Measurements of forward energy flow

and forward jet production with CMS

H. Jung (CERN, DESY)
on behalf of CMS

H. Jung, Measurements of forward energy flow and forward jet production with CMS, 23. July 2011, EPS2011



Why forward 2

& accessible x values at Vs =7 TeV
P, central (n=0) forward (n=4)
2 GeV 5 104 2102, 1107
35 GeV 1 102 0.4,2 10
g 10 ;
B e RO~
I 102: Q**2 = 4900 GeV+*2
s : Q#**2 =4 GeV**1
O
P
> study of small and large x !l g SE—— '

A1 A q 1 1140 1 28 1 | 11 1 1 I 11 1 1 i |
10 167> 10 107> 1072 10

H. Jung, Measurements of forward energy flow and forward jet production with CMS, 23. July 2011, EPS2011



Strategy for small x measurements

min bias (soft hadrons)

scale central (activity)  forward (activity)
small  small small: energy flow
larger large: high p, dijets small: energy flow
large large: W/Z small: energy flow
large - large: high p, jets
large large: high p jet  large: high p, jet
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Energy flow measurements

> measurement of 1 d&

N dn
> minimum bias events  ° central dijet events |n|<2.5,
c||' 1/'5 =0.9 (7) TeV E. > 8(20) GeV atVs=0.9(7) TeV
e 2
B - .

A y 2
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° trigger: charged particles in forward/backward region (3.9 <|n |<4.4)
> systematics: energy scale uncertainty — 10 %

> model uncertainty — 3 - 8 % minimum bias, — 4 - 18 % jets

° total 11 - 14 % for minimum bias, 13 - 22 % for dijets
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MinBias energy flow measurement

1/N (dE/dn) (GeV)

MC/Data

H. Jung, Measurements of forward energy flow and forward jet production with CMS, 23. July 2011, EPS2011

—&8— Corrected Datay/s=7 TeV

—il— Corrected Datay/s=0.9 TeV
Pythia6 Tunes

— Pythia 8

------ Herwig++ (MU900-1 resp. UE7-1)
------------ Pythia6 D6T - no Ml -\s=7 TeV
CILILE Pythia6 D6T - no MI -y/s=0.9 TeV

Minimum Bias

1 02 I SR | ;l'l'l'l'l'l'l'"l'l'l'l'l'l'l% .............
— ; i':':':':':':*:':':':':':'E + *
| E I I
= ITIETETEEIEY - CMS Preliminary
_I_I_L_._L._ﬁ_._ﬂ_._.!_,_.l._._l._.i ] L1 1 L 1 1 L 1 1 L 1 1 L 1 1 L 1 1 I | |
:;: I I I I I I \E=n.5|Tev
I E— | EEUERRE R — | T | [ *
0.6— ot
:;: WE=7 TeV
u.g: H .............. *"";i ...... * ------ -: ______ +. _____ 'i. ...... +. .......
S Y AEEYE A A AATAEAE SMI

CMS-PAS-FWD-10-011
R
—t

p

energy flow measured at

Vs =0.9 and 7 TeV

rise with 1 corresponds to
flat E-flow at ~ 2.5 (6)

GeV

change in E flow from

Vs =0.9 and 7 TeV similar

to change in N

at Vs =0.9 TeV similar to
UAT measurement.



MinBias energy flow measurement

CMS-PAS-FWD-10-011

1/N (dE/dn) (GeV)

MC/Data
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MinBias energy flow measurement

CMS-PAS-FWD-10-011
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Dijet energy flow measurement

CMS-PAS-FWD-10-011
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Dijet energy flow measurement

CMS-PAS-FWD-10-011
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Dijet energy flow measurement

CMS-PAS-FWD-10-011
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W/Z & torward energy measurement

> measure W/Z with lepton in |n| < 1.4

» correlations with central track multiplicity
(not shown)

® measure energy in

Hadronic Forward Calorimeter (HF)
in (3.0< |n| <4.9)
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W/Z Energy flow measurement
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* large differences in small and
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W/Z Energy flow measurement

CMS-PAS-FWD-10-008
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o energy distribution in forward/backward region strongly correlated

> energy spectra and correlations are not well modeled
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Jets in forward region

® inclusive forward jets ® associated forward & central jets
@ E > 35 GeV (anti-kt, R=0.5) @ E > GeV (antikt, R=0.5)
03.2< |nf| <4.7 @ |n| <2.8and3.2 < |n| <47
foryard jet forward jet
< @
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Inclusive forward jet measurement
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Inclusive forward jet measurement

CERN-CMS-note 2011-004
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Forward and central jet measurement
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°* associated central & forward jets
measured with pt > 35 GeV

* |argest uncertainty: Jet energy scale

* large spread in theory predictions
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Forward and central jet measurement

CMS-PAS-FWD-10-006
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o differences between PYTHIA - HERWIG e HEJ(at parton level): within
experimental uncertainties

o differences also in POWHEG prediction o
using PYTHIA/HERWIG o CASCADE: larger deviations to data

=»room for improvement
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Conclusions

* first measurements from low to high pt in forward region

> energy flow in minimum bias, dijet and W/Z events

> continuation from measurements at low Vs in pp and HERA

* inclusive forward jet and associated forward-central jet cross
sections

* test of small and high x PDFs as well as small x predictions

* inclusive measurements can be described (1) with

* NLO, MC + PS + MPI and small x improved MCs

» correlations between central and forward region are
challenge for theory |
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LHC is small x QCD machine

J. M. Campbell, J. W. Huston, and W. J. Stirling.
Hard Interactions of Quarks and Gluons: A Primer for LHC Physics.

 LHC can access lowest x values Rep.Prog.Plys, 0:89, 2007
LHC parton kinematics

o for central W/Z production at 10 g
L x,, = (M/14 TeV) exp(+y)

/ TeV: x ~ 0.01 lO’iE Q=M M = 10 TeV
14 TeV: x ~ 0.000 107;_
o at forward rapidities (7 ~ 9): o
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o for central jets with p, > 20 Ge\b E
/7 TeV : z ~ 0.006 ’ E 6 a2
14 TeV : x ~ 0.003 10 ?M:locé
* at forward rapidities (7 ~ o ): 10' | HERA 2?;;
7 TeV: r~4-107°

. 107 10° 107 107 107 107 10" 10"

14 TeV: x~2-10" x
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