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= Nucleon-nu i
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Elastic scattering
Forward-forward scattering, no disassociation (protons stay protons)

b>>2rIO
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o
= “Single-diffractive” scatiering MM <%

One of the 2 nucleons disassociates into a spray of particles
— Mostly n* and = particles
— Mostly in the forward direction following the parent nucleon’s momenum

RYLP»e
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‘Double-difiactive’ scatiennG NI <5

Active detector

Active detector




Proton-(antiProton ColisionS N

At “high” energies we are probing the nucleon structure

— “High™ means Compton wavelength Ay, = hc/Epeqm << Ipot0n ~ he/71GeEV” ~ 1fm
¢ Epoun=1TeV@FNAL  5-7 TeV@LHC

— We are really doing parton—parton scattering (parton = quark, gluon)
Look for scatterings with large momentum transfer, ends up in detector “central
region” (large angles wrt beam direction)

— Each parton has a momentum distribution —
- CM of hard scattering is not fixed as in ete™ will be move along z-axis with a boost
- This motivates studying boosts along z

— What’s “left over” from the other partons
is called the “underlying event”
If no hard scattering happens, can still
have disassociation

— An “underlying event” with no hard
scattering is called “minimum bias”
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“Total Cross-section M

RYLP\e

By far most of the processes in nucleon-nucleon scattering are described by:

“elastic”

“Inelastic”

— o(Total) ~ o(scattering) + o(single diffractive) + o(double diffractive)

This can be naively estimated....

— hard sphere scattering, partial wave analysis:

~ O~ 4xArea, ;=42 = 4 x(1fm)= ~ 125mb

But! total cross-section stuff is NOT the
reason we do these experiments!

Examples of “interesting” physics @ Tevatron

— W production and decay via lepton
« o-Br(W— ev) ~2nb, 1 in 50x108 collisions
— Z production and decay to lepton pairs
« About 1/10 that of W to leptons
— Top quark production
« of(total) ~ 5pb, 1 in 20x10° collisions
Rates for similar things at LHC will be ~10x
higher
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arXiv.org > hep-ph > arXiv:0709.0395

High Energy Physics - Phenomenology

The total cross section at the LHC

P. V. Landshoff
(Submitted on 4 Sep 2007)

We do not have the ability to perform precise calculations of long-range strong
interaction effects, because the effective QCD coupling is not small and so we
cannot use perturbation theory. Nevertheless, | show that we know a lot, though
not nearly enough. As a measure of our lack of knowledge, the best prediction for
the total cross section at LHC energy is 125 +/- 25 mb.

Comments: Lectures at School on QCD, Calabria, July 2007

Subjects: High Energy Physics - Phenomenology (hep-ph); High Energy Physics -
Experiment (hep-ex)

Report number: DAMTP-2007-82

Cite as: arXiv:0709.0395v1 [hep-ph]



What determines number of detected events  _
N(X) for process “X"? barn
— Or the rate: R(X)=N(X)/sec?
N(X) per unit cross-section should be a function,,
of the brightness of the beams
— And should be constant for any process:
N(X)/o(X) = constant==L (luminosity)
R(X)/o(X) = £ (instantaneous luminosity)
Units of luminosity: nb
— “Number of events per barn”
— Note: 1nb = 10 barns = 10°x1024cm? = 1033 cm?
— LHC instantaneous design luminosity "

1034 cm? s =10 nb'/s, or 10 events per nb
cross-section per second, or “10 inverse fb
nanobarns per second”

« e.g. 10 t-tbar events per second

ub
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Proton beam direction
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TRYLAS

Detector

Y4

Protqn or anti-proton beam direction
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Transverse E = E;

10-Dec-2008 D. Baden, U. Geneve 9



Ug _ QERS%

RYLP»e

d’p _dp.dp,dp,
E E

 Relativistic invariant phase-space element:  |dr-=
— Define pp or pp collision axis along z-axis:

— Coordinates p* = (E,p,py,P,) — Invariance with respect to boosts along z?
+ 2 longitudinal components: E & p, (and dp,/E) NOT invariant
* 2 transverse components: p, p,, (and dp,, dp,) ARE invariant

- Boosts along z-axis
— For convenience: define p* where only 1 component is not Lorentz invariant

— Choose p1, m, ¢ as the “transverse” (invariant) coordinates
* pr=psin(0) and ¢ is the azimuthal angle

— For 4" coordinate define “rapidity” (y) |y=—-In

or |p,=FEtanhy

« ...How does it transform?

10-Dec-2008 D. Baden, U. Geneve 10
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Boosts Along bearm-axis N 5

A

- <
TRYLAS

-

- Form a boost of velocity § along z axis

= P.=(p, + PE) _L E+p. 1 Y(E+fp.)+v(p.+PE)
— E=y(E+ sz)_ | =5 E-p, 2 y(E+Bp,)-v(p,+BE)
— Transform rapidity: ( £ )(1 /3)
| +p )L+
— —In < =vy+Iny(l+
2 (E-p)1-p) ° At
y=y+y,

- Boosts along the beam axis with v=fc will change y by a constant y,

— (pp,Y,0.m) = (Pr,Y+Yp,d.m) withy =y+y,, y,=Iny(1+p) simple additive to
rapidity

— Relationship between y, 3, and 6 can be seen using p, = pcos(0) and p = E

11n1+[3’cos(9

y = E 1— Bcosb or |tanhy = /30089 where  is the CM boost

D. Baden, U. Geneve
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| dp.dp,d
=% s dEp 1 py i Phase_

* Transform phase space element dt from (E,p,,py,P,) t0 (Py ¥, ¢, M)

RYLP»e

| E
dpxdpy = 5dp;d¢ & dy =dp 9y + 9y 9 \ ] using

ap. oE apz}\j y=llnE+pZ
2 E-p,.
=dp, £ P. P

Ez_pz_Ez_pzz E

Z

1 _
« @Gives: dT=5dP§d¢dy " E

-+ Basic quantum mechanics: do = IM |2dt
— If IM I? varies slowly with respect to rapidity, do/dy will be ~constant iny
— Origin of the “rapidity plateau” for the min bias and underlying event structure
— Apply to jet fragmentation - particles should be uniform in rapidity wrt jet axis:

« We expect jet fragmentation to be function of momentum perpendicular to jet axis
- This is tested in detectors that have a magnetic field used to measure tracks

10-Dec-2008 D. Baden, U. Geneve 12
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=, Transverse Energy and Momenium DSINNGISEN %

« Transverse Momentum: momentum perpendicular to beam direction:

RYLPS:

- Transverse Energy defined as the energy if p, was identically 0: E.=E(p,=0)

2 2 2 2 2 2 2 2
ET=px+py+m =pr+m - =E"-p’

- How does E and p, change with the boost along beam direction?

— Using tanhy =fcosO and p, = pcosO gives p, = Etanhy
then FE;=E’-p’=E’-FE’tanh’y= E’sech’y

or |E =E, coshy| whichalsomeans p, = E,sinhy

— (remember boosts causey =y +,)
— Note that the sometimes used formula ET = F S1In0 is not (strictly) correct!
— But it’s close — more later....

10-Dec-2008 D. Baden, U. Geneve 13
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nvariant Mass M, , of 2 pariicies SR 5

- Well defined: MZ =(p, + p,) = m?+m} +2(E1E2—P1'P2)

RYLPS:

«  Switch to p*=(p+,Y,d,m) (and do some algebra...)

p-p=p.D, +tp, P, +p. D =E E (/3T1 B, cosA¢ + sinh y, sinh )’2)
with E = E. cosh y and B; = p;/E;

+ This gives M, =m;+m,+2E E, (coshAy B: B, cosAqb)
— With By = p/E+
— Note:
« For Ay — 0 and A$¢ — 0, high momentum limit: M — 0: angles “generate” mass

P Forp=Tmb = 0) a2 E, E; (coshAy - cosA¢)

This is a useful formula when analyzing data...

10-Dec-2008 D. Baden, U. Geneve 14



nvariant Mass, mulf paricic SR <5
RYLB

+ Extend to more than 2 particles:
2 2 2
My, =(po+ P+ ps) =(pi+p.) +2(p, + po)ps +m;
= M, +[2p,p;s |+ (20,05 |+ m;
= M}, +|p} +2ppy + p3 |- mi —=m + [ p3 +2p,ps + pi |- m3 —m] + m;

2 2 2 2 2 2
=M, + M5+ M5 —m —mj —m;
 In the high energy limit as m/p — 0 for each particle:

2 2 2 2
M =M ,+M,;+ M,

=> Multi-particle invariant masses where each mass is negligible — no need to id
= Example: t =Wb and W —jet+jet
— Find M(jet,jet,b) by just adding the 3 2-body invariant masses in quadriture

— Doesn’t matter which one you call the b-jet and which the “other” jets as long as you
are in the high energy limit

10-Dec-2008 D. Baden, U. Geneve 15
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=G
= “Pseudo” rapidit ;

« Definition of y: tanh(y) = cos(0)
— Can almost (but not quite) associate position in the detector (6) with rapidity (y)
But...at Tevatron and LHC, most particles in the detector (>90%) are nt’s with =1

Define “pseudo-rapidity” defined as n = y(0,p=1), or tanh(n) = cos(0) or

n= llnM =In cos6/2 _ ~In(tan6/2)

2 1-cos6 sin6/2

-5 -3 -1 n 1 3 5

: | (n=5, 6=0.77°)

30

CMS

HCAL
60 -

90 CMS
ECAL

20 A

150 -

400
1OV
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- From tanh(n) = COS(G)
— We see that |n| =y

— Processes “flat” in rapidity y will not be “flat” in pseudo-rapidity m

tanh(y)/ §

(y distributions will be “pushed out” in pseudo-rapidity)

10-Dec-2008
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=~ Inl~ I andpr= CaloiimeicHCISIIN

RYLP»e

-+ At colliders, Center-of-Mass can be moving with respect to detector frame

+ Lots of longitudinal momentum can escape down beam pipe
— But transverse momentum p+ is conserved in the detector

*  Plot n-y for constant m_, Pt = B(e) n-y v detector position (n) for n's
p=0.1GeV
DO calorimeter cell width .
\ p;=0.3GeV
CMS HCAL cell width 0.08 - - 5

CMS ECAL cell width 0.005

« For all nin DA/CDF, can use m positio
— Pions:  Inl-lyl <0.1 for pr>0.1GeV 0.6

— Protons: Inl-lyl < 0.1 for p;>2.0GeV
— As f —1, y— 1 (so much for “pseudo”)

10-Dec-2008 D. Baden, U. Geneve 19



=G
= Rapidit " -

RYLPS:

...some useful formulae...

tanh(y) = f(n)tanh(n)

p_ | pr+p;  cosh(n)
/3(77)—_— 2 2 2’ = > 2 2
E Prtpz+tm \/m/pT+cosh17

- Constant p,, rapidity plateau means do/dy ~ k
— How does that translate into do/dn ?

do do dy kd_y
dn dy dn dn

— Calculate dy/dn keeping m, and p, constant
— After much algebra... dy/dn = B(n)

B(n)

Pt=1.0GeV

Pt=0.3GeV

do dody dy

— = k Pt=0.2GeV 0.8
dn dy dn dn ﬁ( )

. o N - 0.6
pseudo-rapidity” plateau...only for  —1 Pt=0.1GeV
0.4
-4 -2 0 n 2 4

10-Dec-2008 D. Baden, U. Geneve 20
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=G S,
= Measured mom i

RYLP»e

- Momentum conservation: EPZ =Py and Eﬁr =

particles particles

- What we measure using the calorimeter: Epz =P.,, and pr=0

cells cells

- For processes with high energy neutrinos in the final state: EﬁT +py, =0

. We “measure” p, by “missing p;” method: P, =p, =— > E,

 Longitudinal momentum of neutrino cannot be reliably estimated

— “Missing” measured longitudinal momentum also due to CM energy going down beam
pipe due to the other (underlying) particles in the event

— This gets a lot worse at LHC where there are multiple pp interactions per crossing
+ Most of the interactions don’t involve hard scattering so it looks like a busier underlying event

10-Dec-2008 D. Baden, U. Geneve 22
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RYLP»e

Since we don’t measure p, of neutrino, cannot construct invariant mass of W

What measurements/constraints do we have?
— Electron 4-vector
— Neutrino 2-d momentum (p;) and m=0

So construct “transverse mass” M; by: .
1. Form “transverse” 4-momentum by ignoring p, (or set p,=0) P# = (ET » Pr ,O)
2. Form “transverse mass” from these 4-vectors:

M£1,2 = (pT1 + pTz)M(pTl * pTZ)M

This is equivalent to setting n,=n,=0
For e/u and v, set m;=m =m, =0 to get:

M7, =2E, E, (1-cosA¢) =4E, E, sin’(A¢/2)

— This is another way to see that the opening angle “generates” the mass

10-Dec-2008 D. Baden, U. Geneve 23



C qekslr,,

RYLP»e
Transverse mass distribution?
Startwith - My, = M =2E, E, (coshAn-cosA¢)

COnStraIn tO |V|W=BOGGV and pT(W)=O Invariant Mass‘
— COSA(I) — _1 F=2.5GeV, MW=80.0
o ETe = ETV
— This gives you E;.E;, versus An .

80> <
ETeETv = %
2(coshAn +1) =
=
Now construct transverse mass Transverse Mass

Transverse Mass |1|<0.1

M;,, =2E E, (1- cosA(p)
20?2 \ Transverse Mass |1/ >1
= 2 Aq)=TE
coshAn+1 _
0 110‘ B ‘210. = .310. - ‘410. . l50 60 70 80 90 100
— Cleary M{=M,, when n_=n,=0 M(e,v)

10-Dec-2008 D. Baden, U. Geneve 24
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= Neutri m

RYLP»e

- Can you constrain M(e,v) to determine the pseudo-rapidity of the v?
— Would be nice, then you could veto on 6, in “crack” regions

- Use M(e,v) = 80GeV and M, =80°>=2E_E,, (coshAn — cosAq))

80°
to get coshAn = + COSAQ
2EWTeE‘TV
and solve for An: coshAn + \/cosh2 An+1

An=In

2

- Since we know 1, we know that n,=n, + An
— Two solutions. Neutrino can be either higher or lower in rapidity than electron
— Why? Because invariant mass involves the opening angle between particles.
— Perhaps this can be used for neutrino’s (or other sources of missing energy?)

10-Dec-2008 D. Baden, U. Geneve 25
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St

-

Jet D @

1,5
RYLP»e

— And for inclusive QCD measurements (e.g. do/dE;) |
|
|
«  QCD motivated: |
— Leading parton radiates gluons uniformly distributed azimuthally around jet a>8§ '
— Assume zero-mass particles using calorimeter towers / @, o3

1 particle per tower i JET axiS et
— Each “particle” will have an energy kT perpendicular to the jet axis:
— From energy conservation we expect total energy perpendicular
to the jet axis to be zero on average: k =0

particles

— Find jet axis that minimizes k; relative to that axis
— Use this to define jet 4-vector from calorimeter towers
— Since calorimeter towers measure total energy, make a basic assumption:

Energy of tower [ is from a single particle with that energy
Assume zero masslparticle (assume it’s a pion and you will be right >90%!)
Momentum of the particle is then given by

p; = E;nand n, points to tower i with energy E,

— Note: m=0 does NOT mean M,,=0
Mass of jet is determined by opening angle between all contributors
Can see this in case of 2 “massless” particles, or energy in only 2 towers: 6
12

M?*> =2EE,(1-cos0,) = 4E E,sin” -2

Mass is “generated” by opening angles.
A rule of thumb: Zero mass parents of decay have 6,,=0 always

10-Dec-2008 D. Baden, U. Geneve 27



- Transform each calorimeter tower to frame of jet and minimize k.
— 2-d Euler rotation (in picture, ¢=¢;s, 6=6,, set x=0)

-sing cosd,, 0
M (¢ jerr0 jet) =|-cosf, cosp, —cosb, sm¢, sinb,,
sinf,, cos¢p,,  smnb, sm¢,  cosl,,

— Tower in jet momentum frame: El' = M(Hjet,quet) X El. and apply Ekr =0

particles
, .
E,=-E;sing,, +E cos¢
!
E,=-FE cosf,cos¢
/ .
E,=FE sin6, cos¢

Jjet

o~ E,cos0,sing., +E_ sinf

ot E,;smb , sing., + E_ cosb,,

— Check: for 1 tower, §yer=Pjer, Should get E';=E';;= 0 and E', = Ey,
It does, after some algebra...

10-Dec-2008 D. Baden, U. Geneve 28



Minimize kr to Find Jet AXS M

- The equation Ek_{=0 is equivalent to EE;Z- =EE;,- =0 so...

particles ! :
YE,
E E' = —Sin¢jetEExi + cosquetz E,;=0 :> tang ,, = E Eyz
Xi

EE;I. = —cosﬁjet(cosd)je,EExi —sinq)jetz Eyl.)+ sinHjetEEZl. =0 E@
2 2
E . E .
. USE) (S5
iet i ) EEzi
«  Momentum of the jet is such that:
tang,, = Py je tan@ ,, = P E@
px,jet I:@ pz,jet
2 2
Px.jer = EExi Pr.jer = \/(2 Exi) + (EEyi)
Py jer = EEyi Pejer = EEzi

10-Dec-2008 D. Baden, U. Geneve 29




whsS

=

Jet 4-momentum summan/ N 5

Jet Energy: = EE,-
towers
Jet Momentum: |p,, = EEini
towers
_ 2 _ 12 2
JetMass: M, = E5, — P,

Jet 4-vector:

jet

Py

Y E.Y E,

cells cells

= (E josP ) =

Jet is an object now! So how do we define E;?

10-Dec-2008
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For any object, E- is well defined:

_ 2 > [2
ET,jet = \/Ejet _pz,jet _ \/pT,jet +m

jet

correct

QERSITJ,

RYLP»e

There are 2 more ways you could imagine using to define E- of a jet but neither
are technically correct:

Alternative 1 or

Alternative 2

E

=F ,, sinf

T, jet

ET,jet - E Ly,

towers

— How do they compare?
— Is there any E; or n dependence?

10-Dec-2008
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True E; vs

2
- True: E \/pT,]et m,

47 ~
IRyL

Soa

/56

P;*

: _ _ . _ 2 2 . _ 2 2 s 2
* Alternative 1: E; ,, =FE, smf,, = \/pjet +m, sinf,, = \/pT’jet +m,sin" 6,
- Define A _ Eqju—E S0, \/PT,M H S0, i s always >0
| =
ET,jet \/pT Jet + m
2 2 2
— jet - s m Jjet tanh 77 Jjet
2 1 2
pT,jet 2pT,j€l T ™
— For small , tanhn — 1 so either way is fine [
_ _ _ _ 0.20 (— Leading jet, In|>0.5
+ Alternative 1 is the equivalent to true def central jets i
Cone 0.3

— Agree at few% level for Inl<0.5

— Form ~ 0.5 or greater....cone dependent
+  Or “mass” dependent....same thing

0.05

0.00 -

10-Dec-2008 D. Baden, U. Geneve




True Ey vs Altemative 21N

Alternative 2: | E ., = E E ;| harder to see analytically...imagine a jet w/2
towers towers
2 2
E72“,jet = E?et - pzz,jet = (El + Ez) - (pzl + pzZ)
=E/ +2EE,+ E; = p,+2p,p.,+ P/

=E; +E;,+2EE,(1-cos6,cosb,)

— TRUE:

— Alternative 2: —

2 2 2 sl el
(ET1+ET1) _ET1+ET2+2ET1ET2 [ ]
Leading jet, Inl>0.5

= E; + E;, +2E E,sin6;sin6, ||| coeos
— Take difference:
—(E; + E;,) =2E E,(1-cos6,cosb, —sin6, sin6,)
=2EE,(1-cos80) = E,E, sin” 66/2
Always > 0!

E2

T, jet

— So this method also underestimates “true” E;
But not as much as Alternative 1

10-Dec-2008 D. Baden, U. Geneve 33




Jets are defined by El}’” =0 but the “shape” is determined by

particles E k E E'2 s E,2

particles particles
. r_ . _ .
From Euler: E_=-E sing,, + E cos¢. = E;sinog,
! . .
E,=-FE cosf,,cos¢, —E cosb,sing,  +E_ sinb

-0,
. l Jet
=-FE cosop,cosf ,, + E_sinf

Jjet

Now form Ekﬁ,,- for those towers close to the jet axis: 860 —0 and 6¢ — 0

particles
!
Exi — ETi6¢i
, . . . .
E,—-E;cos0,, + E_ sinf, =-F sinf,cosb,, + E;cosb;sinf,, = E;sinob, ~ E,00,

From tanhm =cosf we get df=-sinfdn which means

E),Ci g ETi6¢i SO . k72",i = E),ciz + E,zz = ET z(6¢ + 6”1 )
E!.— E00.=-E sin0.6n. — -E_.0n.
Vi i i 0N, 7i9M, ’ Ek EEQ + Erz _ EE;"Z((S(])? +6TI,2)
0-Des.2008 anD B.a:je.n, 0. Gond partlcles particles particles .




=y swepe EpeGHEH %

- Define 6R’ =8¢’ +06n’ and OR, =\/6R,-2 =\/5¢,~2 +0m;

— Thisgives: Dki,= Y E7OR’ and equivalently, k, = E, R,

particles particles

— Momentum of each “cell” perpendicular to jet momentum is from
E, of particle in the detector, and
« Distance from jet in n¢ plane

— This also suggests jet shape should be roughly circular in n¢ plane
Providing above approximations are indicative overall....
- Shape defined:
— Use energy weighting to calculate true 2" moment in n¢ plane

RYLPS:

Se, S e S E2 on’ S E2 007

2 __ particles particles _ . __ Dparticles __ Dparticles
Op = E - £ Oy + 0y with Oy = oE Ogp = E2
T,i T,i T,i
particles particles particles particles

10-Dec-2008 D. Baden, U. Geneve 35
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- Use sample of “unmerged” jets e UL B R

” ” 10-1
YE+E]
° Plot O_R __ | particles

| s

particles

Symbols are data
Lines are from gaussian fits

L Illlllll
1 Illlllll

| B | llllll

111 llllll

1073
s Cone 0.7

11 lllllll

— Shape depends on cone parameter
— Mean and widths scale linearly with cone -4 |

parameter
<og> Vs Jet Clustering Parameter (Cone Size) 10-5 _
0.3 E
1 1 1 1 1 1 1 1 1 1 1 | 1 :
0.25 0.0 0.2 0.4 0.6 0.8
ORr
b 11 " H H
0.2 - “Small angle” approximation pretty good
A .
(Z 0.15 » For Cone=0.7, distribution in og has:
Vo = Mean = Width =.25 + .05
Width sg * 99% of jets have oz <0.4
0.05
0
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Cone Size . Geneve 36
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- DZero Run 1

- All pathologies eliminated (Main Ring, Hot Cells, etc.)
- 1Z,,]1<60cm

- No T, e, or y candidates in event

— Checked n¢ coords of tey vs. jet list

— Cut on cone size for jets
+ .025, .040, .060 for jets from cone cuttoff 0.3, 0.5, 0.7 respectively

- “UNMERGED” Sample:
— RECO events had 2 and only 2 jets for cones .3, .5, and .7

— Bias against merged jets but they can still be there
+ e.g. if merging for all cones

- “MERGED” Sample:
— Jet algorithm reports merging

10-Dec-2008 D. Baden, U. Geneve
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- Jet is a physics object, so mass is calculated using:

— Either one... 2 _ 2 2 _ 2
Mj@tt_Ejet_pjet Eﬂ"J]et pT,,jet

Note: there is no such thing as “transverse mass” for a jet
— Transverse mass is only defined for pairs (or more) of 4-vectors...

* For large E1j, we can see what happens by writing

M ET et pT et = (ET,jet + pT,jet)(ET,jet - pT,jet)

— And take limit as jet narrows 0n, =0 and 0¢, — 0 and expand E; and p;

O¢; om;
Prjee = EET,i 5 Er EETI 1+ BN

— This gives |E; o, = Prju = %EET,,'((STIZ'Z + 64’12) Ep i+ Drju = %EETJ(4 +0m; _5¢i2) = 22 Ly,

Jet mass is related to jet shape!!! (in the thin jet, high energy limit)

SO.... EETlE ETl(‘S’?l + O¢; E) M, =E; 0 using Er o= EETl
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How good is “thin jet” approximation?

QERSITJ,
S S\Se)

A

S

T T T T I T T T l T T I T I T T T T I T T T T l T T T T | T T T T
03— Cone 0.3 100 " —
o X 3
i E \ 3
- B A d
- 4‘.\ -
i X Cone 0.5 10-1 —3
02— \ F :
i \ C :
X s ; i
i IR :
- A : 1072 s =
. Cone 0.7 E g | B .
0.1 ; — i £ | 4
5 // s Cone 0.7 |
1079 & i —
z X - ' 3
- / A | 3
B Cone 0.5 / | ]
T i / i
0.0 X &J:*.‘I;ﬁl.*.l:*.ﬁ.ﬂ-l.ﬁ_z 10—4 = 1 1 l 1 1 1 1
0 5 10 . 15 20 0.8 0.9 1.0 1.1 1.2
M (GeV/c?) Ep*ogp/M

10-Dec-2008

D. Baden, U. Geneve

Low-side tail is due to lower E; jets for smaller cones

(this sample has 2 and only 2 jets for all cones)
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* Does jet merging matter for physics?
— For some inclusive QCD studies, it doesn’t matter

— For invariant mass calculations from e.g. top—Whb, it will smear out mass distribution
if merging two “tree-level” jets that happen to be close

- Study og...see clear correlation between oy and whether jet is merged or not
— Can this be used to construct some kind of likelihood?

“Unmerged”, Jet Algorithm reports merging, all cone sizes “Unmerged” v. “Merged” sample
0.4 [ T T T | L — | L | LI — | LI I L —— ] 0.25 F L L L I LN AL
L Cone 0.3 Not Merged a1 0.20 F "Unmerged" sample Cone 0.5 jets _1
03 - r no merging ) + "Unmerged" sample, a1
C r with merging _
L Cone 0.5 ] 0.15 \ 1
0.2 ] C "Merged" sample 1
N _GCone 0.7 7 0.10 [ — e
ERS - ]
.
X% .
0.0 ; 1 |\XL Lyel |0|‘<>IA1 1 I 0.00 T R B Ll
T 0.25
o | | | | | ] : | | | |
C ] C Cone 0.7 jets  _1
03— Cone 0.3 Merged — 0.20 C ]
0.15— —
0.2 . Cone 0.5 ] F ]
Tr /)(*X Cone 0.7 i 0.10 :_ _:
0.05— —
) £2 FIVITIZ PN 1 X iQigloigioisis 0.00 ——1 -l i
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.6
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- Crude attempt at a likelihood

— Can see that for this (biased) sample, can use this to pick out “unmerged” jets
based on shape

— Might be useful in Higgs search for H— bb jet invariant mass?

T | T T T T T T T T | T T T T | T T T T | T T T T
P(non-merged)/P(merged) vs. GR
Jet cone Equal likelihood to be |
parameter merged and unmerged
0.3 0.155 .
o o« Equal likelihood —
0.5 0.244
0.7 0.292 N _ |
R=0.5 R=0.7 .
\
\
\ |
\
\
1 | 1 1 1 | | I 1 | 1 | 1 I\ 1 | | 1 1 | | | 1 | | 1
0.1 0.2 0.3 0.4 0.5 0.6
ORr
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Merged Shape N

* Width inn¢ (712e =0,, t0,, “assumes” circular

— Large deviations due to merging?

, S = O~ gy , ,
— Define o = should be independent of cone size
2
07777 + G¢¢ EET,i‘Sq)iéni
: o ” . _ ticl
- Clear broadening seen — “cigar’-shaped jets, maybe study... O, =— ”EEZ
T.,i
“Unmerged” Sample “Merged” Sample particles
. : : . . . . . . . . ; : ; C T T T T T I T T T T I T T T T I T T T T | T
i | | | ]
100 +R=03 = ¢ + R=03
: X R=0.5 E X R=0.5 :
10-1 ¢ R=0.7 _ 107! = ¢ R=0.7 —
! ******M** E - AR HEI DR :
3
-2 L 3 _ 1072 | ¥ 4 |
10 E +g3 §%+ §§ 5§+
;é §;+ +§ R
N Oxt b4
1078 = 5 7 E ; & E
o
1074 . Xty — 10074 = + % —
E Xo % 3 E (2] XX 3
10—5 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 10—5 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
D. 43

6n¢



