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Boldface page numbers indicate definitions of terms or statements of results

abelian group
complete, 14
separated, 14

absolute Frobenius lift, 265
absolute value, see also norm
additive value group, 16
adjoint form (of a twisted polynomial), 86, 246
analytic elements, 144, 156
approximation lemmas, 20, 30, 147, 206
Artin–Hasse exponential series, 162, 293
Artin–Schreier extension, 51, 317, 334, 341
Artin–Schreier theory

nonabelian, 259, 315, 357
average norm (of a difference module), 281

B-pair, 363
Bézout domain, 276
Baer sum, 82
Banach contraction mapping theorem, 41, 269
Banach space, 23
Barsotti–Tate group, see also p-divisible

group
base change

of a difference module, 244
of a differential module, 81, 98, 107, 178

Berkovich spaces, 8
Bessel differential equation, 120, 328
binomial series, 50
Birkhoff factorization, 149
bounded homomorphism, 14, 94
bounded Robba ring, 217, 263, 359

Calabi–Yau variety, 355
Cauchy sequence, 14
Cauchy theorem, 120

p-adic, 154, 302

center (of a Frobenius lift), 265
change-of-basis matrix, 81, 244
clean differential module, 214
Cohen structure theorem, 333
coherent locally free module, 144
compactness (of a closed interval), 136,

203, 208
companion matrix, 64
compatible seminorm on a module, 17
complete abelian group, 14
completion (of an abelian group), 15
connection, 81, 91
constant subring (of a differential ring), 78
constituents (of a differential module), 80
contraction mapping theorem, 41, 269
convexity, 190
Cramer’s rule, 66
Crew’s conjecture, 335
crystalline cohomology, 353
cyclic vector

of a difference module, 246
of a differential module, 84
theorem, 84, 89, 246, 260, 311

cyclotomic character, 362

de Rham cohomology, 347
de Rham representation, 336, 362
decomposition theorem

for difference modules, 252
refined strong, 179, 214
refined visible, 113
strong, 177
visible, 107

derivation of rational type, 164
Dieudonné–Manin classification theorem, 258,

283, 316, 332
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difference
field, 244

difference-closed, 247
isometric, 249

Galois theory, 258
ideal, 244
module, 244
ring, 244

differential
Galois theory, 91
ideal, 78
module, 78

normed, 96
on an open annulus, 152
trivial, 78
unipotent, 78, 153

ring or field, 77
slopes, 211

dimensioned constants, 27
discrepancy

of a differential module, 203
of a function, 202

discretely valued field, 16
dual

of a difference module, 245
of a differential module, 82

duality for convex functions, 43
dualizable difference module, 245
Dwork

exponential series, 181, 292
trick, 273, 275, 280, 281, 295,

329, 336

eigenvalues
prepared, 123
weakly prepared, 123

elementary divisors, 63
elementary matrix, 55
elementary row or column

operation, 56
elliptic curve, 3
elliptic integral, 5
equivalence (of p-adic exponents), 224
étale cohomology, 5, 354
étale difference module, see also unit-root

difference module
étale fundamental group, 323
exponents

of a differential module, 122
of a p-adic differential module, 226

extended Robba ring, 282
exterior power, 57, 82
exterior product ∧, 57
extrinsic generic radius of convergence, 157

Fekete’s lemma, 94
field of norms, 357

filtration
lower numbering, 52
upper numbering, 52, 321

finite local monodromy (p-adic), 318
formal adjoint (of a twisted polynomial), 86,

246
Fréchet completeness, 139
Frobenius

antecedent, 173, 181, 213, 225, 303, 341,
342

descendant, 171, 181, 193, 196, 206
lift, 265

absolute, 265
standard, 297
zero-centered, 266

off-center, 181, 196
structure (on a differential module), 160,

291, 327
Fuchs theorem, 125

p-adic, 221, 231, 302
Fuchsian singularities, 130
full spectrum, 100
fundamental solution matrix, 123, 221, 234,

295, 302, 308

Galois cohomology, 363
Galois descent, 129, 173
Gauss

(semi)norm, 26, 138, 282
for twisted polynomials, 104

(semi)valuation, 26
for twisted polynomials, 104

Gauss–Jordan elimination, 63, 141
Gauss–Manin connection, 351
generalized power series, 31, 282
generic Newton polygon, 266, 280
generic point, 160
generic radius of convergence, 156

extrinsic, 157
intrinsic, 157

Gevrey functions, 130
gluing lemma, 142, 208

Hadamard three-circle theorem, 139
Hahn–Banach theorem, 32
Hasse–Arf theorem, 322
Hasse’s theorem, 3
henselian field, 46, 263
Hensel’s lemma, 41
Hermitian transpose, 56
Herr complex, 361
Hilbert–Noether theorem, 173, 314, 359
Hodge polygon

of a difference module, 254
of a matrix, 63

Hodge–Newton decomposition, 65
for difference modules, 254
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homomorphism
bounded, 14
isometric, 14

horizontal
element (of a differential module), 78
morphism (of differential modules), 81

Horn inequalities, 71
hypergeometric

differential equation, 5, 120, 159,
222, 348

series, 5, 159

Igusa polynomial, 6
index

of a differential module, 126
of nilpotency, 123

inertia group, 49, 323
intrinsic

generic radius of convergence, 157
radius, 157
subsidiary generic radii of

convergence, 162
invariant factors, 63
inversive difference ring, 245
irregularity, 119, 162
isoclinic difference module, 250
isometric

difference field, 249
homomorphism, 14

Jordan–Hölder constituents, 80

Kiehl–Tate theorems, 149
Kummer theory, 50

Lang torsor, 259
Lefschetz

principle, 119
trace formula, 5

limit (of a sequence), 14
Liouville number, 219
Littlewood–Richardson

numbers, 71
local horizontal section, 154
locally free module, 84
lower convex hull, 36, 105
lower numbering filtration, 52

Mal’cev–Neumann series, 31, 282
master factorization theorem, 39, 104, 140,

142, 246
matrix of action, 80, 244
maximally complete field, 28
metrically equivalent seminorms, 14
minor (of a matrix), 61
mirror symmetry, 355
monodromy transformation, 122

multiplicative
seminorm, 15
value group, 16

mysterious functor, 363

Newton above Hodge theorem, 64
for difference modules, 254

Newton polygon
generic, 266, 280
of a difference module, 254, 279
of a matrix, 64
of a polynomial, 36
of a power series, 138
of a twisted polynomial, 104, 246
semicontinuity theorem, 266, 280, 311, 329
special, 266, 280

Newton’s method, 264
nilpotency index, 123
nonarchimedean

group, ring, field, 16
seminorm, 16

norm, 14
Gauss, 26

for twisted polynomials, 104
p-adic, 26
spectral, 95
supremum, 17
t-adic, 25
trivial, 25

normal (matrix), 60
normed differential module, 96

off-center Frobenius antecedents and
descendants, 181, 196

operator norm, 56, 94, 121
opposite

difference ring/module, 245
ring, 86

optimal basis, 198
order of log-growth, 308
Ostrowski’s theorem, 17, 27
outer provinces, rebellious, 300
overconvergent F-isocrystal (on the affine

line), 352

p-adic
Cauchy theorem, 154, 302
Fuchs theorem, 221, 231, 302
Hodge theory, 357
integers, ring of, 26
Liouville number, 219
local monodromy theorem, 2, 114, 234,

279, 327
unit-root, 318

norm, 26
numbers, field of, 26
Turrittin theorem, 338
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p-divisible group, 285, 336, 364
p-power roots of unity, 226
perfection, 249, 339
(φ, �)-module, 359
Picard–Fuchs

equation, 7
module, 88, 122, 294, 347

piecewise affine function, 136
Poincaré pairing, 353
potentially semistable representation,

336, 363
prepared eigenvalues, 123
principal minor (of a matrix), 61
product formula, 26
product seminorm, 23
projective module, 84
pseudoconvergent sequence, 30
pseudolimit, 30
pure

difference module, 250, 277
differential module, 100

quasiconstant differential module, 327
quasiunipotent

differential module, 327
monodromy, 122

quotient seminorm, 16

radii of optimal convergence, 198
radius of convergence (of a differential

module), 154
ramification numbers, 211
Rapoport–Zink spaces, 285
rational type, 164
real

semivaluation, 16
valuation, 16

rebellious outer provinces quelled by
Frobenius, 300

refined decomposition theorem
strong, 179, 214
visible, 113

refined differential module, 100, 342
regular differential module, 119,

234, 347
residue field (of a nonarchimedean field), 17
rigid analytic geometry, 8
rigid cohomology, 353
Robba condition, 223
Robba ring, 264, 360

bounded, 217, 263, 359
extended, 282

Schauder basis, 32
semiabsolute value, see also seminorm
semicontinuity theorem for Newton polygons,

266, 280, 311, 329

seminorm, 13
compatible, 17
Gauss, 26
metrically equivalent, 14
multiplicative, 15
product, 23
quotient, 16
submultiplicative, 15
supremum, 17
topologically equivalent, 14

semistable
difference module, 281

semivaluation, 16
Gauss, 26

separated abelian group, 14
shearing transformation, 125, 226, 227,

234, 310
Shilov boundary, 149
singular value, 95

archimedean, 56
decomposition, 56
nonarchimedean, 63

slope (of a polynomial), 36
slope filtration theorem, 279, 298,

340, 364
Smith normal form, 63
solvable differential module, 211, 294, 302
special Newton polygon, 266, 280
spectral norm, 95
spectral radius, 94
spectrum

full, 100
visible, 105

spherically complete metric space, 28
standard Frobenius lift, 297
strong decomposition theorem, 177
strong triangle inequality, 16
strongly difference-closed difference

field, 247
subharmonicity, 190
submultiplicative seminorm, 15
subsidiary (generic) radii (of convergence),

162
supersingular elliptic curve, 6
supremum (semi)norm, 17
supremum-equivalent seminorm, 18

t-adic valuation, 25
tame degree (of an extension), 49
tamely ramified extension, 49, 101, 113, 179,

323
Taylor series, 90, 159, 173, 226, 296
Teichmüller lift, 7, 259, 358
tensor product

of difference modules, 244
of differential modules, 81

topologically equivalent seminorms, 14
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totally ramified extension, 48
totally wildly ramified extension, 49
trace (element or component), 82
trace-zero component, 82
transfer theorem, 158

regular singular, 234, 295
triangle inequality, 14

strong, 16
trianguline representation, 364
trivial

difference module, 244
differential module, 78

Turrittin–Levelt–Hukuhara decomposition
theorem, 114, 128, 338

twisted polynomial
over a difference ring, 246
over a differential ring, 85

type (of a field element), 218

ultrametric seminorm, 16
unipotent differential module,

78, 153
unit-root

difference module, 250, 298,
315, 318

p-adic local monodromy theorem, 318
unramified extension, 47
upper numbering filtration, 52, 321

valuation, 16
Gauss, 26

for twisted polynomials, 104
t-adic, 25

valuation ring (of a nonarchimedean field), 17
value group, 16
variation of Hodge structures, 335
visible decomposition theorem, 107, 176

refined, 113
visible spectrum, 105

weak equivalence (of p-adic exponents), 224
weak topology, 358
weakly difference-closed difference field, 247
weakly prepared eigenvalues, 123, 221
wedge power, see also exterior power
Weierstrass preparation, 140
Weil conjectures, 4
well-ordered set, 31, 282
width (of a polynomial), 35
wild inertia subgroup, 49
wildly ramified extension, 49
Witt vectors, 258, 293, 358

Yoneda extension group, 82, 245

zero-centered Frobenius lift, 266
zeta function, 4, 349, 354
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