8<y*<+3.6
- ¥ +2.1<y*<+2.8
— ¢ +1.2<y*<+2.1
L+ .'"9'.8|<y*<+1.'2

40 100 1000

p_ % cosh(<y*>) [GeV]

@/

xo =0.6 We focus on large x, where effect is largest and
hence corrections for transverse geometry are
small (though we do include them).

Sensitivity to w, for studied configurations is small, so we use wgs =0.1 for comparison with the data

2.5

(Oot)

Hard
Y

(0)/P

PHard

15

Rhard for x = Eje/E, = 0.6 for centrality bins
extracted from the ATLAS data using V’s of
the CF model. Errors are combined
statistical and systematic errors. The solid
line is the Glauber model expectation.

05F

We can estimate

0(x=0.6)/Teoe[RHIC]=0.4 +0.5

SE; [GeV]

ATLAS: GLAUBER + CF —e—
- - 0=0.60, ---
i
=8
!_ — _l_ — Glauber
1 : _{
0 1IO 2IO 3IO éiO SIO 6IO 7IO

80

|7



(Otot)

Hard
N

(0)/P

Hard
PN

For 0 > <0> dependence on centrality is reversed

| Glauber, 6 =30,,/2 — [
ST Glauber, 6 = 20y, --- -1 Ratio of the probabilities Pn of having Vv
Glauber+CF, <0> = 30,,/2 ---- | .
4t Glauber+CF, <0> = 20, - | | I wounded nucleons for scattering of the
8l i | proton in configurations with different
)l _ values of 0(x) and PN for O = O with CF
g f_, b - (Wo=0.1) and without CF (marked as
————— e T St G I a u b e r)
%0 5 10 I3 20 25
V
I

- 4 +03<y*<+0.8 *+ -
— Y -03<y*<+0.3 -4 —

- ¥ -0.8<y*<-0.3 —A- ]
— ¢ -1.2<y*<-0.8 —sla —
- ."'. |-2|.1||<y*<-1.|2 R | ]

40 100 1000
p_ x cosh(<y*>) [GeV]

. : g A :
Transition to dominance of larger than F “'-n""!:i"* = 0 I
: -1 - 'i_ = -4 -

average size - x < [0""? : i!"ih g :

|18



New experimental observation relevant for color fluctuation phenomenon: coherent photoproduction
of p-meson in ultraperipheral heavy ion collisions at LHC (ALICE): y + A—=p + A

Guzey, Frankfurt, MS, Zhalov 2015 (1506.07150):

@ Vector meson dominance overestimates (Y + p—p + p) by a factor of |.3

Glauber model crossly overestimates @ Gribov - Glauber model with cross
@ the cross section section fluctuations. Large (Ws~0.5

| —— mVMD-GGM ~+Pb—Pb+p

V+A—A+p -
® STAR yAu—Aup |
A ALICE ~Pb—Pbp

R B BT

. STAR 7Au—>Au[O : i | | | | | | I |
A ALICE vPb—Pbp |
I 40 60 30

40 60 30
W.. ,GeV
W, GeV P




Modeled Py

10 15 20 25 30
O, mb

20

35

40

45



Cp , o(”small dipole” — A) Ga(z, Q7
° p— 1
Special situation for small ©: doCsmall dipole — N) — ACn (2. 0%)

R&(x,Q)

1.6

;
Prediction of the LT theory 1.3 FGS10_H =4 GV
of nuclear shadowing based 1% G?=10 GeV?  +xueee:
on factorization theorem for 1 2_@ =100 GeV ===y

: : 09 Q°=10,000 GeV* ~ mmmmm= |

diffraction and AGK 08

0.7 |

0.6

0.5

04

107

104 10° 10% 107
Y

Strong reduction of nuclear shadowing at fixed x with increase of Q due to the DGLAP flow of
partons from larger x

21



Test: Strong suppression of coherent |/\) production observed by ALICE
confirms our prediction of significant gluon shadowing on the Q% ~ 3 GeV?

Spp

SPp

- 11/2 2
g o(vA = J/ + A) _ga(z,Q7)
 Oimp.approzx. (/YA — J/w + A) il gnN (.CE, Q )

1.1 T rrr——rrrrm 1.1 ——rrrem S —

1| 1 o 1} e
09 B D— 09 B ';v‘/ =
0.8 F - » o08fF e -
0.7 F . 0.7 | L emmIIIET -
0.6 | - 0.6 b _m-mm2lH-" -
0.5 . 0.5 [[o-- -
0.4 - 04 F -
o5 ALICE m - ST ALICE m ]
0.1 LTA+MNRTO - 0.1 | LTA+CTEQBL1 ------- _

O Ll r 3 s anaul L O sl r 3 s aaul L

10™ 10 1072 10” 10™ 10 1072 10™]

X X

1.1 m m 1.1

I s O 1 -
0.9 F L@ 09 -
0.8 BT ) 0.8 -
0.7 | s i 0.7 _
06 [ . P - 0.6 -
0.5 .o - 0.5 -
04 - 0.4 -
03 [ ALICE m - 2 ALICE m ]
01 F LTA+NNPDF e - 0.1 EPS09+CTEQ6L1 -

O waul r 31 a3l L1 1 O 3 aaul r 31 33l

10™ 10 1072 107 10™ 10 1072 10™]

Points - experimefital values of S extracted by Guzey et al (arXiv:1305.1724) from the
ALICE data; Curves - analysis with determination of Q -scale by Guzey and Zhalov

arXiv:1307.6689; [HEP 1402 (2014) 046.
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CMS Preliminary
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http://arXiv.org/abs/arXiv:1305.1724
http://arXiv.org/abs/arXiv:1305.1724
http://arXiv.org/abs/arXiv:1307.6689
http://arXiv.org/abs/arXiv:1307.6689

CF broaden very significantly distribution over v. “pA ATLAS/CMS like analysis™ using

energy flow at large rapidities would test both presence of configurations with large G ~40
mb, and weakly interacting configurations.

Py - Photon-Lead - Glauber + CF
Py - Photon-Lead - Glauber

Pre\\m‘“ar\/b

) 4
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| 107 | 025 | 10
025 F ! ' 10
— 10 " F 3\ 02 -5
\SE 0.2 10-5 E—: . 10_6
10_6 _ . . ] 0 15 | 10 1 1 1 1
0.15F 0 '5 1'0 15 20 25 30 ) 0 5 10 15 20 25 30
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. _ I W =80 GeV ==
0.05 | W =380 GeV 1 0.05} 1
=) I; W =400 GeV — W =400 GeV
I 1 | | O | : -
06 5 10 5 20 >3 30 0 5 10 15 20 25 30
Vv Vv
Py - Photon-Lead - W =400 GeV
PN - Photon-LLead - W =40 GeV 0.4
0.4 100 ¢
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0 e 03 102 |
' 107 F
107 025 F Al
0.25 9 — 1077
— 10 e 02 ST
E? 0.2 107 = 10 !
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0.05 - Glauber — | 005 L —I_I_ Glauber — |
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Ultraperipheral collisions at LHC (Wyn< 500 GeV)

Tuning strength of interaction of configurations in photon

“2D strengthonometer” - EIC & LHeC - Q? dependence - decrease of role of “fat”
configurations, multinucleon interactions due to LT nuclear shadowing

Novel way to study dynamics of Y &Y™ interactions with nuclei
24



Conclusions

Color fluctuations are an important component of high energy dynamics

Color fluctuation with large x - have smaller size

Opportunities for study global 3D structure of nucleon and photon

25



Slides for discussion & supplementary slides
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> E7PP distribution: modeling by ATLAS

Transverse energy distributions in p+p collisions are typically well described by gamma
distributions

1 1 k—1
gamma(x; k, ) = XY, (g) e~ ~/0

gamma distribution has convolution property:
k(Npart) = ko + ki (Npart — 2) )
0 (Npart) = 60 + 61 log (Npare — 1)

1 1 Nk—1
(f) 6—:1:/9

N-fold conv. of gamma(x,k,0)= gamma(z,k,0) = [(Nk)O \o

Note: for k = |, gamma distribution is exponential, k < | is “super-exponential”

27



Glauber and Glauber-Gribov analysis

ATLAS Preliminary
p+Pb, L = 1ub”
\'Syy = 5-02 TeV

Glauber ll

Glauber-Gribov, Q = 0.55
— — . Glauber-Gribov, Q = 1.01

ATLAS Simulation Preliminary
p+Pb |s,, =5.02 TeV

—e— standard Glauber

—e— Glauber-Gribov Q=0.55 —=
—e— Glauber-Gribov Q=1.01

1/N,,, dN/dSEZ° [GeV]
3 3

—
ol
(6]

—
ol
»

Glauber

fit / data

‘With Glauber-Gribov
Npart distribution, the SE (GoV]
best fits become more WN-like

2
1
0
2
1
0
2
1
0

o

—e.g. for Q= 0.55, k1 = 0.9 (0.64 ko), 61=0.07 " ©

=Glauber-Gribov smooths out the knee in the Npart distribution
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Fluctuations for configurations with small 0 maybe different than for average
one so we considered both wq(x~0.5) =0.1 & 0.2

3.5

o
T

(Ciot)
(\®)
N

Hard
N
(\

(6)/P

Hard

N

P

S
n

-
-

Sensitivity to w. is small, so we use wq =0.1 for following comparisons
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Rhard for different centralities is calculated as a function
of one x-dependent parameter A= 0(x)/< 0>

90-100% 90-100% =—
3.5 P\ ™ - 35 -

- 60-90% = - 60-90%% =
| LHC _ RHIC
s 3h ) - S 7 40-60%
@3 25 @3 - 30-40%
C;g . E 2.5 N\ 77777777777777777777777777777777777 77777777 20 307
y g T > 0%
= 27 INON. 10-20% = "
=~
@)
N’

0.4 0.6 038 I 12 14 15 0.4 0.6 0.8 1 12 14 15
A=<0(X)>/0O A=<0(x)>/0
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We can estimate 0(x=0.6)/0w[RHIC]=0.4--0.5

. . . 0'(81) 0'(32)
from probability conservation relation: / P(o, s1)do = / P(o, s9)do
0 0

- x>0.5 configurations have small transverse size (~ rn 12)

“a

Small size configurations suppressed in bound nucleons (F83)m» explanation of the EMC effect

\_ _

First rough estimates for smaller x:

0(x=0.2)/<0>=0.8 gluon contribution sets in (smaller size than quarks for same x?)
0(x=0.1)/<g>=1.0
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Qualitative expectation: CF increase fluctuations of a number of observables in pA and AB
collisions.

First example: study of dispersion of Et distribution in AB collisions as superposition of
emission from binary collisions with variance Weo:

w—wdef:w()—I—Q—a—ﬂ—l—(NpB%—NpA—aZﬂ

nucl. deforé @orn: x~p~ 0.3

s | i
. i
S N i H. Heiselberg, G. Baym, B. Blattel, L. L.
We =V [ SRR EEEEL AL = .
e Frankfurt, " and M. Strikman PRL 1991
- wqe =0.0 _
2 o TSP RP TP
K,
1 50 100 150 200 250

A

Dispersion of Et distribution in central 32S A
collisions at SPS at E/A =200 GeV



propagation of a very fast positronium (bound state of electron and positron) through a foil

P 1 first qualitative discussion - Nemenov,
pos : o
- > L(foil) 1981, quantitative treatment Frankfurt
" (~ few mea?) and MS 91)
L
Positronium ¢
beam \
———————— -> \»’/\/
foil ’

For the positronium at high energies transverse size is frozen during traversing through the foil - so
interaction is of dipole-dipole type o (d) < d®  where d=1r{ —7}

- 12
Amplitude of i — f transition: |[M;f| = /dST\pr()S\If} exp(—ao(d)pL/2)

16
(< o> pL)?

For large L: survival probability absorption is not exponential !!!

Even larger probability to transform to electron - positron pair

of the same momentum as positronium .
< o> plL
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Can we instead trigger on larger than average size configuration in positronium?

{
positronium d* i ?

dZ

cof o

i

atom - —

<d?> for these events is larger thanin V> (d)= [ U’ (r)dz » (d3,7) > {(d7) > (d°)

POS

Consider production of one (two) lepton pairs wi17 small momenta in the center of mass:

Effects:

@ Positive correlation between production of one and two pairs

@ Correlation between energy release along the positronium path and final momenta of e- e+ (next slide)
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Average configuration of
Incoming positronium

|

dE/dx

Post selection /Trigger on large d - large energy release along
the path in the media -selects smaller than average
transverse and longitudinal momenta in positronium -
longitudinal momenta of electrons in the positronium
fragmentation are softer (x-1/2 closer to 0)- looks as energy
loss - but actually post selection.

Irigger on high p: electron or electron with x > |/2 (fraction of
momentum of positronium carried by electron post selects
events where excitations along the path were small.

Will discuss later similar effects for proton - nucleus interactions



— The non exponential behavior is a manifestation of high energy coherence - slow down of space-time evolution

= Various triggers allow to change proportion of small and large configurations in the data sample

— Inelastic processes are sensitive to presence of large & small size configurations in projectile -
longer the target (nucleus) —higher the sensitivity.
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Jet production in pA collisions - possible evidence for x -dependent color fluctuations

Summary of some of the relevant experimental observations of CMS & ATLAS

¢ Inclusive jet production is consistent with pQCD expectations (CMS)

n|||||||||||||||||||||||||||il"l'"riiiiiiiiiiiiiiiiiii'i
(b) T (€) °
v :
= .
Z 0= =
& o P N o
© w 4
O
a =
_ - 5 4 -
-0.02+ o CT10 —+ e CT10+EPS09 —
- ---- CT10 Unc. T — CT10+EPS09 Unc.
Exp. Unc. T Exp. Unc.
oo v v bvvv v vy v by v v b v vy by v s by v v bvov v v bvv v v Py
-2 -1 0) 1 2 -2 -1 0 1 2 3

dijet T]dijet
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