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Overview
CMS M&O UK

Focus on:

e Standard Model measurements
* Top physics

 B-physics

e Higgs (125 GeV)

Emphasis on areas with significant UK involvement/
rye leadership
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UK in CMS

Only 4% of the collaboration but lead critical aspects of detector design, driven by physics goals —>
mission-critical operational responsibilities, over full lifetime of experiment.

Continually held significant roles in detector operations, upgrade and Physics.

System managers - currently L1 Trigger project, formerly HGCAL, ECAL

Coordination areas - Currently Trigger co-ordination, formerly (in last 3 yrs) Run coordination

Physics groups - Currently SUSY group convener, LHC Higgs WG convener, formerly Exotics
- Subgroup leadership; lead majority of analysis sub-groups (L3) in which we participate

MB, XEB members - Diversity office chair, engagement office, formerly CB secretary/deputy, spokersperson
advisors

Numerous L2 positions - L1 trigger, tracker, data preparation, computing
Significant M&O responsibilities in ECAL, L1 Trigger, and Tracker.

Phenomenology - dark matter model building, interpretations, global fits of SUSY and Dark matter models
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CMS Operations: L1 Trigger

¢ Have been instrumental in L1 project in all
areas (software, firmware, hardware) since
design stage and throughout Phase 1.

e c.g UK team designed and implemented
brand new online software framework
for entire L1 trigger. (SWATCH)

e Provided on-call support for Layer
2(algo layer, UK project) of calorimeter
trigger throughout Run 2, will need to
continue during LS2 and Run 3. Critical
system for running of CMS.

¢ Ran yearly workshops to train new UK
PhD students and postdocs in
operations/debugging issues.
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CMS Operations: ECAL

« UK led the design and construction of the ECAL
Endcaps (EE)

« UK responsible for EE HV system operation and
maintenance. Must provide 24/7 round-the-clock
on-call support during data-taking.

+ Has to continue during Run 3

+ Students on LTA encouraged to contribute

- UK heavily involved in EE performance cMs Preliminary
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optimisation during Run 2, and preparation for Run

EB: 90%
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high eta:
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* In particular focus now on understanding and

treating effects of large response losses including

LeC |u||||||Ub|Ly
(1033 cm2s1)

predictions for Run 3.
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CMS Operations: Tracker

+ Since design stage UK has held responsibility for
Tracker readout. Maintained 24/7 on-call coverage
since Run 1 and must continue to Run 3.

s

Hits per Track vs LS
278808 278406

» Long held expertise in APV readout front-  preamprecovery * A % |
end chip has helped mitigate operational i
issues. Need to maintain expertise during
Run 3.

- Maintenance (hardware, firmware, software) of
the 500 Tracker FEDs

 Currently providing Detector-On-Call (DOCs) as
well as LS2 support for P5 activities.
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Physics (CMS+ATLAS)

Standard Model, Top, Higgs (125 GeV), B-physics
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Summary of Standard Model measurements

¢ Probing over 14 orders of magnitude in
cross section

Standard Model Production Cross Section Measurements Status: July 2019
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¢ Inclusive to differential measurements

* Probing regions of phase space also useful
for searches beyond SM



Summary of Standard Model measurements : UK effort
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Standard Model Total Production Cross Section Measurements status: July 2019
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Top Quark Production Cross Section Measurements
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Summary of Top results
Full Run 2 : L ~ 140 fb-1

e ~120M tt pairs
¢ ~30M single tops
e ~120k ttZ, tZ..

Status: November 2018
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ATLAS  Preliminary
Status October 2018
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Large dataset in Run2 and beyond allows

IV,

- ultimate precision (top mass known to 0.5 GeV (< 0.3% precision) )

- study properties and coupling

- probe low cross section processes (tt+X,t +X, 4-tops)
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Summary of Top

Top Quark Production Cross Section Measurements
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Status: November 2018
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ATLAS Preliminary

Run1,2 s =7,8,13 TeV
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results : UK effort
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spin correlation at
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Summary of Top results : UK effort

top quark polarization and spin

correlations at 13 TeV Search for 4-tops (tttt) at 13 TeV
(CMS-TOP-18-006) (CMS-TOP-18-003)
CMS 35.9 fb” (13 TeV)
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Summary of Higgs results

Discovery era

Precision era

Higgs profile

Mass
Width
Couplings

Inclusive/differential
cross sections

Quantum numbers
Combination

-2 AlnL
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N w H [¢)] ) ~ (o]
T T T

— Combined (stat. only)

NN

120 121 122 123 124 125 126 127

Higgs mass, ~200 MeV precision,
dominated by statistical uncertainty

Width: (CMS) 0.08 < 'y < 9.16 MeV (SM: 4.1 MeV)

my (GeV)

13

3rd-generation

Couplings to 3-rd generation (top, b, tau)
Discovery—> properties

5.1fb7 (7 TeV) +19.7 o™ (8 TeV) + 35.9 b (13 TeV)
T

35 T T T T T
E CMS — Combined

----- SM expected

=t — 13TeV
L/ 5.20 —7+8TeV

Rare decays/production

Observation of 2nd generation fermions
Constraining invisible decays
self-coupling

decays to mesons



Summary of Higgs results : UK effort

g
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Summary of Higgs results : UK effort

CMS-PAS-HIG-18-018

| ) HIG-18-029
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© FHH fo=17 All categories 3 CMS Ppreiiminary ' _ '77.4'- fp '(13"|-€"V)
CMS-HIG-17-031 O ssEHoy ™ S/(S+B) weighted 3 H—JYY T T T T
35.9fb" (13 TeV) % = ¢ Data = L —=— QObservation |
Mu- S 1 i 253_ _g;?k round _i ggH 0J 1'18?'.22:
D 1o region i E 20;_ o g _f — o6 . SM Prediction ]
........... 26 region -g’ E +2 5 E ggH 1J low 1.3 55
est i o : E — m,, profiled ]
* S = Lk 3 ggH1Jmed | o7 WP
Y SM expected a 3 | : 1
+ = .
i 2 3 ggH 1J high | 1.7
%] L |
ggH GE2J | 08¢
I E ggH BSM | 227 —a—
5 E — —
] 0 qgH | o0s%;
-5 T S| P I RN RV R
0000 120 130 740 150 160 170 180 -2 0 2 4 6 8
- m,, (GeV) Oproc/ Otheo
i DH—)bb DH—)‘ET i F
0.5 N
L DH—)ZZ DH—WY |
- [JH->ww [Jcombined . ‘ VBF H—>inv and combination H—>tau tau (simplified template cross sections)
[ BN HR
05 1 15 2 CMS-HIG-17-023 CMS-PAS-HIG-18-032
KV 4917 (7 TeV) +19.7 b (8 TeV) + 38.2 b (13 TeV) 77.4 1" (13 TeV)
\ . . . z: 0 \ \ ]
Best fit ratio of signal yield to SM 2 ol CMS E Eroiminary
expectation is y = 1.17+£ 0.10 T osr O E ————— T, 148750
by ’ F -« Median expected
~ % 0.7? .68% expected i UTh 0.43 +g§g
s 0.6F 95% expected B
E sl E .
£ 05 et 0.28"0%
o eu 139708
2
| | 1 Inclusive  0.75 *g};’
OCc»mbined7+8+13TeV Combined 13 TeV ~ Combined 7+8 TeV I I T T T
0 0.5 1 1.5 2 2.5 3
. Best fit uy = ox/o
Combined Run 1 + Run2 B(H — Hoc= o

inv) of 0.19 (0.15) at 95% CL

o



B(B® — u* u)[107]

Summary of B-physics:

Bs? = py+ p- and B? = py+ p-

arXiv:1812.03017

[ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T T T T T ]
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0.4F . -
0.2 :_ --------- ss\ —:
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Summary of B-physics: UK effort @

Bs? = py+ p- and B? = py+ p-
arXiv:1812.03017 Bs= J/blun) G(K+K-)
— ||||| ATLAS CONF-2019-009
o 1.2F -
-, - ATLAS —— 2015-2016 data ] — , — —
N 1 Run 1 + 2015-2016 data . 2 0.12 '?/?;Af : ;e,i'(;n{ga%v
Y - ——— LHCb Run 1 + partial Run 2 data - ; (GAST/;gCt C_oqtgg;s
T 0'8:_ P T - Likelihood contours for _: CMS 19.7 fb™!
T o6 0 - Mg ) -2 Aln(L) =2.3,6.2, 11.8 ] 0.10
@ S .
0.4__ . ""-:-._:. ....... -]
0 2:_ ......... E 0.08
F i~ ] LHCb 3 b~
0_ | - |\'| ‘| n
_0oF A 0-06 ATLAS 19.2 + 80.5 fb~"!
e ! | ;\I\‘ | N
0 1 2 3 4 5 6 7 ~ 02 -0 02 04
0 _ 4,0 9 ds[rad]
BBs = w)[107] Precision comparable to LHCb
BO limit is most stringent

1593@ v
o 550

Data parking for B-physics
Collect unbiased sample of B-decays to be
reconstructed during shutdown
Have collected 1010 B decays, measure Rk and Rk*
measurements to check LHCb anomaly
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4-top search TOP-18-003

» 4-top cross section can be used to constrain magnitude and CP

t properties of top yukawa coupling to Higgs.
g « Small SM cross-section, sensitive to enhancements from BSM
t particles
» Use full Run-2 data, 2 approaches : cut-based (classify events
t based on # jets and # of b-jets) and BDT
g » Both give consistent results, compatible with NLO SM predictions
t
4-top cross section of 12.6725 fb Significance of 2.60 (2.70)

compared to SM prediction of  12.0%3% fb

CMS Preliminary Cut-based (postfit) 137 fb~! (13 TeV) CMS Preliminary BDT (postfit) 137 fb~! (13 TeV)
tttt ws%N Rare tttt ws%N Rare
ttw Charge misid. ttw Charge misid.
- =tz Xy m ttZ Xy
1% Nonprompt lep. e ttVV 2 1% Nonprompt lep. A
102 H ¢ Data 10 ttH ¢ Data

]

101 101

:|.00 100

s

10- 1071

o o

o2 | 0 2

& Z 2 . 4. ; 7 4 ; 7 M/ * ! Z //4///// ////% & R, ////i//////(////‘/////‘/////’/////0////4/////‘/////.//////.//u/,lu///‘/////‘////////// 2 /

@© 0 i 0 d
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4-top search TOP-18-003

Type Il two-Higgs-doublet model, exclusions in Constrain top Yukawa coupling w.r.t
the mass ranges of 350-470 GeV (scalar) and SM value
350-550 GeV (pseudoscalar) SM

v /M < 1.7,

100 CMS Preliminary 137 fb~! (13 TeV) CMS Preliminary 137 fb~1 (13 TeV)
—e— 95% CL Observed 50_— ZZzZz Observed upper limit ,"
E==== 95% CL Expected *+1 and *2 Oexperiment ] Observed cross section /

/

80 - gscalar ] Predicted cross section, i
theory |1 = !
40 A

~7" Phys. Rev. D 95 (2017) 053004

60 -

o(pp ~ (t,tW,tq)+H) x BR(H— tf) (fb)

O 0 T T T T T T
350 400 450 500 550 600 650 00 05 1.0 15 20 25
my (GeV) lyelyeM|
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ATLAS-CONF-2019-028 H- pp

LAS

EXPERIMENT

Rare decay that offers best possibility to measure Higgs coupling to 2nd-generation fermions
Physics beyond SM could enhance branching ratio, SM branching ratio : 2.18 x 10-4
Challenging measurement;

- small coupling

- large backgrounds (Z/gamma*, diboson, top)

- small S/(S+B) ~0.2%)

+ Boosted Decision Trees (BDT) used for discrimination between signal and background

+ Events classified into 12 mutually exclusive categories
- BDT uses 14 variables and trained using data events in a sideband region (50% events

training, 25% for validation, 25% testing)

n LML L I
< 0.16F o = L B L L N N I T T T T T T T e e I e S
§ ATLAS Prellmlnary1 — zz;:‘;::;nd g 0.3~ ATLAS Preliminary Data sideband % C ATL‘AS pr‘e"min;ry L 'Data sideband ]
m 0_14, Vs=13TeV, 139" — MC bkg sideband ] o C {s=13Tev, 130 fp —— Higgs signal . o 0.25F (5-13Tev, 139 o —— Higgs signal .
© 2-jet . o r —— MC bkg sideband - - ’ —— MC bkg sideband
c o 12; —— MC bkg center S 0.25[ 2-jet — MC bkg center °  2-jet —— MC bkg center
27 & L : S 02 -
o C = = '
g o1 g 02 g
0.08} - ois *0.15 .
0.06 o1 B
0.04f 0.1 -
0.02: 0.05f 0.05 -
I N N S N SRR N P e -
OO 20 40 60 80 100120140160 180200 Ol e e I T | .
. 0_3 GO 50 100 150 200 250 300 350 400
P, [GeV]

Pl [GeV]
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ATLAS-CONF-2019-028 H- pp @

« Perform fit to invariant mass spectrum, use analytical models to describe mass EXPERIMENT

spectrum for signal and background

> — i
8 300: ATLAS Prellmlnary - Data -
N gsgf.  Ys=13TeV, 139 fio — Total PDF =
> - H — up — Signal PDF -
= - log(1+S/B) weighted -- Bkg. PDF -
) 200— -
i = -
g 1505 E
-g - -
S 100:— =
= = -
50— —
3) - ]
o) 1
© 0
©
o 4

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

Expected sensitivity: 1.50, observed 0.80, o(obs) / 6(SM) = 0.5 + 0.7

50% improvement in expected sensitivity w.r.t previous ATLAS result, ~ half from larger
dataset, half from improvements in analysis techniques
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H- A" HIG-18-029

CMS Preliminary 77.4 16" (13 TeV)

%35000:_'|'_|:)‘IY"Y'"I""I""I""I"'.'I""I""_:

- high resolution channel with small branching ratio < o000l Sieibymoghied
- background rejection using diphoton BDT 5 2so00f R E
g o000k N 0 B component =

g E z1o 3

_%150005— [J*20 3

Use simplified template cross section (STXS) framework: 10000 E- E
. e o) E ]

- minimize theory dependence & 5000 3

& F :

- enable use of advanced analysis techniques to
optimise sensitivity
- increase reinterpretability

First CMS measurement of STXS stage 1 regions in
diphoton channel, covering ggH and VBF production
modes (VH and ttH have limited sensitivity for stage 1)
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Two fits are performed with different grouping, a 7 parameter fit and 13 parameter fit.

Motivated by aiming for maximum granularity while maintaining uncertainties at ~+/- 100% SM prediction

- CMS Preliminary 77.4 b (13TeV)

| . 4 — T T | T T T | T T T T T | T T T | T T T | T T
h =t [+l = 2de | [z2e 7 B H=vy —=— Observation _
ggH 0J |1.180%
— . SM Prediction ]
ggH 1Jlow | 13%¢
— m,, profiled ]
ggH 1Jmed | o7 WP
ggH 1J high | 1.7:2¢
(W aartine v aait) ggH GE2J | 08¢
| ggH BSM | 2.2 ]
qqH | o8
0proc/Gtheo

Cross sections normalized to SM predictions: ggF = 1.15+0.15 and VBF = 0.8+0.4
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ATLAS-CONF-2019-026 charge Asymmetry in top-antitop events @

ATLAS

4+top-antitop is symmetric at leading-order (LO) under charge conjugation EXPERIMENT

4+ Asymmetry from interference of higher orders in qq and qg initial states (gg symmetric to all orders)

4+ Top quarks preferentially produced in direction of incoming quark, more forward top quarks, more
central top antiquarks.

N(Aly| > 0) — N(Aly| < 0)
N(Aly| > 0) + N(Aly| < 0)

A = = 0.0060 % 0.001 1545 + 0.00105y5 : Aly| = |y| — | ;]

Consistent with predictions from NNLO in QCD and NLO in electroweak

Significance of non-zero asymmetry at 40 level

& - - O 007_ T T T I -
< — imi < C imi ]
0.014F B NNLoQeD +NLOEW  ATLAS Preliminary 0.06 ;_- NNLO QCD +NLOEW ATLAS PrellmlnarL;
0.012] B Powheg+Pythias Vs =13 TeV, 139 fo ] 0.05- I Powheg+Pythias (s=13TeV, 139 fo! 3
0.01 [ ¢ Data(stat/total) B 0.04F ¢ Data (stat./total) 3
- 1  oo03f E
0.008F 1 oot t :
o.ooe* oot P P |
- ] of——*———i———' _______ |
0.004F = 5 E
- 1 -001F =
0.002 1 -0.02F E
o 1 —0.03t | | I | ;

<500 [500,750] [750,1000] [1000,1500] > 1500

Inclusive

- m, [GeV]

Exploits large dataset in 2 ways: reducing statistical uncertainty and constraining large uncertainties in-situ.



Triple gauge boson production (WVV)
arXiv:1903.10415 LAS

EXPERIMENT
q .
—— e 1] Rare SM process, tests the non-Abelian gauge structure of SM.

Y Deviations from SM could point to new physics at higher energy scale

—_ql—vvvv\M ‘/3 ATLAS fs=13TeV,798 "
q C— ot ""'Lé";b"l's?d't L
stat. — Comg pal- ot stat
_ +062 +0.39
D h 1 Significance WWWwW 27 o+ u=213 57 3
eedy channe Observed Expected oss 040
. —®— u=047 7 '
WWW combined 320 240 WWw 3¢ -4 047 044
WWW — tvlvqq 4.00 .70 | L= 04p 098 04
WWW — evlvly 1.00 2.00 Wvz 3¢ @ H=UC 002 047
WV Z combined 320 2.00 | — D44 092 083
Wwvz 4r —g—q U - 083 075
WVZ — tvqqtt 0.50 1.0 7 N
WVZ — tvltvltlt/qqtttt 3.50 1.80 Combined ] u=14p 10X 0=
WVV combined ‘ 4.10 310 PRI B R U T
0 2 4 6 8
best fit u = cWWV/o¥V
+0.16 +0.16 14 +0.15 b
owww = 0.657 - 2 (stat.) T - ) (syst.) owwz = 0.55 +0.14 (stat.) 7|3 (Syst.) p



Summary

UK in CMS:
®We lead critical aspects of the detector design, driven by our physics goals.
Significant M&O responsibilities in Trigger, Tracker, ECAL, as well as computing.
@Becoming increasingly challenging to maintain operational expertise in these
critical areas

Physics (ATLAS + CMS)
® UK involvement in many interesting and wide ranging areas of physics

exploitation of LHC data.
® Leading many interesting analyses in Standard Model, Top, Higgs, and B-
physics, also leading as conveners of SM, Top B-physics and LHC Higgs WG.
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