Collisions at LHC

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10"2 eV)
Luminosity 10** cm? s

Bunch Crossing rate 40 MHz
Proton Collisions =~ 107 - 10°Hz
Parton

(quark, gluon)

Selection of 1 in

Particle o ;
4 . 10,000,000,000,000
jet 3
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Typical pp collision
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Drell-Yan production

q o | | |
+ Direct access to vector and axial couplings
/Z g,’:;, = Ié - 2qusin2 Oy bothy'f and Z couplings
gﬁ _ lg Z-f only coupling
q o+
do E 2 N " - OF—0p
Tiad (1 + cos“0™) + Agp cosb |::> A p———
+ cos®” > (<) 0 — forward (backward) events v A 1

- 6" is the angle of the negative lepton relative the quark

-

'i' g
momentum in the dilepton centre-of-mass frame / e
» Minimize the effect of unknown pt of incoming quark / /\/
P, R

by measuring 6% in the Collins-Soper frame
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Collins-Soper frame

* Collins-Soper frame : the center of mass frame of dilepton

qqf — Z]yx — £14”

7

e - A S,
q » ¢ q N
/ R
e'l' e feeaeneranaias D R RCC R TT TP PSP T

* Differential cross section of cos9 and ¢

do
dP%dyd cosfd¢

e in lepton phmc .f"f .'

o (14 cos®6) > LO term

cos?f :

1
—Ag(1 —3cos?6
T 2 of cos”6) higher order term

1 .
+ Aysin2fcos¢ + EAQ sin® 0 cos 2¢ + A3 sinf cos ¢ = (@, ¢) terms
+ Agcosf e LO term : determine Ap
+ Agsin®0sin2¢ + Agsin20sing + A;sinfsing —>» very small terms

“**All higher order terms are zero at Pt=0
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Z/g* Angular Coefficients

- First measurement of the pp — Z/y + X— e*e + X angular distributions with 2.1 fb"!

» Angular distributions of the lepton decay in the Collins-Soper frame are:

do
d cos@

1
« (1+ cos?8) +EAE'(1 — 3c0s%6) + A, cos @ PRL 106,241801

do 3T 1 - i S < .
s - e e ¥ e a1
— X 1+-—Azcosp+—A,cos?2 ~ e
de 1673080 T ¢ l A J%%
~y 4
g e . g %‘4 2
- Perturbative QCD makes definite predictions on A, ; Annihilation diagram
depending on the dilepton pt " ) Z
\Vi
- At order o, the Z/y" boson can be produced via annihilation + '

or Compton scattering

q G .{cc‘cc‘ ‘MR"‘H«H o

Compton diagram

- Probe the contribution of different productions

mechanisms contributions
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Z/y* Angular Coefficients (A, )

- At order o, both A, and A, should be the same for Z and v, but they have distinct Z p; dependencies for
annihilation or Compton scattering

- The Ay, trends as a function of Z p; reveals the two Z production processes contributions, e.g. in Z +1 Jet
PYTHIA simulation a significant Compton scattering contribution is expected (—-30%)

Lam-Tung relation predicts A,=A, at LO and nearly the same at all orders

L]

Lam-Tung relation is valid for spin-1 gluons, but it is broken for scalar gluons

L]

First measurement of the Lam-Tung relation at large dilepton mass and high transverse dilepton p;

L]

Fundamental test of the vector nature of gluons
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QCD modeling in Monte Carlo

= \We can access humerical values of coefficients by
calculating repesptive moments of events distributions MC
samples. Method Does not require fitting procedure allows
to study impact from QED/QCD shower, different PDFs etc.

= Calculation can be done in p,', y,, m, bins orintegrated.

1 oo 3 2
(1 —3cos<f0) > =

< 5 E(-'-"U — 5.:'
< sin 20 cos @ > = é—“ll
[ ]
—..-"_",.-¢--._1__ . . o .
< sin”fcos2¢ > = q5A2 | do(pr,y,0,0)mdcos fdo
P S LM = —— — —
<smfcosg > = 743 | do(pr.y,8,0)d cos fdg
1 :
< cosf > = —=A.
L 1 l.;
< sin fsin 2¢ > = %la
. . . 1
< sm20sing > = —Ag
5
. 1
< sinflsing > = _—1_'—17
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QCD modeling in Monte Carlo

The interesting ones, others close to zero.
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QCD modeling in Monte Carlo

* Only A; and A, show some dependence on m,

* Only A, shows residual dependence ony,

* For the moment, study how to extract A, as a function of p,'
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Discriminating distributions
* Distributions are sensitive to the production sub-process, and
the shapes change rapidly with p,*
* In fiducial volume, the shapes are dominated by kinematic
effects, as shown below for cosO.; and ¢ (integrated over p,?).

Full phase-space Fiducial phase-space

= e
=853 Sew - i =
Foadeg LEF senmte E

-

I

i E E 2000
1600
o 1EDD
E1400F
= E
- 1Z00
1000

# milres inormalisedy

581
[T

II|III|III| I|IIII

00
ann

_.illlll'lul%?’-‘r‘_f"lu

e JLL LY AL LA
IR B R

g : e, =B B e g | D
E LT
3 1WC0h— i Bagar —
s r ]
=z B 4
= 100 —
- — . =
- = e i e 1
» Ie ol |
ool M f‘.\q; 1
= ~ i
el i
10ed— —
BODE— . . » | o » & o+ 1 o o o o+ 1 o & & o+ | o o » o 0 4 » » o1 — -
1 =2 = 4 [
Poa

Prof. dr hab. Elzbieta Richter-Was 10



Reweighting to isotropic events

= We can verify extracted coefficients in MC by reweighting to
isotropic events (flat in both cos 0 and ¢) with weight

1.
Wiso = =8 Jr; -
T‘-_-: < P(H LJ

\

Coefficients extracted from moments

" Reweighting can be done per individual sub-process with possibly
better control on systematics due to PDFs

" |sotropic events can be used build required template shape in the
fiducial volume (see latter)
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Sensitivity in the fiducial region

Shown below are cosO distributions of
(blue) events in the full phase-space (left) and fiducial region (middle) for

one bin in p;~.

and nominal

The ratios nominal/isotropic (bottom plots) quantify the sensitivity to the
angular coefficients themselves.

The double ratio (right) shows the potential biases introduced in this p;*
bin if one would extract coefficients in a too simplistic way.
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nominal’ isotropic

Sensitivity in the fiducial region

Shown below are ¢

s distributions of

and nominal (blue)

events in the full phase-space (left) and fiducial region (middle) for one

bin in p;Z.

The ratios nominal/isotropic (bottom plots) quantify the sensitivity to the
angular coefficients themselves.

* The double ratio (right) shows the potential biases introduced in this p;£
bin if one would extract coefficients in a too simplistic way.
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