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- Leading tracks and track-jets at very low p-.
* Azimuthal correlations of jets widely separated in n
* Forward-Central Jet Correlations
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Normalized integrated event cross-sections of

leading tracks and track-jets at very low p




U" Introduction %

Analyses motivated by:

Jet production and the inelastic pp cross section
at the LHC

A. Grebenyuk®, E Hautmann®, H. Jung®<, P. Katsas” and A. Knutsson*

Abstract

We suggest that, if current measurements of inclusive jet production for central rapidities
at the LHC are extended to lower transverse momenta, one could define a visible cross

section sensitive to the unitarity bound set by the recent determination of the inelastic
proton-proicnn cross section.

arXiv:1209.6265v1 [hep-ph] 27 Sept 2012
Phys.Rev. D86 (2012) 117501
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U' Introduction

* Total cross-section for 2—2 process given by

> d’o
U(PT mt'n) :/ dpz / dy—
PT min g — dp% dy

(s

- Divergent towards low py;, and eventually the total 2—2 cross-section
becomes larger than the total inelastic cross-section.

« At LHC this happens around ~5 GeV at LHC.
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U' Introduction

* Total cross-section for 2—2 process given by

d?o

"-T(PT ﬂu'n) :/ dpz f dy
PT min g —oo dp% dy

- Divergent towards low py;, and eventually the total 2—2 cross-section
becomes larger than the total inelastic cross-section.

* Thus, in theory, the cross-section needs to be tamed.

. . . E ______ PYTHIA: {P_I_D= 0) MPl on, 22* ?
For example, in Pythia, the rise of the B -
22 cross-section is “tamed” by L — PYTHA:(p, = 0) -
B i <25 ]
1. Regularization factor for the cross-section E =
- - Oinet exp
4 10 =
as(pt + pro) Dy : E
o — 0 X T g3 i ;
as(p) (0} + ph) 1E E
where p;, is determined by tuning to data. 1L _
F Phys.Rev. D86 (2012) 117501 .
] - -HJ-E 1 | 11 1 1 11 I 1 1 111

2. MPI: <nyp> = 0y 501y, 1 10 10?
[GeV]

min
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> Introduction o

* Total cross-section for 2—2 process given by

> d’o
U(PT mt'n) :/ dpz / dy
PT min g —oo dp%' d'y

- Divergent towards low py;, and eventually the total 2—2 cross-section
becomes larger than the total inelastic cross-section.

Can be studied in a
range accessible by

* Thus, in theory, the cross-section needs to be tamed. the experiments.

E PYTHIA: (p_ = 0) MPI on, Z2* ?
For example, in Pythia, the rise of the E " .
22 cross-section is “tamed” by L — PYTHR:(p, = 0) -
1. Regularization factor for the cross-section E 3
- - Inal, exp E
. 10F _
Qs (Pt + Pro g =
o — 0 X S(p p) zthQ - .
as(p)  (p + pfy) 1L i
where p;, is determined by tuning to data. 10" _ _f
Phys.Rev. D86 (2012) 117501 E
. — -In-! | | 11 1 1 11 I | | 1 111

2. MPIL: <nyp> =0, /01, 1 10 102
P, [GeV]
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Tracks vs Jets

» Measurement possible to do with tracks and track jets.

Leading charged particles

Leading charged particle jets

Ly~ 104 E 3 L 104 E
'E E e PYTHIA: {pmx 0) MPI on, Z2* ; 'g ; ...... PYTHIA: (pm;t 0) MPI on, Z2*
© 10° L — PYTHIA:(p_=0) _ ™ 103 L — PYTHIA:(p_=0) i
. —LI_I_LL m__1<2.5 _ 10? _ . 1<2.5 .
E-.“h“"' ] Ginel E E-- T
10 ' E 10 N Jets with p, >0.4 GeV |
- i In, }<2.4 |
3 E Te ol .
107 _; 101 102 ; *;
3 § Pythia6 (Z2*) g
102 i ] 102 100 ; ----- R= 0.1 7;
1 102 1 - —R=05 :
pT min [GeV] pT min [GeV] 104 ;_ ---R=0.7 _;
o - -
. . . . '-g 2 [--- R=0.5/R=0.1 =
» Different shapes of the cross-sections. The jet events are shifted © 15 Fooposimer A E
towards higher values. More than just the leading particle clustered N E
in the jet. UE important for the jets. D S
1 10 102
pT min, leading jet [GeV]
» When radius parameter in the jet algorithm is decreased the
shape of the jet cross-section approaches the leading track
cross-section.
‘Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow 7



U' CMS and T2 Detectors

CMS DETECTOR STEEL RETURN YOKE Trackers |r]| <25
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?> ~9.6M channels
Magnetic field :3.8T ‘
SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

+/- 14m
TOTEM T2
5.3<In|<6.5
as MB trigger

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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U— Data and selections %

« Common CMS+TOTEM data taking. Run with very low pile-up at \s = 8 TeV (2012).
(Non standard high * = 90m optics configuration.)

* MB events triggered by TOTEM T2:
At least one track with p > 40 MeVin 5.3 <|n[ < 6.5

* Track selection:
In| <2.4, p,> 0.4 GeV

— Measurement of the normalized integrated leading track cross-section.
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U" Data and selections %

« Common CMS+TOTEM data taking. Run with very low pile-up at \s = 8 TeV (2012).
(Non standard high * = 90m optics configuration.)

* MB events triggered by TOTEM T2:
At least one track with p > 40 MeVin 5.3 <|n[ < 6.5

* Track selection:
In| <2.4, p,> 0.4 GeV

— Measurement of the normalized integrated leading track cross-section.

 Track-jets:
Anti-k algorithm. R = 0.5.

Input: Tracks with |n| <2.4 and p, > 0.4 GeV.
Jet selection: The leading jet in [n| < 1.9 with p > 1 GeV.

— Measurement of the normalized integrated leading track-jet cross-section.
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U" Data and selections %

« Common CMS+TOTEM data taking. Run with very low pile-up at \s = 8 TeV (2012).
(Non standard high * = 90m optics configuration.)

* MB events triggered by TOTEM T2:
At least one track with p > 40 MeVin 5.3 <|n[ < 6.5

* Track selection:
In| <2.4, p,> 0.4 GeV

— Measurement of the normalized integrated leading track cross-section.

 Track-jets:
Anti-k algorithm. R = 0.5.

Input: Tracks with |n| <2.4 and p, > 0.4 GeV.
Jet selection: The leading jet in [n| < 1.9 with p > 1 GeV.

— Measurement of the normalized integrated leading track-jet cross-section.

» Measurement corrected to stable particle level defined by cuts as above
(but with no p, or n restriction on the charged particles entering the jet algorithm)

Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow 11



U' Measurement

 Normalized integrated charged-particle or charged particle jet event cross-section as
a function of p; ., for events with a leading charged particle (jet) with p > p; ...

1 AN
D(prmin) = N Z APT, leading ]
CVENtS pry . dine>PTmin ( PT,leading

. Measurement to normalized to events (Nevems) with a leading charged particle
with |n|<2.4 and p; > 0.4 GeV

‘Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow
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U' Normalized Leading Charged Particle Cross-sections %

CMS Preliminary Inclusive pp Vs = 8 TeV CMS Preliminary Inclusive pp Vs = 8 TeV

2 = -
D> o Nen (P, >40 MeV) >0in 5.3 <n< 6'5_ or-6.5<n<-5.3 Dg C Ney (P, >40 MeV) > 0in5.3<n<6.50r-6.5<n<-53
k: 10 E Charged Particles, Inl <2.4 =10 = Charged Particles, Inl <2.4
— = [=) E
E . ke E r . .
a 1= o Lk Normalized cross-sections
A A E for events with a central
%10.1 - éw C ; leading charged particle
s T g8 a with p, > P1min S
(4] 2 L L ~ .
g £ o102 £ a function p_ .
T [ e CMS £ [ ecCMS Tmin
2,03 L — Pythia6 Z2* 3103 — Pythia8 4C
F " E --- Pythia6 D6T =10% &= ) .
g F .. Pythia6 (default, MPI on) 8 = ggg;?::g“ b
104 b - Pythia6 (default, MPI off) |wssscsuas N3 - > .
= | ----- Pythia6 (default, MPI off, no sat) _ 00 = Herwig++ UE-EE-3C :
(1] E
- o ©
@ . 3
1.5 ©
E 1.5
§ = S
0.5 :— = 1
T F 05
! 10 1 10
p,.  [GeV]
T
" pT min [GEV]

* Normalized event cross-sections.
— No sensitivity to particle multiplicities in events.
— Distribution converges to one by construction.
Looking for effects at low p_- MC scaled to data at Py =9 GEV.

» Large difference between models. Tune sensitivity.
 Pythia and Herwig do not describe the data. (*)
» Cosmic Ray Monte Carlos: EPOS good. QGSJET fails.
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U' Normalized Leading Charged Particle Jet Cross-sections %

CMS Preliminary Inclusive pp (s =8 TeV CMS Preliminary Inclusive pp Vs =8 TeV
bg E Ny (p,>40 MeV)>0in 53 <n<650r-6.5<n<-53 DE - N, (P, >40 MeV) >0in 53 < n<6.50r 6.5 < n<-5.3
= 10 Charged-Particle Jets, ml <1.9 = 10 = Charged-Particle Jets, nl <1.9
c g Anti-Kt, R = 0.5 c g Anti-Kt, R= 0.5
E - £ -
a” 1L S Normalized cross-sections
A Preliel. N for events with a central
10t a S0t L R leading charged particle
o = ) E o .
g - g - WIth pT > pT,min as
:61 0—2 L L CMS '610-2 B . CMS ! | ]
8" E Pythia6 Z2* 8% E . a8 4c = i a function p
= . 2 g Pythia8 4C T,min
~ [ --- Pythia6 D6T - ,
LY Pythia6 (default, MPI on) o [ - QGSJetll-04
O E  --- Pythia6 (default, MPI off) g 10" —EPOSLHC e
B -- Pythia6 (default, MPI off, no sat) b Herwig++ UE-EE-3C k=
10 |- MCscaled todataatp  =14.3 GeV e 10® & MCscaledtodataatp  =14.3 GeV i T
F | E ’ ! -
© n © n ;
e - el = 1
© 15 ® 15[ o L
s " B e T -
O 1 Fe - - (&) !
= ‘ I o =
0.5 . ____ S

1 10

pT min [Gev]

* Normalized event cross-sections.
— No sensitivity to jet multiplicities in events.
— Distribution converges to one by construction.
Looking for effects at low p,- MC scaled to data at Prmin = 14 GeV.

« Larger difference between models. Tune sensitivity.
 Pythia and Herwig do not describe the data. (*)
» Cosmic Ray Monte Carlos: EPOS good. QGSJET fails.
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. cMs, /|
Comparison Track vs Jet measurement Z

Leading charged particles

g P e T g pren e~ Different shapes for leading jets and leading
}?\E 10 E_ , Charged Particles, nl <2.4 _E ’\?\E 10 E_ Charged Particles, Il <2.4 —§ Charged particles-
£ F oL 3 [3 E ]
SRR ERE-IRY .
P e I 1 AN B T
I L EE T ;
S0l 1 E L . « More activity than just the leading track clustered
§ . oo . 1 3 . - Pymiasac E in the jet. Thus, UE important for the jets.
=1° £ T pythia6 D6T E <100 E - QGSJetil-04 E
% E - Pythia6 (default, MPlon) | E = E — EPOS LHC ] . .
10t g 1133312:22 (Gotauit MPI ot nosay 3 T T RemeiEERE T E — The p, is shifted towards higher value in
« y E ] E . . .
g s 1 8 jets compared to leading charged particles.
“E | ER | ; — Larger spread between different
! 10 b, [GeV] ! 10 b, [GeV] MC predictions in the jet measurement.
. . iati n MC an for th
Leading charged particle jets - I__a}[rger dewat:;)? tiﬁtweﬁ C(; a ?t_dlata or the
CMS Preliminary Inclusive pp Vs =8 TeV CMS Preliminary Inclusive pp (s =8 TeV Je S Compare 0 ec arge pa ICIesS.
Dg E Nm(pT>40MeV)>O|n53<r|<65-nor -6.5< n<-5.3 OE C Nc,‘(pT>4DMeV)>0in5.3<n<6.§or-6.5<n<-5.3 . ]
a3 EErt e e Ak Aos <t — MC somewhat better description of the
o 1L a” L charge particle measurement.
A Rl A E
':?;10“ é— o §1o" é ,,,,,,
g -z: « CMS g.zz « CMS :
§'0 F —Pythiag 22t $'7 F .pyhissac =
&'- 3 i - Eﬁ:::g ([:i?f-ault MPI on) 5'_ 5 :_ ---QGSdetl-o4 |
% 10" E __.Pythia6 (default, MPI off) 5 10F —EPOSLHC L.
Foooeee Pythia6 (default, MPI off, no sat) :_ F - Herwig++UE-EE-3C =~ "'ke-
10 E MC scaled to data atpy o =14.3 GeV 10* = MC scaled to data at pT,min=14'3 GeV b i
s E Ll s F Ll
8 15 © 15 e
S S
= =
E 0.5 X
1 1I0 1 1I0
pT min [Gev] pT min [GeV]
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Azimuthal decorrelations of jets widely separated in n




U" Physics Motivation %

* Forward Jets: C;:

Classic final state for studies of higher order QCD,
parton dynamics beyond DGLAP, BFKL effects.

Central or
 Azimuthal de-correlations between di-jets: Backward Jet
At LO: Agp =180
Higher order reactions: A¢p < 180
In DGLAP the momentum balance between the two jets is
expected to be more conserved, while H.O BFKL emissions
expects to give a flatter A distribution.
Forward Jet
Additional effects from using unintegrated gluon densities.
Input k, from gluon PDF >0 — A@ < 180 already at LO b
é Q>5 GeV, R=1 7:31?6
« Jets with large rapidity separation: £ A e
Large rapidity range between jets to further open up phase ) z
space for more emissions. z S
)
Larger separation between jets — more decorrelation in Ag. _'g

Ad

‘Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow 17
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Measurement

« s = 7 TeV, Luminosity = 5 pb

 Calorimeter jets - anti-kt algorithm with R=0.5.

- Events with at least two jets with p, ;>35 GeV and |n|<4.7.
The two jets with largest rapidity separation selected.

» Measurement corrected to stable particle level

» Observables:

- Azimuthal angle between the two jets with
largest rapidity separation: : Ag

- Fourier coefficients, C : da/d(A@) ~ > C,, cos(mm —A@)

C, = <cos(t - Ap)>
C, = <cos(2*(m - Ap))>
C, = <cos(3*(m - Ag))>

CMS-FSQ-12-002

Previously measured
up to Ay < 6.0.

|an| <6, E_ >20 GeV, E__ > 50 GeV
T1 T2

A [ .
g e Vs =1.8 TeV
‘.:-:’ [0 I o
- Ratios C,/C, and C,/C, ’ % |
[
-
These quantities are measurement in 3 bins T :
of rapidity separation between the jets: 0 <Ay <3 e ) ¢
3 < Ay < 6 AHERWI=
6 < Ay < 9.4 U BFKL(Del Duca & Schmidt) i
E Correlated Systematic Error
P I M h—— sEEE I L
: , i
Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow 18



U’ Azimuthal decorrelations — A %

CMS-FSQ-12-002

CMS Preliminary, Ws=7 TeV.det =5 |::l:i1 CMS Preliminary,\s=7 TeV.ILdt =5 |::;t:i1
o LA L L L L B N S LA L L B L LA B LN N . . .
B (=1Data < 2 Egﬁﬁias " g Events with at least two hard jets with
CEN _m::zg s Irs Pythia 8 4C = In|<4.7 and Pt jer™ 39 GeV
o 11 — Herwig++ 2.5 1, 5:_ — Herwig++ 2.5 E i
i — Sherpa 1.4 ] r — Sherpa 1.4 myelier-Navelet dijets -
Cascade 2 1 1a Pr> ?fjs‘:eﬁe:‘fj; <a7-
e el diets IRRrs -4 Measure azimuthal difference between
Py >35GeV, Iyl <47 S i the two jets with largest rapidity
1 eae : separation selected.
e e T P PR - Oj}; el ] . . .
- S SNALARAA AR naRRn nnnnn: I o ———————————— e« Larger azimuthal decorrelation with
& [ [*]Data 1 «22- Data E . .
. - Pythias 22 - —Pythia6 22 | increasing Ay
3“—6’ Pythia8 4C = 7 Pythia 8 4C ]
T 1 —— Herwig++ 2.5 = 18 —Herwigs+ 25 7
-~ — Sherpa 1.4 = —Sherpatl4 -
Cascade 2 1 14t Wuelleraveletdiiets 1« Herwig++ provides the best description
ot . 1.2; ) P; > 35 GeV, |y|<4.‘.~'_f Of data
; ] 1
ey ee 1 o - Pythia6/8 too large decorrelation
P; =35 GeV, ly| < 4.7 F
102:_........|....|....|....|....? O'E'_.. P PR I R BRI
3 E""E " ®=@oata ] « Sherpa with 4 final state
= | Data 18 — Pythia 6 22 - i
4% | —Pythia6 22 | Sa25- bythia s 46 . partons — too much correlation
RS Pythia 8 4C E i —gﬁrwig?f-ﬁ ]
- — Herwig++ 2.5 : o — Sherpa 1. E ks N
erwig++ 1 = witernaveenapes | ° CASCADE - k-factorization based
[ P> 3500V Iy <47 (CCFM) — too strong decorrelations
107 ey E =L 7]
— ' Mueller-Navelet dijets - i
e 6<Ay<9.4 ]
Pr>35GeV, ly| <47 - 1
102:—........I....I....I....I....? _......................
0 0.5 1 1.5 2 2.5 &3¢ 0 0.5 1 1.5 2 2.5 ﬁaq}
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U' Azimuthal decorrelations — AO and MPI %

CMS Preliminary, \Vs=7 TeV,_[Ldt =5pb’ CMS Preliminary, \s=7 TeV.Jldt =5pb’
'Tﬂ |||||||| ||||||||||||||||||_ g _III|IIII|IIII|IIII|IIII|IIII|
€ ' [e]pata _;"{ g 2 [e]Data
82 — Pythia6 Z2 ‘/ 2 : —Pythia 6 22
5 ythia 18-  —Pythia6 Z2 no AO

— Pythia 6 Z2 no AO
Pythia 6 Z2 no MPI

Pythia with and w/o
angular ordering (AO) or MPI.

Pythia 6 Z2 no MPI

Mueller-Navelet dijets
O<Ay<3
Py =35 GeV, |y| < 4.7,

| Mueller-Navelet dijets
10 0<Ay=<3
© Py>35GeV, |yl <47

/

|

» Switching off angular ordering or MPI

0.8

—102: T N P R N < I AT I N

s ErrrrrrorTo | T | o T T T

ko - [*]pata ] Ez:— [¢]Data

-3‘:% : — Pythia 6 Z2 g r — Pythia 6 Z2 i tely th lati
‘_l;-a' vt 1.8 — Pythia 6 22 no AO - dpproximately e same correiation

'c — Pythia6 Z2no AO

Pythia 6 Z2 no MPI

Pythia 6 Z2 no MPI

Mueller-Navelet dijets
3<Ay<b
Pr>35GeV, ly| < 4.7

at small Ay

-
+1]
T T

- stronger correlation at
medium and large Ay

10
m Mueller-Navelet dijets

J=<Ay=H

O 14 ]
L P, >35GeV, |y| <4.7 L ]
L | o8k -
107 I IR U | | | d < C P IR | | | [
= T - A I I T T T
5T E|Data 3 []Data .
P ) S I — Pythia 6 Z2 1
o5, — Pythiab 72 7| Tes —Pythia6 Z2no A0
— Pythia6 22 no AO = C Pythia6 Z2 no MPI ]
Pythia 6 Z2 no MPI 7 2- Mueller-Navelet dijets -
_ i 6<Ay<94 ]
10! _ P, >35GeV, |y|<47 -
s 2 Mueller-Navelet dijets
i + 6<Ay<9.4 ]
P, >35GeV, |y| <47 -
wzo__"'ols""%""1'5""5' "'2'5""5_E
. . 5 %

‘Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow 20



oy

Cy=<cos(N(m-Agp))>

CMS Preliminary, \s = 7 TeV, Jldt =5ph”

1.4

CMS Preliminary, \s = 7 TeV, ILdt =5pb”

z.,C, - 5 A7 GloAtA | —shempaté - - Fourier coefficients, C_, expected to
< s " 1 iz ] agn .
L TTTes, Mg |10 Cascaded BIBAGCNLY be sensitive to properties of non-
-§-'u.a— :ii*f ' ] *g ey, AR S ] collinear dynamics
Vo Ty Voo B C, = <cos(T - Ag)>
. [E1oAta o e ¢ w2 C, = <cos(2*(mr - Ag))>
"L — Pythia 6 Z2 ] ’ _
P:tth;: 8 4C 1 04— Mueller-Navelet dijets C3 - <COS(3*(1T = A(P))>
02 __ Horwig#+ 2.5 . oz: P, > 35GeV, |y| <4.7 _
a1 1 1 ] 1.‘1: L | | L L ] . . . .
2.C, © A oA | sherpeta - * Herwig++ and Pythia6/8 qualitatively
z [ Mueller-Navelet dijets ] <l1 12—_ Cascade 2 MBFKL NLL* _— descrlbe CN =< cos ( N ( m— A(p ) ) >
HG'BI"‘I ., Pr>35GeV, Iyl <4.7 '5-‘ 1 Mueller-Navelet dijets .
Il - 1% & P, >35GeV, [yl <47 .
o5 =, 1ogu e . » Sherpa overestimates the data
v T=a, 1V o — B 1
r (=] DATA T—e 06 ., — S - ]
4T Pythiab 22 ——t= y: L e * CCFM based CASCADE predicts too
Pythia 8 4C ] 4 PO .
92 Horwigss 25 1 weak angular correlation
e e e e T S A « BFKL NLL calculations
21+ C; [Eloan -z - [epAa  —Sherpaid (arXiv:1302.7012 [Ducloue et al])
<|1 [ —— Pythia6 Z2 1 |t Cascade 2 [*|BFKL NLL+ only valid for Ay> 4
Eos Pythia 8 4C E r - -
= —— Herwig#+2.5 18 ’ ucller Navelet diets - parton level predictions. However,
gos e Sy Pr3sCe <47 small effect from hadronization
[ T, 1o e | compared to systematic uncertainty
M ., - e e, - Too strong angular correlation
02 masmemiedr 4 - Tt VR compared to data
0_ TR | | TR 1 | — i | | |
0 2 4 6 N y % 2 4 6 N y
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C,/C, and C,/C,

CMS Preliminary, \s = 7 TeV, _[Ldt =5pb”

CMS Preliminary, s =T7TeV, _[Ldt =5 ;:-l'}'1

S VT e g e e DGLAP contributions are expected
¢ EI DATA 1 Tw 1 Mueller-Navelet dijets — t I'tl I . th C IC t-
o' 1 — Pythia 6 22 T s a5 0ouy<ar o partly cancel in the C_,,/C_-ratios.
. Pythia 8 4C 1 sl Tve—— o N
S — Herwig++ 2.5 E ' S T o .
it ““44.4.. +  C,ylC,described by LL DGLAP based
“F Tt 1 osp Rt e e
3 —o ] generators towards low Ay
. ___4'_"'_ 4 ' i 04 _:
O eerNaveletdlets  —— i | [Joata  —Shepats Pythia8, Pythia6 Z2 overestimate C,/C,
05  P;>35GeV, |y| <47 ] - : Cascade 2 [*]BFKL NLL+ - o Herwig++ underestimate C2/C1
e B T T S I e e e
A A .
d Yo Sherpa overestimates data
reliminary, Vs =7 Te = . reliminary, s = 7 TeV, = A .
s ,,ﬁ'&‘?,f‘,,',‘,f,,,’%f,,I’,T,‘,”,IL,'?‘I,,?'?T,,,,I,_ 5 ...f'f'.s.f'..'.'.f...".'l....,T.T.‘.'IJL.’f‘I.."“.'.“T'....,._ « CCFM based CASCADE predicts too
=, f [+ ] DATA 1 Te 1 Mueller-Navelet dijets — sma" C IC
O 1 —— Pythia6 Z2 B © P > 35 GeV, |y|<l4,7 1 1" n
0_93_ Pythia8 4C E 0.8 }TTT? _ ]
E —— Herwigt+25 - : TTTT?-,-Q_K_ + « At Ay > 4 theoretical BFKL NLL
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Cyand Cy,,/Cy — AO and MPI

CMS Preliminary, \s = 7 TeV, _[Ldt =5 ph'1
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Forward-Central Jet Correlations




> Forward-Central Jet Decorrelations o

Different scenarios

Data
, 3 : 1) Inclusive fwd+cntrl jets
3.2 pb™* from 2010 low pile-up pp
collisions at v/s = 7 TeV 2) Inside jet veto
. . .. <20 GeV
Physics selection (P ingide e eV)
Events with at least one forward 3) Inside jet tag
(3.2 < |n| < 4.7) and at least one (P jnside jot > 20 GEV)

central (|| < 2.8) jet with pr > 35 GeV 4) Outside jet tag

> 20 GeV)

(pT,outside jet

Y
\__I'
P

2

central jet central jet

e {)
P

4

central jet central jet

Qutside jet

The inter-
leading jet
region

forward jet forward jet forward jet forward jet

P P [ P
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0.4<An<25

45<An<7.5

CMS Preliminary, pp — 2 jets + X [INGLUSIVE] \ME=T7TeV  CMS Preliminary, pp — 2 jets + X [INCLUSIVE] \E =T TeV
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« All MCs describe the data, considering
the fairly large experimental uncertainty

Ag in bins of An
for different scenarious
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Position of inside jet

H* = Winside—jet — (?}'centmf—jet + Tffﬂrwurd—jet)/z

Position of inside jet expected to give additional sensitivity to PS algorithms and color coherence effects.

CMS Preliminary, pp — 2 jets + X [INSIDE-JET TAG] Vs=T7 TeV CMS Preliminary, pp— 2 jets + X [INSIDE-JET TAG] s =T TeV
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- ) : —— Herwig 6 >
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CM3 Preliminary, pp — 2 jets + X [INSIDE-JET TAG] Vs=T7TeV CM3 Preliminary, pp— 2 jets + X [INSIDE-JET TAG] \s=T7 TeV
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g 25 p';_“'““'“‘ =35 GeV, ] <2.8 Pythia 6 - P11 Tune g 25— p';wu-m =35 GeV | <28 Herng B
[~ forar [~ v < . :
= - 8 s 35 GeV 3247 csssrsses Pythia 6 - AMBT Tune = - P 35 GeV B2 <47 — Herwlg + forward Jet_
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o ' ——— Pythia 6 - 22" Tuno o ‘ ——— Pythia 8 - 4C
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1.5 15—
1: 1: - _ H
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n n

* MPI largest at central n*.
» Again, large exp. uncert — MC not separable
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Position of outside jet

ﬂ’?aut = min( "?ﬂufsid&'—jet - ﬁ'cemml—jetlr |7}'autside—jef — W forward—jet )

Expected to give additional sensitivity to PS algorithms and color coherence effects.
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Monte Carlo describes the data.
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forward jet
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Summary / Conclusions
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U' Summary and Conclusions

» Leading track and leading track-jet event cross-sections at very low Pt

- Probe the transition from the pertubative to the non-pertubative regions, and are
sensitive to the “taming of the cross-section”.

- Difficult to describe by MC models. Cosmic Ray MC EPOS best.
- Difference between the charge particle and the charge particle jet measurement. Jets larger

sensitivity to MPIl and UE — larger separation between tunes and models.

« Azimuthal correlations of jets with large rapidity separation

- Azimuthal correlations measured up to Ay < 9.4,
- Herwig best. Pythia too decorrelated.

- Largest contribution from MPI at small A and large Ay

* Central-Forward Jet Correlations in different scenarios

- Also properties of additional jets measured
- MPI contribution largest at central n* (position of inter-leading jet)

- MC describes the data within large exp. uncertainty

Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow
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Outside jet p-

CMS Preliminary, pp — 2 jets + X [OUTSIDE-JET TAG] We=7TeV  CMS Preiminary, pp— 2 jets + X [OUTSIDE-JET TAG] Wa=TTeV
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CMS Preliminary,\s = 7 TeV L=3.2pb" pp— 2jets + X Anti-k; (R=10.5)
E‘I 012 i_ —_— Herwig 6 —'— Inside-jet tag scenario(x10000)
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 All tested MCs describe the data, considering
the fairly large experimental uncertainty

Albert Knutsson MPI@LHC 2014, 3-7 November, Cracov

CMS Preliminary, pp — 2 jets + X [INCLUSIVE] Ws =T TeV

= Ly, =3.2 pb”, Anti%_(R=0.5) —f— Data
< 25 p*>35GeVand <28 H
a “¥L I —— Herwig 6
i Cp* =35 GeVand 3.2 < In| < 47 .
g N Herwig ++
2l ~——-— Pythia 8 - 4C
1.5
SR T R T
0.5 )—=|=_=‘_4_{-|’—‘:':
ol Lo b b Lo Ll
0 0.5 1 1.5 2 2.5 3
Ap [rad]
CMS Preliminary, pp — 2 jets + X [INSIDE-JET VETO] WE =T TeV
"E © Luy =3.2 b, Antik_(R=0.5) —¢— Data
< o5 p*>35GeVand <28 H
a Lo T erwig 6
S Cp* =35 GeVand 3.2 < n| < 4.7 .
= C Herwig ++
2l ~——-— Pythia 8 - 4C
1.5
1- T
0.5= T 1 R
— I__T._
C L} —
u_...I....I...I....I...I....I.
0 0.5 1 1.5 2 2.5 3
Ap [rad]
CMS Preliminary, pp — 2 jets + X [INSIDE-JET TAG] WE=T7TeV

< [ L,=32pb" Antik (R=0.5) —g— Data
<L 35 p7'>35GeVandfn| <28 Herwig 6
S Cp™ > 35GeVand3.2< | <47 :
g T s H@rwig ++
21 -~ Pythia 8 - 4C
1.5
1_:%_. ————————o—
e ——
L"_l_
0.5
u: | P I TR T AN TN T T A | P
0 0.5 1 1.5 2 25 3

Ap [rad]



U' Saturated uPDF

« Tame the divergence by using saturated PDFs.

« CASCADE. KT-factorization based MC generator.
Low-pT behavior from:
- ME dependence (low-p_rise from k_ << p_, slower rise for k_)

- unintegrated PDF f(x,k_,u) - suppression of uPDF at low k_

e i _ — 10
Modification of uPDF such that it = 10°F o PYTHAC 5+ ) MPIon 22
goes to 0 for kT — 0. E r

. o 10° —— CASCADE: k=4 GeV i

E for k — 0: : =

__ 1u2 :_ |T‘|j“|"-'-'2.5 -

E uPDF A E —

] - inel

= 10 & =

: I 1 = =

E - -

] 4 KL, GeV 107 _

10.2 L1 1 1 1 il B |
1 10 10?
F:'T min [GEV]
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Normalization discuss ?

> 5 " Phys.Rev. D84 (2011) 054001 ]
S 1wk ATLAS - Cross-section of jets with
= F 3
= - i 4<p_<100 GeV
T 102k R=06  _ T
g F 3 nl<1.9
6 10 S _
& 3 MC area normalised to data.
T8 e Data 2010 »JE—?Teu: " E -
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Older measurements from CMS
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Forward Jet Measurement

Events with at least one jet with 3.5<|n|<4.7 and p,;,;>35 GeV

CMS, pp—jet +XNS=7TeV,L,, =314 pb’

o(Theory) / o(Data)

= | 1 Daa
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(‘15-" 107} ——- PYTHIAG (Z2)
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« All predictions describe the data within the uncertainties.

* NLO prediction (NLOJET++) too high, but agrees with the data
within the large theoretical and experimental uncertainties.

« NLO+PS (POWHEG+PYTHIAG6) best.

JHEP 1206 (2012) 036
arXiv:1202.0704
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Forward+Central Jets

oy

Events with at least one jet with
CMS, pp— jet, - +jet +X,\V5=7 TeV, L, =3.14 pb”

L 4
CMS,pp— jet,_+jet_ +XNs=7TeV,L, =3.14pb
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JHEP 1206 (2012) 036
IarXiv:1202.0704 |
Albert Knutsson MPI@LHC 2014, 3-7 November, Cracow 38



5 Forward+Central Jets o

CMS, pp— jet,_+jet_ +X\5=7TeV, L, =3.14pb’ CMS, pp— jet,_+jet_ +XN=7TeV, L, =3.14pb’
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Inclusive over Exclusive Di-jet Cross-section

Jets reconstructed with the anti-kT algorithm (R=0.5)

Pejer>35 GeV and |n;|<4.7

Observable: Rapidity difference between jets, Ay

Inclusive jets: All jet pairs in the events considered
Exclusive jets: Events with exactly two jets above the threshold

Mueller-Navelet jets: Most forward and backward jet in the inclusive sample

R Odijet (inclusive)
N 0 dijet (€xclusive)
R Tdijet (MN)
Odijet (€xclusive)

g
=
oc

5 CMS. pi

[TTTT T TTTT I TTTT II LI I T T TT I TTTT II TT
- W] 20100
4 5 PYTHIAG Z2
C emmmmmms PYTHIAB 4G pTIJ
4 e HERWIG ++ UE-T000-EE-3 ¥
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F = mme==: CASCADE -
- - :
g E'J el
= -
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- oo
2F pet -
11 11 I 111 1 I 11 1 1 II 11 1 I 11 11 I 111 1 II 11

* Increasing Ay — Larger phase space for radiation
 Pythia6 (Z2) and Pythia8 (4C) agrees well with data

* Herwig++ (EE3) and HEJ+Ariadne too high at high Ay
» Small effect from MPI (not shown)

» Cascade off

Eur.Phys.J.C72(2012) 2216
arXiv:1204.0696
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U' MN over Exclusive Di-jet Cross-section %

Eur.Phys.J.C72(2012) 2216
arXiv:1204.0696

Jets reconstructed with the anti-kT algorithm (R=0.5)
Pejer>35 GeV and |n;|<4.7

Observable: Rapidity difference between jets, Ay

Inclusive jets: All jet pairs in the events considered
Exclusive jets: Events with exactly two jets above the threshold
Mueller-Navellet jets: Most forward and backward jet in the inclusive sample

CMS, pp, IIE — ? Tev rT1TTTTTTTTTTTTTITTTITI I(:I:-':J!ISI: IF::‘E':I?'IEITITI-II—?F

rrryrrTTprTTTTTTTT T T T T T T T T T T T T T T T 1

N 7] 2010 data dijets 1 ] aata dijets, RMY 3

O diiet (INNClUSIVE — ormee=s p._>35Gev o — PYTHIAEZ2 p_>35GeV

R = dijet ( ) " PYTHIAB 4C Tyl<a7 == PYTHIAB 4C lyl <4.7 .
. =n HERWIG++ UE-TODMI-EE-3 ] ]

O-dij et (eXCIUSlve) == HEJ + ARIADNE m HERWIG++ 1

=: CASCADE _E i

g _caalN L
— == - [—— i .

O dijet (exclusive) ; : ~

» Low Ay: Ratio(MN/exclusive) per definition smaller than Ratio(inclusive/exclusive)
* High Ay: Ratio(MN/exclusive) per definition same than Ratio(inclusive/exclusive)
* MC data comparison: same conclusion as on previous slide

General conclusion: No visible effects beyond collinear factorization + LL parton-showers
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